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ABSTRACT. Mannose-binding lectin (MBL) is a lectin complement
protein encoded by the MBL2 gene that has an important role in the
control of infections caused by intracellular pathogens. However, there is
no consensus about the effect of MBL2 polymorphism and MBL levels
in leishmaniasis infections. We investigated the implications of MBL2
gene variants as well as MBL serum levels and occurrence of visceral
leishmaniosis (VL) caused by Leishmania chagasi. A case-control
analytic study was performed on 161 patients with VL and 161 healthy
individuals in a northeast region of Brazil. The alleles of exon 1
(MBL2*A, MBL2*B, MBL2*C and MBL2*D) and promoter region (-
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550L/H, -221Y/X and +4P/Q) were identified by automatic sequencing
and the MBL serum levels were determined using an ELISA kit. MBL
serum levels were similar in VL patients compared to the healthy
controls. Also, allelic, genotype and haplotype frequencies of variants in
exon 1 and promoter region did not significantly differ between case and
control groups. Overall, our data show that MBL2 polymorphisms within
the structural gene as well as the promoter region influence functional
MBL serum levels but are not associated with susceptibility to L. chagasi
infection in this population. We observed a lack of consensus regarding
the association of MBL 2 polymorphisms with leishmaniasis worldwide,
indicating that the influence of genetic variations can differ in different
populations and with differences in parasite/vector relationship.

Key words: Immunogenetics; Innate immune system; Mannose binding
lectin; Leishmania chagasi

INTRODUCTION

Visceral leishmaniasis (VL) is a chronic, severe disease that can be fatal if untreated. In
Brazil, it is caused by the intracellular pathogen Leishmania chagasi. The disease is
characterized by a broad clinical spectrum, which may vary from asymptomatic, discrete clinical
manifestations (oligosymptomatic) and moderate to severe (Kevric et al., 2002; Laison &
Rangel, 2005). Several factors may influence the evolution of the disease, including co-infection
with human immunodeficiency syndrome (HIV), nutritional status, age (Badaro et al., 1986;
Queiroz et al., 2004) and variations in genes that regulate the immune response
(Sakthianandeswaren et al., 2009).

Mannose-binding lectin (MBL) is a soluble protein that is part of the innate immune
system, and plays an important role in recognition and elimination of pathogens through
phagocytosis promotion and complement cascade activation. By binding to its target, MBL
triggers lectin pathway, leading to the production of C3b opsonizing fragments favoring
phagocytosis via CR1 receptors of phagocytes. Previous studies have shown that MBL binds to a
wide variety of microorganisms, including Leishmanias sp. (Fraser et al., 1998; Worthley et al.,
2005).

In humans, MBL protein in the serum isa product of MBL2 gene, located on
chromosome 10 (q21-24), formed by four exons (Taylor et al., 1989; Sastry et al., 1989).
Variants at the promoter region and in exon 1 of the MBL2 gene result in considerable variations
in the amount and structure of the MBL protein, respectively (Terai et al., 2003; Larsen et al.,
2004).

There are three mutations located in exon 1 that involve an exchange of nucleotide
bases in codons 52 (C>T), 54 (G>A) and 57(G>A), which lead to low production of MBL,
corresponding to allelic variants MBL2*D, MBL2*B e MBL2*C, respectively. These variations
are commonly referred asallele O since they have asimilar physiological effect, which
culminates with reduction of circulating MBL level. The wild allele that produces normal
protein levels is termed MBL2*A (Lipscombe et al., 1992; Madsen et al., 1994). Thus,
homozygous for the wild type allele (A/A) show higher levels of MBL compared to
heterozygous (A/O), whereas mutant homozygotes (O/O) produce amounts of MBL almost
undetectable by ELISA. Polymorphic sites of promoter region are at positions -550 [C>G], -221
[G>C] and +4 [C>T] representing loci H/L, X/Y, and P/Q, respectively (Garred et al., 2006).
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Some studies have evaluated the influence of polymorphisms and MBL serum levels
regarding leishmaniasis susceptibility. Recently, we have demonstrated that MBL levels are not
associated with the development of VL (Silva et al., 2015). However, MBL level assay is a
phenotypic representation that can be influenced by the presence of the infectious agent
itself. Thus, the aim of the present study was to investigate the association of MBL2 gene
polymorphisms and MBL levels in the occurrence of VL caused by L. chagasi.

MATERIAL AND METHODS
Study design

We investigated 161 unrelated patients with VL from a northeast region of Brazil
(50.3% males and 49.7% females; age range: 1 - 51 years; 5.1 £ 7.6 mean age) and 161
unrelated healthy individuals, with no history of Leishmania sp infection, from the same area
(19.3% males and 80.7% females; age range: 1 - 74 years; 29.1 + 13.5 mean age).

Sample collection and characterization

The individuals in VL group were those with suggestive VL syndrome (fever more than
two weeks) accompanied by at least one of the following changes: a) splenomegaly, b)
hepatomegaly, ¢) anemia, (leukopenia or thrombocytopenia) previously diagnosed by the
presence of amastigote forms of L. chagasi in bone marrow smear. All patients of the study were
followed at the principal hospitals and referral clinics for VL in the city of Sao Luis, MA, Brazil.

Healthy volunteers from the same endemic area, unrelated to those included in the VL
group, were recruited to integrate the control group. The inclusion criteria for the control group
were individuals who had no signs and symptoms suggestive of VL, as previously described,
and serologically negative for L. chagasi.

Ethical approval

Data collection occurred after the approval of the project by the Committee for Ethic in
Research with human beings of the university Hospital of the Federal University of Maranhdo
(Approval no. 076/2010). A questionnaire containing identification data, epidemiological
markers, clinical characteristics and blood tests was used. The collection of biological material
for analysis began only after authorization by the individuals (sick or healthy) or their guardian,
by signing a free and informed consent form.

MBL serum level measurement

MBL serum levels of all samples were measured by enzyme-linked immunosorbent
assay MBL Oligomer ELISA Kit (Bioporto, Copehagen, DK), according to the manufacturer’s
instructions. The detection limit of assay was 0.02 ng/mL.
Molecular analysis

Genomic DNA was isolated using lllustra™ blood genomic prep mini spin (GE

Healthcare, UK) according to the manufacturer’s instructions. Molecular analysis of the exon 1
and the promoter region of MBL2 gene was performed by bidirectional sequencing using the Big
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Dye Terminator v3.1 Kit (Applied Biosystems, USA) and oligonucleotides previously described
(Madsen et al., 1998).

Statistical Analysis

Data were analyzed using SPSS for Windows 17.0 (2007). Initially, the Shapiro-Wilk
normality test of MBL serum levels was applied and, due to its abnormal distribution,
nonparametric Kruskal Wallis and Mann-Whitney test was used. To evaluate MBL
concentration between different haplotypes within each group (case and control), the Kruskal
Wallis test was used. In the assessment of MBL concentration from each haplotype between
groups (case and control), the Mann-Whitney test was used. The odds ratio was calculated with a
95% confidence interval. Later, in order to verify the association of different haplotypes with
different groups (case and control) the chi-square independence test was applied. The
significance level for rejecting the null hypothesis was 5%, i.e. a value of P < 0.05 was
considered as significant.

RESULTS
MBL2 exon 1 and promoter variants frequencies

The genotyping of six variants in MBL2 gene was successfully performed in all 322
samples. The frequency of MBL2 exon 1 alleles are shown in Table 1. There was no statistically
significant difference in allele and genotypes frequencies between groups (Table 1). The
structural genotypes (A/A, A/O and O/O) showed no significant difference between groups
(Table 1). The wild homozygous genotype (A/A) showed higher frequency in both groups, while
the heterozygous individuals (A/O) that had a wild allele and one mutant allele (B, C or D),
represented the second most frequent genotype in both groups. The defective homozygous
genotype (O/O) had the lowest frequency in VL and control healthy individuals (Table 1).

Table 1. Allelic and genotypic frequencies of the MBL2 exonl polymorphisms in visceral leishmaniasis
patients and healthy controls.

Exon 1 Cases Controls Cases vs Controls

Variants n=161(%) n=161(%) OR (95% CI) P value®
MBL2*A 236 (73.2) 246 (76.4) 1 Reference
MBL2*B 42 (13.4) 49 (15.2) 0.89[0.57-1.4] 0.62
MBL2*C 35 (10.8) 21 (6.5) 1.73[0.98 - 3.07] 0.05
MBL2*D 9(2.8) 6 (1.8) 1.56 [0.54 — 4.46] 0.39
GENOTYPES MBL2*

AA 88 (54.7) 94 (58.4) 1 Reference
AO 60 (37.3) 58 (36) 1.11[0.61 - 3.57] 0.67

00 13 (8) 9(5.6) 1.54[0.62 - 3.78] 0.34
Recessive Model

AA 88 (54.7) 94 (58.4) 1 Reference
AO + 00 73 (45.3) 67 (41.6) 1.16 [0.74 - 1.80] 0.49
Dominant Model

AA + AO 148 (92) 152 (94.4) 1 Reference
00 13 (8) 9 (5.6) 1.48 [0.61 — 3.57] 0.37

OR: odds ratio; * P values were calculated by a chi square test
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In the promoter region of MBL2, the most frequent alleles for the case and control
groups were: -550L, -221Y and +4P (Table 2). There was no significant difference in allele
frequency of these variations between groups. In addition, investigation of their respective
genotypes also revealed no statistical difference. As observed for variants in exon 1, the
polymorphisms in the promoter region also had no association with VL occurrence in any of
evaluated models (Table 2).

Table 2. Allelic and genotypic frequencies of MBL2 promoter polymorphisms in visceral leishmaniasis
patients and healthy controls.

Promoter variant Cases Controls Cases vs Controls

n=161(%) n=161 (%) OR (95% CI) P value®
ALLELES -550 C/G (L/H)
C(L) 218 (67.7) 216 (67) 1 Reference
G (H) 104 (32.3) 106 (32.9) 0.97 [0.69 — 1.35] 0.86
GENOTYPES -550 C/G (L/H)
CC (LL) 80 (46.7) 70 (43.5) 1 Reference
CG (LH) 58 (36) 76 (47.2) 0.66 [0.41 - 1.06] 0.09
GG (HH) 23(14.3) 15(9.3) 1.34[0.65 - 2.77] 0.42
Recessive Model
CcC 80( 46.7) 70 (43.5) 1 Reference
CG+GG 81 (53.3) 91 (56.5) 0.77 [0.50-1.20] 0.26
Dominant Model
CC+CG 138 (85.7) 146 (90.7) 1 Reference
GG 23(14.3) 15(9.3) 1.62 [0.81-3.23] 0.16
ALLELES -221 G/C (Y/X)
G (Y) 291 (90.3) 276 (85.7) 1 Reference
C (X) 31(9.7) 46 (14.3) 0.63[0.39 - 1.03] 0.06
GENOTYPES -221 G/C (Y/X)
GG (YY) 133 (82.6) 120 (74.5) 1 Reference
GC (YX) 25 (15.5) 36 (22.4) 0.62 [0.35-1.10] 0.10
CC (XX) 3(1.9) 5@.1) 0.54[0.12 -2.31] 0.4
Recessive Model
GG 133 (82.6) 120 (74,5) 1 Reference
GC+CC 28 (17.4) 41 (25,5) 0.61 [0.35 - 1.05] 0.07
Dominant Model
GG +GC 158 (98.1) 156 (96.9) 1 Reference
cc 3(1.9) 5(@.1) 0.59 [0.13 - 2.52] 0.69
+4 CIT (PIQ)
C(P) 233(72.3) 236 (73.2) 1 Reference
T(Q) 89 (27.7) 86 (26.8) 1.06 [0.75 - 1.50] 0.72
GENOTYPES +4C/T (P/Q)
CC (PP) 85 (52.8) 91 (56.5) 1 Reference
CT (PQ) 63 (39.1) 55 (34.2) 1.22[0.76-1.95] 0.39
TT (QQ) 13 (8.1) 15 (9.3) 0.92 [0.41-2.06] 0.85
Recessive model
CC (PP) 85 (52.8) 91 (56.5) 1 Reference
CT (PQ) + TT(QQ) 76 (47.2) 70 (43.5) 1.16 [0.74 — 1.80] 0.50
Dominant model
CC + CT (PP+PQ) 148 (91.9) 146 (90.7) 1 Reference
TT (QQ) 13(8.1) 15 (9.3) 0.85 [0.39-1.85] 0.69

OR: odds ratio; *P values were calculated by a chi square test
Association of MBL levels and MBL2 exon 1 gene variants

MBL levels in each genotype relative to exon 1 polymorphisms are shown in Figure
1. In both groups, there is a significant difference on the average concentration of MBL
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among the three genotypes (P < 0.0001), that is homozygous individuals for the functional
allele (AA) have significantly higher levels than heterozygotes (AO) which, in turn, have
higher levels than defective homozygotes (OO).
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Figure 1. Distribution of MBL serum levels in Visceral Leishmaniasis patients and healthy controls. (*)Kruskall
Wallis test P < 0,05; (")Mann-Whitney test P > 0,05. MBL: mannose binding lectin

However, no significant difference in mean MBL concentrations of each genotype was
observed when comparing the case and control groups (Figure 1). The median value for MBL
serum level of AA genotype was 2293.4 ng/mL vs 2484.4 ng/mL (P = 0.68) for case and control
groups, respectively. The heterozygotes (AO) median levels were 1098.4 vs 970.4 (P = 0.65)
while the OO genotypes presented null levels of the MBL serum protein in both groups (Figure
1).

Association of MBL levels and MBL2 haplotypes
The distribution of reconstructed haplotypes of MBL2 and their respective MBL

levels are shown in Table 3.

Table 3. Distribution of MBL2 haplotypes and MBL levels in visceral leishmaniasis patients and healthy
controls.

HAPLOTYPE Cases Controls Cases vs Controls
n=322(%) MBL Level n=322 (%) MBL Level P value MBL? P value
(ng/mL) (ng/mL) frequency®

HYPA 92 (28.6) 1104.0 + 138 86 (26.7) 1137.5 £140.3 0.94 Reference
LYQA 54 (16.8) 1080.9 +186.7 65 (20.2) 1198.5 + 168.7 0.55 0.29
LYPA 59 (18.3) 782.5£185.9 49 (15.2) 891.6 £179.7 0.86 0.63
LXPA 31 (9.6) 916.2 £267.1 46 (14.3) 918.8 +206.9 0.57 0.09
LYPB 39 (12.1) 410.1 +181 35(10.9) 165.8 + 112.7 0.33 0.88
LYQC 35(10.9) 330.1 +£159.8 21 (6.5) 494.7 +253.5 0.25 0.16
HYPD 9(2.8) 413.7 +£380.3 6 (1.9) 916.1 +587.4 0.16 0.54
HYPB 3(0.9) 146.1 +286.4 14 (4.3) 659.9 +211.1 P =0.029 P =0.013

MBL = mannose biding lectin. * Mann-Whitney test. ® Chi-square test
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A total of 8 different haplotypes were found in our sample. The most frequent
haplotypes in both groups were HYPA and LYQA with an average concentration greater
than 1000 ng/mL (Table 3). Haplotype LYPA was present in 18.3% and 15.2% of the case
and control samples, while LXPA was found in 9.6% and 14.3%. Both showed levels of
serum MBL between 700 and 1000 ng/mL (Table 3). The LYPB, LYQC, HYPD, HYPB
haplotypes that showed average levels of serum MBL less than 700 had frequency lower
than 13% in both analyzed groups (Table 3). The comparison between high producer
haplotypes and MBL low producers has no significant association with the presence or
absence of VL (Table 3).

Association of MBL levels and MBL2 diplotypes

The individuals were grouped by diplotypes according to their average
concentration levels of MBL as shown in Table 4. The individuals with YA/YA and
YA/XA diplotypes had an average concentration of MBL greater than or equal to 2000
ng/mL. The individuals with YA/YO and YA/XO diplotype had an average level of 1034.4
ng/mL, while the individuals with YO/YO diplotypes had a low or null level of MBL
protein. The frequencies of this diplotypes were similar both in the case and control groups.
None of these diplotypes were associated with VL (Table 4).

Table 4. Mannose-binding lectin (MBL) serum levels according to combined genotypes of the —221
promoter region and exon 1 of MBL2 in individuals. (a) Diplotypes with high levels; (b) Diplotypes with
intermediate levels; (c) Diplotypes with null levels.

Diplotypes Cases Controls OR (95% CI) P value
N=161 (%) N=161 (%)

YA/YA; YA/XA® 88 (55) 94 (58) 1 -

YAIYO; XAIX0 ® 60 (37) 58 (36) 0.90 [0.56 —1.43] 0.34

YOIYo®© 13 (8) 9 (6) 0.64 [0.26 — 1.59] 0.34

YA/IYO; XAIXO + YOIYO 9 73 (45) 67 (42) 0.85 [0.55 — 1.33] 0.57

OR: odds ratio; *P values were calculated by Chi square test (,2); ® Diplotypes with high levels; ® Diplotypes with
intermediate levels; © Diplotypes with null levels.

DISCUSSION

The genetic background of the host has important impact in clinical manifestation
of leishmaniasis. Variations in genes that are related to the immune system such as DLL1,
TLR4, IL2RA and FCRN2 have been implicated in leishmaniasis development in human
host (Mehrotra et al., 2012; Rasouli et al., 2012; Oliveira et al., 2015; Mishra et al., 2015b).
The MBL protein is innate immune component that recognizes carbohydrate patterns, found
on the surface of a large number of pathogenic microrganisms, leading to activation of
the complement system by lectin pathway. The idea of using MBL2 polymorphisms as
susceptibility / resistance markers for some diseases is very encouraging, since they could
contribute, for example, to the adoption of prophylactic measures based on the MBL2
genotype of the individuals (Turner, 2003).

The role of MBL serum levels as well as MBL2 variants have been investigated in
leishmaniasis in several regions around the world, but the results are contradictory.
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Previously, we reported that MBL levels in patients diagnosed with VL were similar to
healthy individuals (Silva et al., 2015). In the present study, we demonstrated that genetic
polymorphisms associated with low or high MBL production had also no influence on
disease susceptibility caused by L. chagasi.

The allelic frequencies of exonic variants in the sample (case and control) showed
that the MBL2*A allele (wild) is the most common, followed by MBL2*B, MBL2*C and
MBL2*D (Table 1). The defective variants had a frequency similar to the one found in
studies performed on samples from populations neighbor to our sampling (Santos et al.,
2001; Alonso et al., 2007). However, these alleles are unevenly distributed in relation to
other populations. In African populations, MBL2*B allele is non — existent or very rare,
whereas among South American Amerindians (Argentina and Peru) it reaches very
significant proportion, greater than 40% (Garred et al., 2006). In contrast, in the Amerindian
populations from Argentina and Peru, the absence of MBL2*C allele is observed, which is
the most frequent in different regions of Africa. In the region of Mozambique, 6% of the
population is homozygous for this allele. Among Australian aborigines, the defective alleles
are extremely rare or non-existent (Turner et al., 2000). In Brazil, the Guarani tribe, an
indigenous population, has frequencies of 43% for MBL*B allele and 0.4% for MBL2*C
variant. MBL2*D allele was not found (Boldt & Petzl-Erler, 2002).

The defective alleles MBL2*B, C and D (collectively identified as O allele) are kept
in the population to confer selective advantage to the heterozygotes, compared to the
functional homozygote (A/A) or defective (O/O) (Garred et al., 2006). Thus, the
intermediate MBL levels observed in the heterozygous A/O may be the most appropriate
phenotype for the innate protection against a wide variety of pathogens, since high levels
observed in the homozygous A/A favor infections by certain intracellular parasites (Alonso
et al., 2007; Messias-Reason et al., 2007; Cosar et al. 2008), whereas low levels in the
homozygotes O/O have been associated with reduce resistance to Plasmodium falciparum
(Luty et al., 1998) and certain extracellular parasites (Antony et al., 2013).

Our results demonstrate that the presence of a defective allele (MBL2*B, C or D)
with functional heterozygous allele (MBL2*A) significantly reduces (p <0.0001) MBL
levels. In fact, the homozygotes for two defective alleles (O/O) showed undetectable levels
of protein in both case and control groups (Figure 1). However, there was no significant
difference between the frequency of genotypes (Table 1) or the average concentration of
MBL protein on the three genotypes between the groups (Figure 1). These results indicate
that MBL levels are influenced mainly by the genotype of the participants of this study and
that the presence of the parasite does not influence the phenotype regarding to the
production of MBL. Similarly, Asgharzadeh et al. (2007) in Iran, and Hamdi et al. (2013)
in Morocco, also indicated no relationship between the functional genotype and VL
occurrence. Santos et al. (2001) studying a Brazilian population, observed that individuals
with a history of VL had higher levels of MBL than asymptomatic individuals, suggesting
an influence of MBL protein level in clinical outcome of VL. This observation cannot be
performed in our study, since we did not evaluate asymptomatic individuals, but only those
with a positive history of the disease. However, it is important to note that Santos et al.
(2001), also found no association between the exon 1 genotypes of MBL2 and infection
with L. chagasi, which corroborates the results of the present study.

Because the variations in promoter region of MBL2 are also associated with
different levels of MBL protein (Madsen et al., 1998) the present study also evaluated their
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association with LV. Regarding the three investigated polymorphisms in the promoter
region (-221X/Y; -551H/L and +4P/Q), no significant difference was observed between the
frequencies of alleles in both groups. Previous studies had shown that these polymorphisms
can influence the occurrence of VL disease, but the results are inconsistent. A recent study
with Indian population found no relationship between VL and variants at promoter sites
—550H/L; —221X/Y, but the +4Q allele, which leads to high levels of MBL, was associated
with relative protection against VL (Mishra et al., 2015a). Individuals with -221YY
genotype, which leads to high levels of MBL, had a higher risk of developing VL caused
by L. infantum in Moroccan population (Hamdi et al., 2013). In contrast, the -221X allele,
that confers low levels of MBL, was associated to VL caused by L. guyanensis in Brazil
(Araujo et al., 2015).

Although a large number of haplotypes resulting different combinations of alleles
present in the coding region and promoter region of MBL2 gene may occur, only seven
haplotypes are commonly found: HYPA, LYPA, LYQA, LXPA, HYPD, LYPB and LYQC.
Such fact is explained due to linkage disequilibrium of these genes (Pedroso et al., 2008). In
our study, however, eight haplotypes were identified in MBL2 gene (Table 3), being HYPA
and LYQA the most frequent and HYPD and HYPB less frequent (Table 3).

The MBL2 haplotype can be classified as defective (LYPB, LYQC and HYPD) or
functional (LXPA, LYQA, LYPA and HYPA) (Madsen et al, 1998). Among functional,
HYPA and LYQA are associated with high levels of MBL in serum, whereas LYPA and
LXPA are associated with intermediate to low levels. Our results support the classification
suggested by Madsen et al. (1998) and a significant difference can be observed between
MBL levels for each type of haplotype either in VL group or healthy group (Table 3).
However, when comparing the groups, we found no differences in the distribution of
frequencies and in MBL levels in seven of the eight haplotypes observed (Table 3). Only
HYPB haplotype showed a significant difference both in frequency and MBL level between
groups, being higher in the control group. It is possible that this difference is associated
with another set of haplotype present in the genotype of control individuals, since the
presence of at least one strong producer allele can significantly increase MBL levels. Also,
additional single nucleotide polymorphisms within these common haplotypes can further
explain the observed variation in functional MBL serum levels and should be considered in
future association studies with a wider locus approach (Wiertsema et al., 2006).

A study with Iran population has shown that, there is no difference between the
haplotypes in patients with VL compared with healthy individuals (Asgharzadeh et al.,
2007). However, two recent studies have shown a higher frequency of HYPA haplotype
among healthy individuals, indicating its possible protective role against the leishmaniasis
(Mishra et al., 2015a; Araujo et al., 2015). The HYPA haplotype has also been already
associated with the protection against Schistossoma haematobium (Antony et al., 2013). On
the other hand, some studies have shown the inverse role of the high MBL expressor
haplotypes. In infection caused by Mycobacterium leprae, the LYPA haplotype was
associated with the occurrence of leprosy for both the lepromatous and the borderline forms
(Messias-Reason et al., 2007).

Regarding the individuals grouped based on MBL levels, there was no difference
between the groups on the frequency of diplotypes that induces high MBL levels (YA/YA
+YA/XA) intermediate (YA/YO; XA/XO) and low/null (YO/YO). In contrast, Alonso and
cols (2007) found a weak association between individuals with genotypes that induces high
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production of MBL (YA/YA +YA/XA) and VL occurrence, differing from Araujo et al.
(2015), where diplotypes that results in high MBL levels were resistant to cutaneous
leishmaniasis.

The data presented in this study corroborates the results previously demonstrated by
our group, showing a lack of association of MBL levels and the occurrence of VL (Silva et
al., 2015) caused by L. chagasi. Altogether, these results suggest that there is no influence
of genotypes or serum MBL levels in the susceptibility to VL caused by L. chagasi in the
studied population. These results differ from other studies in Brazil and other countries of
Africa that report an association between polymorphism of the MBL 2 gene and
leishmaniasis (Santos et al., 2001; Alonso et al., 2007; Asgharzadeh et al., 2007; Hamdi et
al., 2013; Araujo et al., 2015; Mishra et al., 2015a). However, these associations are
controversial, since genotypes conferring high production of MBL have already been
associated with both susceptibility (Alonso et al., 2007; Asgharzadeh et al., 2007) and
resistance (Araujo et al., 2015; Mishra et al., 2015a) to leishmaniasis. So, it is important to
note that many variables can determine the course of a leishmaniasis infection. As we
known, the mechanisms of immune response evasion are highly diversified among the
species of Leishmania (Gupta et al., 2013; Freitas et al., 2016) and the immune response of
the hosts are strongly influenced by the saliva composition of the insect vector (Gomes &
Oliveira, 2012). Therefore, it should be considered the variety of etiologic agent and insect
vector as well as the ethnic social and the immunogenetic background of the host. These
multifactorial characteristics could explain the conflicting results regarding the influence of
MBL 2 polymorphisms on leishmaniasis in such different populations worldwide,
indicating that the influence of genetic variations depends on the social context of
population, the binomial parasite/vector, and the disease itself.
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