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ARTICLE INFO ABSTRACT
Keywords: Mannose-binding lectin (MBL) binds to SARS-CoV-2, inhibits infection of susceptible cells, and
Innate immunity activates the complement system via the lectin pathway. In this study, we investigated the as-

Complement system

sociation of MBL2 polymorphisms with the risk of hospitalization and clinical worsening in pa-
Mannose-binding lectin

Mannan-binding lectin tients with COVID-19. A total of 550 patients with COVID-19 were included (94 non-hospitalized

Polymorphism and 456 hospitalized). Polymorphisms in MBL2 exon 1 (codons 52, 54 and 57) and promoter

SARS-CoV-2 region (—550, —221, and +4) were determined by real-time PCR. MBL and complement proteins
were measured by Luminex. A higher frequency of the H/H genotype and the HYPA haplotype
was observed in non-hospitalized patients when compared to hospitalized. In addition, critically
ill patients carrying haplotypes associated with high MBL levels (HYPA/HYPA + HYPA/LYPA +
HYPA/LYQA + LYPA/LYQA + LYPA/LYPA + LYQA/LYQA + LXPA/HYPA + LXPA/LYQA +
LXPA/LYPA) were protected against lower oxygen saturation levels (P = 0.02), use of invasive
ventilation use (P = 0.02, OR 0.38), and shock (P = 0.01, OR 0.40), independent of other po-
tential confounders adjusted by multivariate analysis. Our results suggest that variants in MBL2
associated with high MBL levels may play a protective role in the clinical course of COVID-19.

1. Introduction

COVID-19, a disease caused by the SARS-CoV-2 virus, has been responsible for one of the largest pandemics in human history,
affecting more than 680 million people worldwide and causing an estimated 6.8 million deaths by early 2023 [1]. Despite advances in
vaccination coverage worldwide, which have contributed to a reduction in the number of severe cases and deaths, COVID-19 is still a
health problem, since mutations in the viral genome have caused new waves of cases and increased mortality in at-risk and
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non-vaccinated groups [2].

Although most COVID-19 infections are mild, with symptoms such as fever and cough and recovery in 2-3 weeks, there are severe
cases in which patients may develop clinical conditions requiring hospitalization and in extreme cases, death [3]. Multiple factors are
involved in the evolution of the disease to severe forms, including advanced age, presence of comorbidities [4], viral variants [5],
human genetic and immunological factors [6], and socioeconomic conditions [7].

Innate immunity plays a crucial role in the clinical course of COVID-19, favoring infection control in the early stages. However, it is
known that the deregulated activation of pro-inflammatory components may contribute to an increase in lung injury and consequently
worsen the clinical picture, especially in older individuals and those with comorbidities [8].

Mannose-binding lectin (MBL) is an important component of innate immunity, involved in pathogen recognition, activation of the
complement system, and modulation of the inflammatory response [9]. The MBL2 gene, which comprises 4 exons and is situated on
chromosome 10, harbors 3 single nucleotide polymorphisms (SNPs) in exon 1 that exert a substantial influence on serum MBL levels.
The three SNPs in codons 52 (Arg52Cys, allele D), 54 (Gly54Asp, allele B), and 57 (Gly57Glu, allele C), give rise to variant alleles,
where the wild type is referred to as the "A" allele, and alleles B, C and D are collectively named “O.” This genetic modification impacts
MBL’s capacity to oligomerize, decreasing its lifespan and ability to bind to mannan. Consequently, the decreased interaction with
MBL-associated serine proteases results in reduced complement activation [10]. Furthermore, circulating MBL concentration is also
influenced by three key SNPs (named "H/L’, "Y/X", and "P/Q") located in the promoter region that are in linkage disequilibrium with
structural variants of exon 1 [10].

Previous evidence has shown that MBL was able to bind to SARS-CoV, inhibiting infection in susceptible cells [11]. In addition,
mutations in the MBL2 gene, related to low or deficient MBL levels, have been associated with susceptibility to SARS-CoV in Asian
individuals [12,13]. In the context of COVID-19, it has been shown that MBL is able to bind to the SARS-CoV-2 spike protein inde-
pendent of the variant of concern, activate the complement system via the lectin pathway, and perform an antiviral function in human
lung-derived epithelial cell line and primary bronchial cells [14].

Studies investigating the role of polymorphisms in the MBL2 gene with susceptibility or clinical outcome in COVID-19 have shown
conflicting results. A previous study in a cohort of Italian individuals showed that genetic variants near or in the MBL2 gene were
associated with the severity of COVID-19 [14]. On the other hand, no association was found between variants in the MBL2 gene and the
risk of hospitalization or intensive care unit (ICU) admission in a Swedish study. However, haplotypes associated with intermediate
MBL levels have been shown to be protective against the development of thrombotic complications and pulmonary embolism in
critically ill patients [15]. Other studies conducted in small samples, have associated the B allele with the risk of severity and death or
symptomatic outcome in pediatric patients [16-19]. In addition, recent studies have failed to demonstrate an association of poly-
morphisms in MBL2 with long COVID [20,21].

Although previous studies have examined the role of MBL and its polymorphisms in the risk of hospitalization, few have examined
its role in the risk of complications in hospitalized patients. In addition, most have focused on European and Asian populations, which
have different genetic backgrounds than other populations, such as Latin Americans. Therefore, the aim of this study was to evaluate
the association of functional polymorphisms in MBL2 and their levels with the risk of hospitalization and clinical complications of
COVID-19 in a cohort of Brazilian individuals. This study stands out for its in-depth evaluation of the main functional variants of MBL2
described in the literature, through allelic, genotypic and haplotypic analysis, in addition to evaluating their relationship with plasma
levels of MBL and other components of the complement system. The results of this study may contribute to the understanding of the
role of MBL in the clinical course of COVID-19 and may allow the early identification of cases at higher risk for better clinical man-
agement of the disease.

2. Methods
2.1. Study participants

The present study enrolled individuals aged 18 years and older, with a laboratory-confirmed diagnosis of COVID-19, presenting
with severe acute respiratory syndrome. The study focused on those admitted to the University Hospital of the Universidade Federal do
Vale do Sao Francisco (HU-UNIVASF/EBSERH, acronym in Portuguese) and the Field Hospital of the Municipality of Petrolina between
August 2020 and July 2021. Both are reference centers for treatment of COVID-19 in the Vale do Sao Francisco region, Petrolina,
Northeast Brazil. Hospitalized individuals were divided into two categories: those in the Intensive Care Unit (ICU) and those in non-
ICU settings (general wards). The study also investigated individuals with mild symptoms who did not require hospitalization, but who
tested positive for COVID-19. These individuals, opting to present themselves at the university hospital for blood collection post
complete remission, were also included.

This study obtained ethical approval from the Ethics Committee of the Hospital das Clinicas of the Federal University of Per-
nambuco (HC/UFPE, acronym in Portuguese), under registration number CAAE: 38,196,620.0.0000.8807. The research was con-
ducted in accordance with the provisions of the Declaration of Helsinki and the Good Clinical Practice guidelines.

2.2. DNA extraction and genotyping
A 4-mL peripheral blood sample was collected in an EDTA tube (Vacuette K3EDTA tube, Greiner Bio-One, Kremsmiinster, Austria)

within the first 24 h after hospital admission. These samples were then centrifuged at 3500 rpm for 10 min to obtain plasma. Genomic
DNA was then extracted from the peripheral blood samples using a commercially available extraction kit (ReliaPrep Blood gDNA
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Miniprep System, Promega, Madison, WI, USA), according to the manufacturer’s instructions. DNA samples were eluted to a final
volume of 100 pL and quantified using a NanoDrop OneC spectrophotometer (Thermo Scientific, Waltham, MA, USA). The genetic
material obtained was stored in a freezer at —20 °C until the genotyping procedures were initiated.

Six polymorphisms were selected in the MBL2 gene, including three structural SNPs located in codons 52 (allele D, Arg52Cys,
rs5030737), 54 (allele B, Gly54Asp, rs1800450), and 57 (allele C, Gly57Glu, rs1800451) in exon 1, and three SNPs (termed “H/L
[rs11003125]7, “Y/X [rs7096206]”, and “P/Q [rs7095891]") in promoter regions —550, —221, and +4, respectively. The wild-type
allele in exon 1 was denoted as “A,” while alleles B-C were collectively referred to as “O”, as described elsewhere.

Polymorphisms were detected by real-time PCR (QuantStudio 5, Thermo Fisher) using pre-designed TagMan assays. The reaction
mixture contained 5 pL of GoTaq Probe qPCR Master Mix (2 x , Promega, Madison, WI, USA), 0.25 pL of TagMan assay, 2.75 pL of
sterile water (DNase- and RNase-free), and 2.0 pL of genomic DNA, in a final volume of 10 pL. The qPCR thermal conditions were as
follows: 50 °C for 2 min, 95 °C for 10 min, 40 cycles at 95 °C for 15 s, and 60 °C for 1 min.

2.3. Quantification of MBL plasma levels and complement proteins

MBL levels and the concentrations of complement proteins, including C2, C4b, C5, C5a, adipsin (factor D), and factor I, were
measured in plasma samples using the MILLIPLEX MAP Human Complement Panel 1 (Millipore Corporation, Billerica, MA, USA; Cat.
Number: HCMP1MAG-19K), a Luminex xXMAP technology-based multiplex assay that utilizes magnetic beads. The experiments were
performed according to the manufacturer’s instructions. The analyses were performed on a Luminex 200 system, and the median
fluorescence intensity (MFI) was obtained.

2.4. Statistical analysis

The frequencies of MBL2 genotypes, haplotypes, and alleles were obtained by direct counting. Haplotypes were analyzed using the
expectation-maximum algorithm implemented in the Arlequin v. 3.11 software and deviations from Hardy-Weinberg equilibrium
were tested.

For analysis, MBL2 haplotypes pairs were divided into those associated with high expression of MBL (HYPA/HYPA + HYPA/LYPA
+ HYPA/LYQA + LYPA/LYQA + LYPA/LYPA + LYQA/LYQA + LXPA/HYPA + LXPA/LYQA -+ LXPA/LYPA), intermediate (HYPA/
HYPD + HYPA/LYPB + HYPA/LYQC + HYPD/LYPA + HYPD/LYQA + LYPA/LYPB + LYPA/LYQC + LYPB/LYQA + LYQA/LYQC +
LXPA/LXPA), and low (LXPA/LYPB + LXPA/LYQC + HYPD/LYPB + HYPD/HYPD + LYPB/LYQC + LYPB/LYPB + LYQC/LYQCQC).

Data analysis was performed using JASP version 0.16.4 (JASP Team 2022). GraphPad Prism version 8.0 (GraphPad, San Diego, CA,
USA) was utilized to generate the graphs. Categorical data were expressed in terms of absolute frequency and percentage, while
continuous variables were presented as median with interquartile range.

The Shapiro-Wilk test was used to verify normal distribution of continuous variables. Continuous variables were compared using
the Kruskal-Wallis test with post hoc Dunn’s test for pairwise comparisons. For categorical variables, Pearson’s chi-square test and
Fisher’s exact test were used. A Spearman correlation test was conducted to examine the correlation between MBL plasma levels and
other continuous variables. The results were presented using a heat map, with the strength of the correlation coefficients displayed in a
color scale.

A multivariate regression model adjusted for confounding factors was used to analyze the association of MBL2 haplotype pairs with
complications of COVID-19. The odds ratio (OR) was estimated with a 95 % confidence interval (CI). P values < 0.05 were considered
significant and were corrected (Pc) for multiple comparisons with Bonferroni’s correction.

Table 1
Baseline characteristics.
Hospitalized
Variable Non-hospitalized (N = 94) Non-ICU (N = 272) ICU (N = 184) P value® P value”
Age (mean + SD) 36.7 £ 10.5 52.0 £ 14.1 56.5 £ 17.0 <0.001 <0.001
Sex
Male (n, %) 36 (38.3) 162 (59.6) 111 (60.3) <0.001 <0.001
Female (n, %) 58 (61.7) 110 (40.4) 73 (39.7)
Comorbidities
Hypertension (n, %) 8(8.5) 119 (43.7) 100 (54.3) <0.001 <0.001
Diabetes mellitus (n, %) 3@E.1 64 (23.5) 67 (36.4) <0.001 <0.001
Obesity (n, %) 3.1 58 (21.3) 47 (25.5) <0.001 <0.001
Chronic kidney disease (n, %) 0 2(0.7) 14 (7.6) 0.07 0.006
Chronic heart disease (n, %) 0 4(1.4) 10 (5.4) 0.08 0.02
COPD (n, %) 0 6 (2.2) 10 (5.4) 0.07 0.02
Cancer (n, %) 0 1(0.3) 5(2.7) 0.26 0.11
Death (n, %) 0 0 73 (39.6) - -

@ Non-hospitalized versus hospitalized.
> Non-hospitalized versus ICU.
¢ Could not be calculated. COPD: chronic obstructive pulmonary disease; ICU: intensive care unit.
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3. Results
3.1. Baseline characteristics

A total of 456 hospitalized patients were included in the study (184 ICU and 272 non-ICU). Additionally, 94 individuals who had
mild symptoms and did not require hospitalization were included. Table 1 summarizes the baseline characteristics of these groups. For
analysis purposes, non-hospitalized versus hospitalized (ICU + non-ICU) and non-hospitalized versus ICU patients were compared
(Table 1).

In summary, non-hospitalized patients were younger; they had a higher frequency of females and a lower prevalence of comor-
bidities than patients who were hospitalized or admitted to the ICU. Hypertension, diabetes, and obesity were the most prevalent
characteristics in the group of hospitalized patients. There was a 39.6 % prevalence of deaths in the ICU group. There were no deaths in
the other groups (Table 1).

3.2. Association between MBL2 polymorphisms and hospitalization

The frequencies of the MBL2 genotypes were in accordance with Hardy-Weinberg equilibrium. We investigated the allelic and
genotypic distribution of polymorphisms in exon 1, promoter —550, —221, and +4 between the groups (Table 2). A higher frequency of
the H/L and H/H genotypes, related to intermediate and high MBL levels, was observed in the group of non-hospitalized patients when
compared to those hospitalized (P = 0.01, Pc = 0.07) or admitted to ICU (P = 0.02, Pc = 0.14). This association was also verified by
allelic distribution analysis, where the H allele was more frequent in non-hospitalized patients (non-hospitalized versus hospitalized, P

Table 2
Allele and genotype distribution of MBL2 polymorphisms among non-hospitalized and hospitalized individuals
MBL2 Hospitalized
Non-hospitalized (N = 94/188) Non-ICU (N = 272/544) ICU (N = 184/368) P (Pc) value” P (Pc) value”
Exon 1
A/A 55 (58.5) 158 (58.0) 97 (52.7) AA vs. AO + OO0 AA vs. AO + 00
A/0 31 (32.9) 92 (33.8) 71 (38.5) 0.64 (0.99) 0.36 (0.97)
A/B 21 (22.3) 48 (17.6) 44 (23.9)
A/C 7(7.4) 30 (11.0) 22 (11.9)
A/D 331 14 (5.1) 5(2.7)
0/0 8(8.5) 22 (8.0) 16 (8.7)
B/B 2(2.1) 8(2.9) 6(3.2)
B/C 331 6 (2.2) 5(2.7)
B/D 221 514 2(1.0)
Cc/C 1(1.0) 1(0.3) 3(1.6)
D/D 0 2(0.7) 0
Allele
A 141 (75.0) 408 (75.0) 265 (72.0) Avs.O Avs.O
(6] 47 (25.0) 136 (25.0) 103 (28.0) 0.73 (0.99) 0.45 (0.99)
B 30 (16.0) 75 (13.8) 63 (17.1)
C 12 (6.4) 38 (7.0) 33(9.0)
D 5(2.6) 23 (4.2) 7 (1.9)
Promoter —550
L/L 36 (38.3) 141 (51.8) 98 (53.2) LL vs. HL + HH LL vs. HL + HH
H/L 49 (52.1) 108 (39.7) 70 (38.0) 0.01 (0.07) 0.02 (0.14)
H/H 9(9.5) 23 (8.4) 16 (8.7)
Allele
L 121 (64.3) 390 (71.7) 266 (72.2) Lvs.H Lvs.H
H 67 (35.7) 154 (28.3) 102 (27.8) 0.03 (0.21) 0.05 (0.33)
Promoter —221
Y/Y 70 (74.4) 187 (68.7) 132 (71.7) YY vs. YX + XX YY vs. YX + XX
Y/X 21 (22.3) 74 (27.2) 46 (25.0) 0.38 (0.97) 0.63 (0.99)
X/X 331 11 (4.0) 6(3.2)
Allele
Y 161 (85.6) 448 (82.3) 310 (84.2) Yvs X Yvs. X
X 27 (14.4) 96 (17.7) 58 (15.8) 0.39 (0.98) 0.66 (0.99)
Position + 4
P/P 53 (56.3) 131 (48.1) 96 (52.1) PP vs. PQ + QQ PP vs. PQ + QQ
P/Q 36 (38.3) 109 (40.0) 71 (38.5) 0.24 (0.88) 0.51 (0.99)
Q/Q 5(5.3) 32 (11.7) 17 (9.2)
Allele
P 142 (75.5) 371 (68.1) 263 (71.4) Pvs.Q Pvs.Q
Q 46 (24.5) 173 (31.9) 105 (28.6) 0.09 (0.52) 0.30 (0.94)

2 Non-hospitalized versus hospitalized.
b Non-hospitalized versus ICU-ICU: intensive care unit; Pc: corrected P-value (Bonferroni).
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= 0.03, Pc = 0.21), but did not remain significant after multiple testing correction. No association was observed among the other
polymorphisms (Table 2).

The polymorphisms studied are in high linkage disequilibrium. Therefore, we decided to evaluate the distribution of haplotypes
and haplotype pairs, classified according to MBL levels, among the patient groups. A higher frequency of the HYPA haplotype, related
to high MBL levels, was observed in the group of non-hospitalized individuals compared to those hospitalized, but the association did
not remain significant after correction for multiple testing (P = 0.01; Pc = 0.09). No significant association was observed for other
haplotypes or haplotype pairs (Table 3).

3.3. Evaluation of plasma levels of MBL and complement proteins

MBL and complement protein levels were assessed in 231 plasma samples from hospitalized patients (111 ICU and 120 non-ICU)
collected within 24 h of admission. Fig. 1 demonstrates the association between MBL levels (MFI) and the genotypes of the exon 1 and
promoter region of MBL2. The wild-type A/A genotype in exon 1 was associated with higher MBL levels when compared to the A/O or
0/0 genotypes (median, AA: 2907, AO: 460, OO: 59, Kruskal-Wallis, P < 0.0001) (Fig. 1A). Supplementary Fig. 1 demonstrates the
distribution of MBL levels according to exon 1 genotypes stratified by codon (Fig. S1).

Regarding the —550 promoter region, the H/H genotype was associated with higher MBL levels (median, H/H: 3281, H/L: 1642, L/
L: 597, Kruskal-Wallis P = 0.0001) (Fig. 1B). At the —221 position, MBL levels were higher in individuals carrying the Y/X genotype
(median, Y/X: 1687, Y/Y: 1192, X/X: 406, Kruskal-Wallis P = 0.04) (Fig. 1C). Finally, at the +4 position, the highest MBL levels were
observed in individuals carrying the Q/Q genotype (median, Q/Q: 3043, P/Q: 1226, P/P: 892, Kruskal-Wallis P = 0.02) (Fig. 1D).

We then investigated the association of plasma MBL levels according to individual haplotype pairs (Fig. 2A) or grouped according
to high, intermediate, or low levels (Fig. 2B). For both analyses, a significant difference between the groups could be observed
(Kruskal-Wallis P < 0.0001). Additionally, we observed no correlation between MBL levels and components C2, C4b, C5, C5a, factor D,
and factor I (Supplementary Fig. S2). There was also no association between MBL2 genotypes or haplotypes and levels of complement
proteins (data not shown).

3.4. Association of MBL2 haplotypes and clinical worsening in critically ill patients

Since evidence has suggested that MBL2 polymorphisms are associated with COVID-19 complications in critically ill patients, we
decided to check the association of MBL2 haplotypes, classified as high and intermediate/low, with clinical parameters and compli-
cations developed after ICU admission. In line with our findings on the risk of hospitalization, it was shown that haplotypes associated
with high MBL levels were associated with protection against lower oxygen saturation rate (P = 0.02), invasive ventilation use (P =
0.02, OR 0.38, 95 % CI 0.16 to 0.89), and shock (P = 0.01, OR 0.40, 95 % CI 0.19 to 0.83). These associations remained significant after
correction for possible confounding factors in multivariate analysis (Table 4). There was no correlation between plasma MBL levels and
post-admission clinical worsening (data not shown).

4. Discussion

Our results demonstrated that variants in the MBL2 gene associated with high MBL levels may play a protective role on the clinical
course of COVID-19, especially in critically ill patients. Our findings reinforce previous evidence found in European populations and

Table 3

Haplotype analysis of MBL2 polymorphisms in exon 1, -550, -221 and +4 among non-hospitalized and hospitalized individuals.
MBL2 Hospitalized

Non-hospitalized (N = 94/188) Non-ICU (N = 272/544) ICU (N = 184/368) P (Pc) value® P (Pc) value”

Haplotypes
HYPA (s1igh) 62 (33.0) 131 (24.1) 95 (25.8) 0.01 (0.09) 0.07 (0.51)
LYQAnigh) 34 (18.1) 135 (24.8) 72 (19.6) 0.16 (0.82) 0.67 (0.99)
LYPAign) 18 (9.6) 46 (8.5) 40 (10.9) 0.95 (1.00) 0.63 (0.99)
LXPAow) 27 (14.3) 96 (17.6) 58 (15.7) 0.39 (0.99) 0.66 (0.99)
HYPD(yow) 5(2.6) 23 (4.2) 7 (1.9) 0.65 (0.99) 0.55 (0.99)
LYPB(.ow) 30 (16.0) 75 (13.8) 63 (17.1) 0.77 (1.00) 0.72 (0.99)
LYQCow) 12 (6.4) 38 (7.0) 33(9.0) 0.50 (0.99) 0.29 (0.96)
Haplotype Pair*
High 52 (55.3) 147 (54.0) 91 (49.5) 0.58 (0.99) 0.35 (0.98)
Intermediate 32 (34.0) 85 (31.3) 63 (34.2) 0.76 (0.99) 0.97 (1.00)
Low 10 (10.7) 40 (14.7) 30 (16.3) 0.23 (0.92) 0.20 (0.89)

& Non-hospitalized versus hospitalized.

b Non-hospitalized versus ICU.

¢ High: HYPA/HYPA + HYPA/LYPA + HYPA/LYQA + LYPA/LYQA + LYPA/LYPA + LYQA/LYQA + LXPA/HYPA + LXPA/LYQA + LXPA/LYPA;
intermediate: HYPA/HYPD + HYPA/LYPB + HYPA/LYQC + HYPD/LYPA + HYPD/LYQA + LYPA/LYPB + LYPA/LYQC + LYPB/LYQA + LYQA/
LYQC + LXPA/LXPA; low: LXPA/LYPB + LXPA/LYQC + HYPD/LYPB + HYPD/HYPD + LYPB/LYQC + LYPB/LYPB + LYQC/LYQC. ICU: intensive care
unit; Pc: corrected P-value (Bonferroni).
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Data are shown as median and interquartile range. Statistical significance was determined using Kruskal-Wallis test with post hoc Dunn’s test. MFI:
median fluorescence intensity. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Fig. 2. Association of MBL plasma levels and (A) MBL2 haplotype pairs and (B) haplotypes categorized according to high, intermediate, and low
MBL levels (violin plots). Columns represents median and interquartile range. Statistical significance was determined using Kruskal-Wallis test with
post hoc Dunn’s test. MFI: median fluorescence intensity. *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.

bring new data about the role of MBL2 polymorphisms on the risk of complications during hospitalization, including lower oxygen
saturation rates, higher chance of mechanical ventilation use, and higher risk of shock.

Studies investigating the role of polymorphisms in the MBL2 gene in patients with COVID-19 are scarce and show conflicting
results. Stravalaci et al. (2022) [14], investigated 332 individuals with COVID-19 admitted to wards and ICU of two Italian hospitals,
and 1668 healthy individuals with unknown COVID-19 status. They observed a significant lower frequency of the CCGGCC haplotype
(also known as HYPA), associated with high MBL levels, in the group of individuals hospitalized with COVID-19 compared to the
healthy group (OR = 0.78, P = 0.02). Furthermore, they found a significant predisposing effect in individuals carrying two disruptive
alleles among rs5030737, rs1800450, and rs1800451 (O/O genotype). Other studies in small sample populations have associated
polymorphisms in exon 1 with the risk of severe COVID-19 [16-18,20].

In the present study, we also observed a protective effect of the HYPA haplotype and the H variant in the promoter region —550
against the risk of hospitalization. Although the significance was lost after correction for multiple testing, it is important to consider
that multiple testing corrections can also lead to type 2 errors, especially in small sample sizes. In the Italian cohort, with a larger
control group, only a borderline association between HYPA haplotype and hospitalization was found [14].

Hultstrom et al. (2022) [15], evaluating data extracted from summary statistics of the COVID-19 Host Genetics Initiative (HGI), did
not find any significant association between MBL2 polymorphisms and risk of COVID-19 requiring hospitalization or advanced res-
piratory support. On the other hand, they observed a protective effect of MBL2 haplotypes associated with intermediate MBL levels on
the risk of thrombotic complications and pulmonary embolism in 426 Swedish critically ill ICU patients.

We then decided to evaluate whether MBL2 haplotypes, classified according to their influence on MBL levels, would be associated
with clinical worsening in critically ill ICU patients. Although we did not have data on thrombotic events in our cohort, we observed
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Table 4
Association between haplotype pair and complications during ICU hospitalization.
MBL2 haplotype pair Univariate analysis” Multivariate analysis”
High (N =91) Intermediate/Low (N = P value OR (95 % CI) Pvalue OR (95 % CI)
93)
Clinical signs upon hospitalization

Highest heart rate, median, (IQR) 122.0 (37.0) 123.0 (37.5) 0.69 - - -

Highest respiratory rate, median (IQR) 29.0 (11.0) 29.5(10.2) 1.00 - - -

Lowest oxygen saturation (%), median (IQR) 91.0 (7.0) 88.0 (7.2) 0.003 - 0.02 - (0.41-6.59)

Maximum body temperature (°C), median 38.0 (1.3) 38.2(1.4) 0.62 - - -

(IQR)
Complications - -

Invasive ventilation (n, %) 69.0 (75.8) 83 (89.2) 0.01 2.64 0.02 0.38
(1.19-5.82) (0.16-0.89)

Acute kidney injury (n, %) 31(35.2) 38 (43,1) 0.28 1.40 - -
(0.76-2.57)

Shock (n, %) 17 (20.0) 35 (40.2) 0.003 2.69 0.01 0.40
(1.34-5.14) (0.19-0.83)

Cardiorespiratory arrest (n, %) 17 (28.3) 23 (38.9) 0.22 1.62 - -
(0.75-3.48)

Death (n, %) 31 (34.0) 42 (45.6) 0.11 1.63 - -
(0.90-2.95)

& Mann-Whitney test for continuous variables and chi-squared test for categorical variables.
b Adjusted for age, sex, diabetes, hypertension, chronic kidney disease, chronic heart disease, chronic obstructive pulmonary disease, and obesity.
CI: confidence interval; IQR: interquartile range; OR: odds ratio.

that haplotypes related to high MBL levels decreased the risk of complications such as lower oxygen saturation, use of mechanical
ventilation, and shock.

The conflicting results found among the studies can be explained by differences in the frequency of SNPs in MBL2 between the
populations. Interestingly, we demonstrated that variant D (rs5030737) in heterozygosity has a lower impact on MBL levels when
compared to variants B (rs1800450) and C (rs1800451) (Fig. S1). This occurs because the efficacy for variant B and C chains to create
stable triple helixes with A chains, which can oligomerize into higher order structures, seems to be lower than for the D variant chain
[10]. Therefore, it is possible that the antiviral activity of MBL is more compromised in populations where the B and C alleles are more
frequent, than in populations with a higher frequency of the D allele. Additionally, other factors may also explain the different results
among the studies, such as different criteria for defining the study groups, control populations with unknown COVID-19 status, vaccine
status, and circulation of different SARS-CoV-2 strains.

The mechanisms by which MBL acts in the clinical course of COVID-19 are not yet fully understood, but they may be related to a
potential fusion-neutralizing mechanism through competition with C-type lectins, as demonstrated previously with SARS-CoV [11].
Corroborating this hypothesis, a previous study has shown that transmembrane lectins act as attachment receptors for SARS-CoV-2,
facilitating infection via the canonical ACE2 pathway [22]. Although MBL binding to SARS-CoV-2 spike proteins triggers activation
of the complement system via the lectin pathway, in vitro experiments have demonstrated that the antiviral activity of MBL is in-
dependent of complement system activation [14]. Additionally, in the present study we found no association between the levels of MBL
and its polymorphisms with the plasma concentration of complement system proteins, corroborating previous studies in COVID-19 and
dengue [23,24].

The present study has limitations, including the lack of information on other polymorphisms in the MBL2 gene, the lack of data on
MBL levels in non-hospitalized patients, and the lack of a health control group with negative serology for COVID-19. On the other
hand, our strengths include the inclusion of a control group of patients known to be positive for COVID-19 with mild symptoms, the
availability of clinical data after admission, as well as the evaluation of MBL2 polymorphisms in a highly mixed population such as the
Brazilian, which confirms the results found in other countries regarding the role of MBL2 variants in COVID-19.

In summary, our findings suggest that variants associated with high MBL production are associated with protection against COVID-
19 hospitalization and clinical worsening in critically ill patients. Our results confirm previous findings in European populations and
pave the way for new studies evaluating the role of MBL2 polymorphisms in the clinical worsening of patients with severe COVID-19.
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