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Abstract
Background  Mannose-binding lectin (MBL) is a member of innate immunity and acts with MASP (MBL-associated serine 
protease) to activate the lectin pathway of the complement system. MBL gene polymorphisms are associated with suscepti-
bility to infectious diseases. This study investigated whether MBL2 genotype, serum MBL levels, and serum MASP-2 levels 
affect the course of SARS-CoV-2 infection.
Methods and results  Pediatric patients diagnosed with COVID-19 by positive real-time polymerase chain reaction (PCR) 
were included in the study. Single nucleotide polymorphisms in the promoter and exon 1 in the MBL2 gene (rs11003125, 
rs7096206, rs1800450, rs1800451, rs5030737) were identified by a PCR and restriction fragment length polymorphisms 
analysis. Serum MBL and MASP-2 levels were measured by ELISA. COVID-19 patients were divided into asymptomatic 
and symptomatic. Variables were compared between these two groups. A total of 100 children were included in the study. 
The mean age of the patients was 130 ± 67.2 months. Of the patients, 68 (68%) were symptomatic, and 32 (32%) were 
asymptomatic. The polymorphisms in the − 221nt and − 550nt promoter regions did not differ between groups (p > 0.05). 
All codon 52 and codon 57 genotypes were determined as wild-type AA. AB genotypes were found 45.6% in symptomatic 
patients while 23.5% in asymptomatics. Moreover, BB genotype was detected 9.4% in symptomatic and 6.3% in asymptom-
atic patients (p < 0.001). B allele was more frequent in symptomatic patients (46.3%) compared to asymptomatic patients 
(10.9%). (p < 0.001). Serum MBL and MASP-2 levels did not differ statistically between the groups (p = 0.295, p = 0.073).
Conclusion  These findings suggest that codon 54 polymorphism in the MBL2 gene exon-1 region can be associated with the 
symptomatic course of COVID-19.
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Introduction

Coronavirus disease (COVID-19) presents different clini-
cal findings, including acute upper respiratory tract infec-
tion, pneumonia, and gastrointestinal or nervous system 
symptoms. According to the clinical signs, COVID-19 can 
be asymptomatic or symptomatic, with fever, cough, sore 
throat, headache, muscular pain, and diarrhea [1]. Although 
it is known that the clinical course of COVID-19 is milder 
in children than in adults, some patients need intensive care 
due to respiratory failure, while others may not have any 
symptoms [2]. Therefore, many studies focused on under-
standing the clinical, genetic, epigenetic, and demographic 
factors that can affect the course of the disease [3, 4]. It has 
been determined that severe COVID-19 is high in children 
with comorbidities such as obesity, diabetes, heart disease, 
and chronic lung diseases [5]. However, these factors alone 
do not predict the risk of severe COVID-19 in children.

On the other hand, the role of genetic factors in sus-
ceptibility to COVID-19 infection is still unclear. Many 
polymorphism studies have been conducted on the genetic 
mechanisms of critical illness in COVID-19 [6]. Human 
angiotensin-converting enzyme 2 (ACE2) is one of the 
most studied genes that play a role in binding Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) spike 
protein. It was reported that the polymorphisms of the ACE2 
gene could help better understand the pathophysiology and 
clinical outcomes of the patients [7]. Moreover, angiotensin 
system polymorphisms (ACE1, ACE2, AGT, AGTR1) were 
studied and evaluated to show that these polymorphisms 
can be a predictive point for the SARS-CoV-2 infection [8]. 
Another group worked on the association between human 
leukocyte antigen polymorphisms and COVID-19 [9].

Mannose-binding lectin (MBL) is a critical molecule 
function in innate immunity and plays an essential role in 
the primary part of the host defense [10]. MBL binds to 
microbial surfaces and activates the complement system via 
MBL-associated serine protease (MASP)-1 and MASP-2. 
MBL protein is encoded by the MBL2 (OMIM: 154,545) 
gene, located at chromosome 10 [11, 12]. Polymorphism in 
the promoter and coding regions of the MBL gene affects the 
susceptibility of patients to infectious diseases. The asso-
ciation between MBL2 gene polymorphisms and Hepatitis 
B, Hepatitis C, human immunodeficiency virus, and SARS-
CoV has been reported [13–16]. It is known that the expres-
sion of MBL is more important in children than in adults. 
Low serum levels of MBL and low expressed MBL2 gene 
has caused increased infectious diseases [17].

This study aimed to determine the association between 
MBL promoter and codon 52, 54, 57 polymorphisms, serum 
MBL levels, and serum MASP-2 levels with the clinical 
course of the SARS-CoV-2 infection in pediatric patients.

Materials and methods

Study design and study population

This is a cross-sectional study involving patients who 
applied to the pediatric clinic of Izmir Health Sciences Uni-
versity Tepecik Training and Research Hospital suspected 
of COVID-19.

One hundred pediatric patients aged one month to 18 
years diagnosed with COVID-19 in the first wave of the 
pandemic with positive real-time polymerase chain reaction 
(Bio-Speedy SARS CoV-2 double Gene RT-qPCR Kit) and 
agreed to participate in the study were included. The clini-
cal data of the patients, age, gender, and comorbidity were 
obtained from the medical records. Patients were grouped 
into two main groups, symptomatic and asymptomatic, 
and all results were compared between these two groups. 
An informed consent form was obtained from the parents/
guardians of the children before initiating the study.

Genotyping of MBL gene

Genomic DNA extraction

Genomic DNA extraction was performed by Exgene Clinic 
SV mini kit (GeneAll, Korea) from whole blood according 
to the manufacturer’s instructions.

PCR-RFLP analysis

Genotyping of MBL promoter 550 (H/L) and 221 (X/Y) 
variants (rs11003125 and rs7096206) was performed by 
allele-specific PCR. LY, LX, and HY promoter regions 
were amplified in PCR reactions ending with allele-specific 
base primers. Polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) analysis was used 
for genotyping codon 54 (Gly54Asp-rs1800450), codon 
57 (Gly57Glu-rs1800451), and codon 52 (Arg52Cys-
rs5030737) single nucleotide polymorphisms (SNPs) in 
MBL2 gene. Primer pairs used for genotyping were selected 
according to Shawky et al. [18] to amplify template DNA 
(120ng), 2.5 µl buffer, 2 µl MgCl2, 1 µlM of each primer, 
0,5 µl dNTP, 0,25 µl Taq polymerase was added to the reac-
tion mixture with a total volume of 25 µl. PCR conditions 
were as follows: initial denaturation at 94 0 C for 5 min, 30 
cycles of denaturation at 94 0 C for 30 s, annealing at 61 0 C 
for 30 s, extension at 72 0 C for 30 s, followed by a final 
extension at 72 0 C for 5 min. Analysis of the PCR products 
was determined by electrophoresis on 1, 5% agarose gels 
stained with ethidium bromide. The genetic polymorphisms 
in codons 52, 54, and 57 were performed by digestion of 
the PCR products by BanI, MwoI, and MboII, respectively. 
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RFLP results were evaluated according to the fragments 
shown in Table 1.

Measurement of MBL and MASP levels

Peripheral blood was taken from each patient in tubes con-
taining a gel separator and coagulation activator, centrifuged 
at 4500 rpm for 5 min, and separated serums. The human 
MBL and MASP-2 ELISA kits measured serum MBL and 
MASP-2 levels in samples from patients (BT LAB, China). 
The procedures were carried out as directed by the manufac-
turer, and serum MBL and MASP-2 levels were compared 
between groups.

Statistical analysis

We performed the statistical analysis with the statistical 
software SPSS version 24.0 (IBM Corporation, Armonk, 
NY, USA). Demographic and clinical data were analyzed 
descriptively and reported as proportions of total patients. 
The mean ± standard deviation or median and range (mini-
mum value-maximum value) were used depending on 
whether the data were parametric. The categorical data 
used numbers (n) and percentages (%). Numerical data with 
normal distribution were compared with the independent 
groups’ t-test (independent samples t-test). Data not show-
ing normal distribution were compared with the Mann-
Whitney U test. Categorical variables were compared using 
the chi-square test or Fisher’s exact test. Binary logistic 
regression analyses were performed to examine the effects 
of combined genotypes and expression features on the clini-
cal severity of COVID-19 and serum MBL levels. The sta-
tistical significance level was accepted as p < 0.05.

Results

One hundred pediatric patients, 50 (50%) girls and 50 
(50%) boys were included in the study. The mean age of the 
patients was 130 ± 67.2 months. Sixty-eight (68%) patients 
were symptomatic, and 32 (32%) were asymptomatic. Of 
the symptomatic patients, 45 had mild, 22 had moderate, 
and one had severe COVID-19. There were not critically ill 
COVID-19 patients in the study. Most of the patients (88%) 
had no comorbidities. The most common comorbidities 

were asthma (4%), while the others were epilepsy (3%), 
endocrine disorders (3%), hypogammaglobinemia (1%), 
and celiac disease (1%). While there was one patient (8.3%) 
with comorbidity in the asymptomatic patient group, 11 
(91.6%) patients were in the symptomatic group. Of the 
patients included in the study, 16% had COVID-19 pneu-
monia, while 3% required oxygen therapy.

This study analyzed two MBL promoters and three exons 
1 polymorphisms. At promoter regions, the allele frequen-
cies of -550 (H/L) and − 221 (X/Y) were evaluated accord-
ing to the symptomatic and asymptomatic patients and 
shown in Table 2. Table 3 demonstrated the frequency of 
promoter haplotypes between symptomatic and asymptom-
atic patients. There was no significant difference between 
these two groups (All p > 0.05). One rare haplotype HX was 
not considered.

The alleles of the codons 52, 54, and 57 were determined 
by the RFLP method using the restriction enzymes MwoI, 
BanI, and MboII, respectively. The results were evaluated 
according to Fig. 1. All codon 52 and codon 57 genotypes 
were determined as wild-type homozygote AA. At the same 
time, both wild (A) and mutant alleles (B) were evaluated 
for codon 54 according to the RFLP results and shown in 
Table 4.

It was evaluated that AB and BB genotypes were 
detected more in symptomatic patients (45.6% and 23.5%) 
than in asymptomatic (9.4% and 6.3%) (p < 0.001). Accord-
ing to allele frequencies, the B allele was found to be more 

Table 2  Frequency of MBL gene promoter polymorphisms
Position Variant allele Asymptomatic

n = 64 (%)
Symptomatic
n = 136 (%)

p

-550 H 23 (35.9) 62 (45.6) 0.198
L 41(64.1) 74 (54.4)

-221 X 18 (28.1) 35 (25.7) 0.721
Y 46 (71.9) 101 (74.3)

Table 3  Promoter haplotype frequency among symptomatic and 
asymptomatic patients

HY
n (%)

LY
n (%)

LX
n (%)

Asymptomatic 19 (24.8) 17 (34.7) 13 (30.2)
Symptomatic 48 (71.6) 32 (65.3) 30 (69.8)
p 0.266 0.571 0.742
Total 67 49 43

Enzyme Polymorphism RFLP condition Wild-type 
homozygous 
W/W (bp)

Mutant 
homozygous 
M/M (bp)

Wild mutant
heterozygous
W/M (bp)

BanI Gly54Asp (rs1800450) 4 h at 37 °C 245 + 84 329 329 + 245 + 84
MboII Gly57Glu (rs1800451) 4 h at 37 °C 329 212 + 117 329 + 212 + 117
MwoI Arg52Cys (rs5030737) overnight at 

37 °C
236 + 93 329 329 + 236 + 93

Table 1  Enzymes and fragments 
of RFLP genotyping
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mutant homozygotic alleles were included, respectively. 
When we combined the HY, LY, and LX promoter haplo-
types with codon 54 polymorphisms as A (wild type) and B 
(mutant type), we obtained six genotypes shown in Table 7. 
In a preliminary study, these alleles were associated with 
promoter expression levels as high, medium, and low [18].

According to the multivariate analysis, YA/YA, YA/B, 
and B/B genotypes were found significantly different 
between asymptomatic and symptomatic patients (p < 0.05), 
while YA/XA, XA/XA, and XA/B genotypes were not 
(p > 0.05). But there was no association between combined 
genotypes and serum MBL levels.

Discussion

MBL is a serum protein that mainly has a role in the innate 
immune response by binding the surface of the microorgan-
isms and activating the complement system [10]. While 
MBL distinguishes the ligands of the microorganisms, 
MASP-2 can be activated and starts an antibody-dependent 
pathway of the complement system [11]. A recent study 
reported that MBL recognized the SARS-CoV-2 spike 

frequent in symptomatic patients (46.3%) than in asymp-
tomatic patients (10.9%) (p < 0,001).

Serum MBL and MASP levels were determined by 
ELISA, and the results were evaluated according to symp-
tomatic and asymptomatic patients, as shown in Table  5. 
There was no statistically significant difference between 
groups (p = 0,295; p = 0,073). The association between 
codon 54 polymorphism and serum MBL and MASP-2 lev-
els were shown in Table 6. However, no statistically signifi-
cant correlation was detected (p = 0,575; p = 0,904).

Both codon and promoter polymorphisms and combined 
genotypes can affect serum MBL levels. We divided the 
haplotypes into A/A, A/B, and B/B groups in which wild-
type homozygous and wild/mutant heterozygous or mutant/

Table 4  Genotypes of codon 54
Genotypes Asymptomatic

n = 32 (%)
Symptomatic
n = 68 (%)

p

AA 27 (84.4) 21 (30.9) < 0.001
AB 3 (9.4) 31 (45.6)
BB 2 (6.3) 16 (23.5)
Alleles n = 64 (%) n = 136 (%) < 0.001
A 57 (89.1) 73 (53.7)
B 7 (10.9) 63 (46.3)

Codon 54 Genotypes
AA AB BB p

MBL [mean (SD), ng/ml] 3.46 ± 1.35 3.54 ± 1.34 3.22 ± 0.76 0.575
MASP-2 [mean (SD), ng/ml] 93.45 ± 85.95 72.00 ± 12.72 77.14 ± 36.93 0.904

Table 6  Serum MBL and 
MASP-2 levels, according to the 
Codon 54 polymorphisms

 

Clinical features of the patients
Asymptomatic Symptomatic p

MBL [mean (SD), ng/ml] 3.53 ± 1.52 3.40 ± 1.11 0.295
MASP-2 [mean (SD), ng/ml] 96.41 ± 96.68 88.95 ± 59.73 0.073

Table 5  Serum MBL and 
MASP-2 levels according to the 
clinical features of the patients

 

Fig. 1  Assessment of the RFLP results in agarose gel electrophoresis
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common in symptomatic patients. Previous studies showed 
that the B allele was significantly associated with suscepti-
bility to SARS-CoV infection [16, 27, 28]. However, Yuan 
et al. showed no correlation between SARS infection and B 
alleles [29]. Considering SARS-CoV-2, Medetalibeyoglu et 
al. reported that the BB genotype in COVID-19 cases was 
detected more than in controls [30]. Moreover, they said that 
BB or AB genotypes were higher risk factors for patients 
that need intensive care [30]. Similarly, Speletas et al. found 
that patients carrying the B allele required more frequent 
hospitalization due to pneumonia requiring supplemental 
oxygen administration [26]. A recent review reported that 
B allele frequencies were associated with the number of 
COVID-19 cases and deaths per country [31].

Contrary to these studies, in one study, the incidence of 
AB genotype and B allele was higher in healthy individuals 
and patients with SARS-CoV-2 PCR positive but without 
lung involvement [32]. In another study, no difference was 
found in codon 54 polymorphism in individuals who were 
healthy and infected with SARS-CoV-2 [19].

Both promoter and codon polymorphisms can control 
serum MBL levels [21]. In our study, combinations of gen-
otypes were divided into groups responsible for the high, 
medium, and low serum MBL levels. According to these 
results, YA/YA, YA/B, and B/B genotypes were detected 
significantly more in symptomatic patients than in asymp-
tomatic patients. This can be due to the codon 54 B allele 
that symptomatic patients mostly had. However, the geno-
types did not affect mean serum MBL levels, and there was 
no difference between the symptomatic and asymptomatic 
patients. According to our results, mean serum MBL levels 
were not affected by the haplotypes, and a preliminary study 
confirmed this data [33]. Many studies have also underlined 
that serum MBL levels are affected by factors such as age, 
oxidative stress, vitamin D levels, and diet [34, 35].

MASP-2 is associated with the serum levels of the MBL, 
and lectin complements the MBL-MASP complex have a 
role together [11]. This is a protease enzyme encoded by 

protein and showed antiviral activity against the virus in 
vitro [19].

The MBL2 gene is located on chromosome 10, and serum 
MBL concentrations mainly depend on the two promoter 
polymorphisms at -550 (H/L) and − 221 (X/Y) regions [20]. 
According to these polymorphisms, the haplotype vari-
ants are maintained as HY, LY, and LX, associated with 
the high, medium, and low expression profiles of the MBL 
gene, respectively [20]. Moreover, three polymorphisms on 
codons 52, 54, and 57 were determined, while the wild-type 
allele, referred to as A, D, B, and C alleles, were used to 
show 52-Arg/Cys, 54-Gly/Asp, 57-Gly/Glu polymorphisms 
[20, 21]. It was reported that these variants could vary due 
to different populations, and the allele frequencies could be 
different [22]. Glesse et al. observed that HY haplotypes 
were detected more frequently than other haplotypes in 
the African population [23]. Therefore, the most restricted 
part of the polymorphism studies is the ethnic origins of the 
population groups.

It was shown that MBL gene mutations were frequently 
detected in pediatric patients with respiratory system infec-
tions [24, 25]. Although several studies demonstrated an 
association between MBL polymorphism, serum concentra-
tion, and viral infections, no published data includes SARS-
CoV-2-infected children. Therefore, this is the first study 
to determine the association between MBL gene polymor-
phisms and the clinical severity of the SARS-CoV-2 infec-
tion in the Turkish pediatric population.

Our results showed no statistically significant difference 
in the frequency of H, L, X, and Y variant alleles and hap-
lotypes of the promoter region between the asymptomatic 
and symptomatic groups. Likewise, it has been established 
that there was no association between MBL2 promoter poly-
morphisms and both clinical severity and susceptibility to 
COVID-19 [19, 26].

In this study we demonstrated that the codon 54 geno-
types AB and BB were more frequent in symptomatic 
patients than in asymptomatic patients. B allele was more 

Table 7  Combined genotypes, expression features and clinical status
Genotypes Features Asymp.

n = 32 (%)
Symp.
n = 68 (%)

p Mean serum
MBL levels (ng/ml)

A/A group
Two wild alleles
YA/YA High-expression promoter 18 (56.3) 10 (14.7) 0.028 3.43
YA/XA High-expression promoter

Low-expression promoter
6 (18.8) 7 (10.3) 0.069 3.48

XA/XA Low expression promoter 3 (9.4) 4 (5.9) 0.215 3.39
 A/B group
One wild, one mutant allele
YA/B High-expression promoter 2 (6.2) 30 (44.1) 0.01 3.44
XA/B Low-expression promoter 1 (3.1) 1 (1.5) 0.15 3.19
B/B Two defective alleles 2 (6.2) 16 (23.5) 0.007 3.47
Asymp: asymptomatic, Symp: symptomatic
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the study.
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the MASP-2 gene in viral infections like hepatitis C and 
increasing levels of MASP-2 were reported [36]. However, 
Wang et al. found no correlation between polymorphisms of 
MASP-2 and coronavirus infection [37]. Our study detected 
no association between serum MASP-2 levels and symp-
tomatic and asymptomatic patients. Moreover, no signifi-
cant relation was found between codon 54 genotypes and 
serum MASP-2 levels. It is known that several clinical fac-
tors can affect serum protein levels. Therefore, further stud-
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Our results showed that MBL2 polymorphisms on exon 
1 or promoter region could not explain serum MBL, and 
MASP-2 levels of SARS-CoV-2 infected children. Allele 
frequencies and combined haplotypes should be analyzed to 
determine the clinical severity of COVID-19-infected pedi-
atric patients.

Our study had some limitations. The essential limit was 
the size of the subject. Therefore, we could not evaluate the 
patients according to the severity of the symptoms.

Conclusion

MBL gene codon 54 B allele variant was detected more in 
symptomatic pediatric patients when compared with asymp-
tomatic pediatric patients. There can be a possible interac-
tion with MBL genotypes containing the B allele, indicating 
that it could be used as a molecular biomarker in pediatric 
COVID-19 patients.
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