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SIGNIFICANCE
Atopic dermatitis is a chronic inflammatory skin disease. 
Mannose-binding lectin is part of the innate immune sys-
tem, participating in defence against skin microbes. The 
aim of this study was to investigate how genes coding for 
mannose-binding lectin affect the course of atopic derma-
titis and the sensitization to skin microbes commonly pre-
sent on the skin. This study shows that mannose-binding 
lectin gene polymorphism was associated with increased 
sensitization to Candida in a cohort of patients with atopic 
dermatitis. Sensitization to skin microbes in patients with 
atopic dermatitis may aggravate the disease.
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Atopic dermatitis is a relapsing inflammatory skin con-
dition, in which bacteria, fungi and viruses may colo-
nize the skin and aggravate the condition. Mannose-
binding lectin is part of the innate immune system. 
Polymorphism in the mannose-binding lectin gene can 
result in deficiency of mannose-binding lectin, which 
may affect defence against microbes. The aim of this 
study was to investigate whether polymorphisms in 
the mannose-binding lectin gene affect the extent of 
sensitization to common skin microbes, the skin bar-
rier function, or the severity of the disease in a cohort 
of patients with atopic dermatitis. Genetic testing of 
mannose-binding lectin polymorphism was performed 
in 60 patients with atopic dermatitis. The disease se-
verity, skin barrier function, and serum levels of speci-
fic immunoglobulin E against skin microbes were me-
asured. In patients with low mannose-binding lectin 
genotype (group 1) 6 of 8 (75%) were sensitized to 
Candida albicans, compared to 14 of 22 (63.6%) pa-
tients with intermediate mannose-binding genotype  
(group 2) and 10 of 30 (33.3%) patients with high 
mannose-binding genotype (group 3). Group 1 (low 
mannose-binding lectin) was more likely to be sensiti-
zed to Candida albicans compared with group 3 (high 
mannose-binding lectin) (odds ratio 6.34, p-value 
0.045). In this cohort of patients with atopic dermati-
tis, mannose-binding lectin deficiency was associated 
with increased sensitization to Candida albicans. 

Key words: atopic dermatitis; mannose binding lectin; sensiti-
zation immunological; Candida albicans.
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Atopic dermatitis (AD) is a chronic inflammatory 
skin condition characterized by dry skin and it-

ching. The pathogenesis of AD involves defects in the 
skin barrier, and impaired innate and adaptive immunity. 
Environmental factors can also affect the severity of AD 
(1). Patients with AD have an increased susceptibility 
to cutaneous colonization and infection with bacteria, 

fungi and viruses. Approximately 90% of patients with 
AD are colonized with Staphylococcus aureus (S. aureus), 
which, once present on the skin, can mediate multiple 
inflammatory cascades and induce immunoglobulin E 
(IgE)-specific responses (2). These IgE levels have 
been shown to correspond with disease severity (3, 
4). Candida albicans (C. albicans) is a member of the 
normal microbiota of the mucous membranes and may 
also colonize the skin. Candida species have been isola-
ted more commonly from the skin of patients with AD 
compared with those with psoriasis and healthy control 
subjects (5). Excessive growth of yeasts or inappropriate 
host immunoreactivity may cause skin disorders, such as 
pityriasis versicolor, folliculitis and seborrhoeic disease. 
The yeasts Malassezia and C. albicans may aggravate 
the disease due to an allergic reaction, particularly in 
the head and neck type of AD (6, 7). Specific IgE to C. 
albicans is shown to be more frequent in patients with 
AD compared to healthy controls (8). Treatment with 
systemic ketoconazole in patients with AD has shown a 
significant decrease in specific IgE to Malassezia and C. 
albicans, as well as a decrease in disease activity (9, 10).

Mannose-binding lectin (MBL) is an acute phase 
reactant produced by the liver, and is an important com-
ponent of the innate immunity. MBL recognizes specific 
sugar combinations that occur on the surface of many 
pathogens, which leads to opsonization, phagocytosis and 
complement activation (11–13). MBL is encoded by a 
gene located on chromosome 10, in which several poly-
morphisms are present. Polymorphism of the structural 
MBL gene and the associated promotor region result in 
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failure to assemble functional protein and serum MBL-
deficiency (14, 15). Low levels of MBL in serum due to 
genetic variations are found to be 10-15% (13–15). The 
condition has been associated with autoimmune diseases 
and increased susceptibility to infections under certain 
circumstances (15). MBL has been shown to play a part 
in our defence against Candida species (16, 17). 

The role of MBL in dermatological disease is sparsely 
investigated, and there are conflicting reports on the as-
sociation between polymorphism of the MBL gene and 
AD.Brandão et al. (18) demonstrated that the MBL allelic 
variants responsible for defective MBL protein levels 
were significantly more common in children with AD 
than in healthy adults. Carrera et al found that children 
with AD had a significantly higher frequency of variant 
alleles coding for deficient production of MBL compared 
with a healthy control group, but the variant alleles were 
not associated with severity of AD (19). Hashimoto et 
al. did not find any associations between MBL polymor-
phisms and AD (20). 

This study aimed to investigate the role of MBL 
polymorphism in AD in relation to sensitization to skin 
microbes. A further aim was analyse whether MBL 
polymorphisms in patients with AD correlated with 
disease severity or a disrupted skin barrier function. A 
disrupted skin barrier function in AD skin results in in-
creased transepidermal water loss (TEWL) and correlates 
with increased severity of AD (21, 22).

MATERIALS AND METHODS

Subjects

A total of 65 adult patients with AD were recruited when visiting 
the Dermatology Clinic in Lund, Skåne University Hospital, 
Sweden, between 2011 and 2014. Diagnosis was verified using 
the diagnostic criteria for AD (23, 24). It was possible to perform 
genetic testing for MBL polymorphism in 60 patients, and the 
remaining 5 were excluded from further analyses in the study 
(see Appendix S1).

Immunological analyses and serum analyses of mannose-binding 
lectin

Sensitization to skin-associated microorganisms was measured. 
Specific IgE ≥ 0.35k U/L was considered positive. MBL serum 
concentrations were analysed. MBL < 100 µg/l was considered 
MBL deficiency (see Appendix S1).

Mannose-binding lectin gene polymorphism

Variants of MBL due to mutations at codon 52 (D), 54 (B), and 
57 (C) in exon 1 of the MBL structural gene and promoter vari-
ants at position –550 (H/L) and –221 (X/Y) were determined by 
allele-specific PCR amplification. The wild-type structural allele 
is designated A, while 0 is a description of the mutant alleles B, C 
and D. Based on previously described associations between MBL 
genotype and MBL serum concentrations, which were confirmed 
in 200 healthy controls, the MBL genotypes were divided into 3 
groups (14, 15, 25, 26). Group 1 (low MBL) comprised patients 
with 2 structural mutant alleles (0/0) or on 1 haplotype a structural 

mutant allele together with another haplotype containing an LX 
promoter and the wild-type structural allele (ALX/0) and were 
expected to have serum MBL deficiency. Group 2 (intermediate 
MBL) comprised patients with the promoter LX conferring low 
serum MBL on both haplotypes but with normal structural alleles 
(ALX/ALX), or, alternatively, haplotypes with 1 mutant and 1 
wild-type structural allele with a non-LX promoter together with 
the wild-type allele. Group 3 (high MBL) included patients with 
the A/A genotype and at least 1 non-LX promoter. Groups 2 and 
3 were expected to have no serum MBL deficiency (15, 25, 26)  
(see Appendix S1).

Transepidermal water loss

TEWL was measured as described previously (27) (see Appendix S1).

Assessment of disease severity

Disease severity of AD was determined (28, 29) (see Appendix S1).

Statistical analysis 

See Appendix S1.

RESULTS

Characteristics of the patients with atopic dermatitis, 
mannose-binding lectin polymorphism and correlating 
mannose-binding lectin groups
Genetic testing for MBL gene polymorphism was per-
formed in 60 patients. The patients were divided into 
3 groups according to their MBL polymorphism status 
(Table SI). Eight patients fulfilled the criteria of group 
1 (low MBL), considered to have a MBL deficiency. 
Twenty-two patients were placed in group 2 (intermediate 
MBL), while 30 patients met the criteria for group 3 (high 
MBL). The frequency of a MBL genotype associated 
with serum MBL deficiency (low MBL) was 13% (8/60). 
There were more women in comparison with men in all 
groups; however, the proportion of women in the MBL 
groups was equally distributed. There was a wide range 
of total IgE in all groups. The MBL groups were similar 
in TEWL. Group 1 (low MBL) had a SCORing Atopic 
Dermatitis (SCORAD) median of 26, and group 2 (inter-
mediate MBL) and group 3 (high MBL) had a SCORAD 
median of 33.5 and 27, respectively. The prevalence of 
head and neck dermatitis was 87.5% in group 1 (low 
MBL), 77% in group 2 (intermediate MBL) and 60% 
group 3 (high MBL) (Tables SII and SIV). 

Mannose-binding lectin genotype groups and correlating 
MBL serum concentrations 
As expected, the patients in group 1 (low MBL) showed 
MBL deficiency, even though 1 patient with the poly-
morphism ALX DHY had a MBL serum concentration 
> 100 µg/L. In group 2 (intermediate MBL) and group 3 
(high MBL) the median values of MBL serum concen-
trations showed no MBL deficiency, although 3 patients 
with the polymorphism AHY BLY and 1 patient with 
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genotype ALY BLY had serum concentrations of MBL 
< 100 µg/l (Fig. 1).

Mannose-binding lectin genotype groups and sensitiza-
tion to Candida albicans
The results showed a patient frequency with IgE sensiti-
vity to C. albicans of 75% (6/8) in group 1 (low MBL), 
63.6% (14/22) in the group 2 (intermediate MBL) and 
33.3% (10/30) in the group 3 (high MBL) (Table SII). 
There was a significant difference between the different 
MBL groups concerning sensitization to C. albicans 
(p - value 0.031, Table I). However, the result of serum-
specific IgE sensitization to the other skin-associated 
microorganisms showed no differences between the 
MBL groups (Table SIII). To further investigate the as-

soction between group 1 (low MBL) and sensitization to 
C. albicans, logistic regression models were constructed 
(Table II). The results revealed that AD patients in group 
1 (low MBL) were 6 times more likely to be sensitized 
to C. albicans compared with group 3 (high MBL) (odds 
ratio (OR) = 6.00 unadjusted for age and sex, p-value 
0.047) (Table II). This was also the case when adjusted 
for age and sex (OR = 6.34, p-value 0.045). Moreover, 
it was 22 times more likely that the group with a severe 
disease (SCORAD > 50) was sensitized to C. albicans 
compared with the group with a less severe disease 
(SCORAD < 25) (Table II).

DISCUSSION

This study characterized a cohort of patient with AD 
concerning their MBL genotypes and the associations 
with sensitization to skin microbes that often colonize 
the skin. The results indicate that MBL genotypes consi-
dered to result in MBL deficiency were associated with 
sensitization to C. albicans, but not to any other of the 
investigated skin microbes (S. aureus, Malassezia). One 
hypothesis for this might be the role MBL play in the 
innate immunity and in the defence against C. albicans 
(11, 13, 16, 17). Speculatively, patients with AD and 
MBL deficiency may be more prone to be colonized with 
C. albicans and, hence, as a result, might have a higher 
frequency of sensitization to C. albicans. However, the 
frequency of skin colonization with C. albicans was 
not studied in this cohort. AD is a genetically complex 
disease in which impaired innate immunity plays a sig-
nificant part and these results could be of interest for the 
group of patients with AD with head and neck dermatitis 
in whom colonization with fungi is more frequent.

Table I. Difference between patients sensitized to C. albicans 
and non-sensitized patients in terms of mannose-binding lectin 
(MBL) groups, SCORing Atopic Dermatitis (SCORAD), sex, age and 
transepidermal water loss (TEWL) 

C. albicans

Patients not 
sensitized to 
C. albicans

Patients sensitized 
to C. albicans p-value

MBL group 0.031
 Group 1 (low MBL) 25.00 (2/8) 75.00 (6/8)
 Group 2 (intermediate MBL) 36.36 (8/22) 63.64 (14/22)
 Group 3 (high MBL) 63.64 (20/30) 33.33 (10/30)
SCORAD 0.001
 <25 79.17 (19/24) 20.83 (5/24)
 25–50 33.33 (7/21) 66.67 (14/21)
 >50 26.67 (4/15) 73.33 (11/15)
Sex 0.791
 Female 48.65 (18/37) 51.35 (19/37)
 Male 52.17 (12/23) 47.83 (11/23)
Age, years 31.67 (12.48) 37.37 (14.69) 0.111
TEWL, g/m2/h 15.67 (8.41) 19.51 (15.10) 0.228

Categorical variables presented as percentage, continuous variables presented 
as mean (standard deviation). There was a significant difference between the 
different MBL genotypes concerning sensitization to C. albicans. 

Fig. 1. Mannose-binding lectin (MBL) serum 
concentrations according to MBL genotype. 
Black dots indicate the median MBL concentrations 
for each MBL genotype, which are also printed 
out in the figure. Each individual MBL serum 
concentration is represented as white dot and 
the range is shown as a longitudinal line. The MBL 
genotypes are explained in Table SI.
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Patients with severe AD can have high levels of total 
IgE and sensitization to numerous allergens, detected 
by the ImmunoCAP™ system (Phadia AB, Uppsala, 
Sweden), in which a positive specific IgE may be less 
clinically relevant. The threshold for positive allergen-
specific IgE in this study was set at > 0.35kU/l which 
could be considered a low cut-off value. However, based 
at international consensus for allergen-specific IgE test, 
a value of > 0.35kU/l as cut-off was used. Moreover, 
of the 30 patients who were sensitized to C. albicans, 
only 3 patients had CAP class I and the rest had CAP 
class II or higher, suggesting that the senitization had 
an clinical impact (Table SIV). The association in this 
cohort between group 1 (low MBL) and sensitization to 
C. albicans might be an epiphenomenon. However, in 
this cohort, group 1 (low MBL) was associated only with 
IgE sensitization to C albicans, and not to any other skin 
microbes, suggesting that the MBL gene polymorphism 
might be of importance. 

Carrera et al. (19) concluded that low or deficient 
MBL serum levels determined genetically may contri-
bute to the predisposition for AD, but not for disease 
severity. When the role of MBL genotype on disease 
severity, measured as SCORAD, and barrier function, 
measured as TEWL, were investigated in this cohort, no 
significant influence of MBL polymorphism on TEWL 
and SCORAD was observed. However, the number of 
patients in this cohort was limited and further studies are 
warranted to study the role of MBL gene polymorphism 
in severity of AD. 

The interplay between the polymorphism of the MBL 
gene in the structural and promotor regions and the ef-
fect on MBL serum concentrations has been studied in 
different ethnicities (14, 15). In this Swedish cohort of 
patients with AD, the classification of MBL genotypes 
was based on a Swedish control group of 200 individu-
als (15). The MBL genotypes were categorized into 3 
groups as previously performed by Jönsen et al. (25, 26), 

in which group 1 (low MBL) was expected to be MBL 
deficient and group 2 (intermediate MBL) and group 3 
(high MBL) were considered to be MBL sufficient. In 
this cohort of patients with AD, the prevalence of MBL 
genotypes with considered association with MBL defi-
ciency was 13% (8/60). Within the same genotype there 
was a range of serum MBL concentration, as described 
previously (14, 15). This makes the classification of the 
MBL genotypes challenging and highlights the need for 
further studies of the MBL gene. 

The pathogenesis of AD involves several factors, 
which include innate immunity as an important part. 
Therefore, further studies are warranted to study the role 
of MBL in the context of AD, and association with the 
skin microbiota.
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