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The significance of allergen-specific IgE as marker for 
severity of atopic dermatitis is controversial. The aim of 
this study was to determine the frequency of IgE-media-
ted sensitisation to food and environmental allergens in 
132 children and 67 adults with atopic dermatitis, and its 
correlation to severity of atopic dermatitis (SCORAD). 
Total IgE was elevated (> 100 kU/l) in 79.7% of adults 
and 46.8% of children. Sensitisation frequencies to aller-
gens, particularly microbial allergens, were up to 10-fold 
higher in adults compared to children. Severity of atopic 
dermatitis correlated with elevated total IgE in adults 
(r = 0.549, p < 0.001) and children (r = 0.344, p = 0.005) 
and with Malassezia spp.-specific IgE in adults (r = 0.429, 
p = 0.007). Total IgE is a marker for severe atopic derma-
titis in both age groups. Malassezia spp.-specific IgE is an 
important allergen-specific marker for severity of atopic 
dermatitis in adults. Key words: Malassezia spp.; atopic 

dermatitis; allergen-specific IgE; SCORAD.
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Atopic dermatitis (AD) is a chronic fluctuating, in-

flammatory skin disease with an onset usually in early 
childhood (1). Within a few years, 30–60% of children 

develop atopic diseases of other organ systems, such as 

the lungs, the gastrointestinal tract, the respiratory tract, 

or the conjunctives; a sequence referred to as ‘atopic 

march’ (2). Allergens are supposed to play a role in the 

development of AD, because the impaired skin barrier 
in AD patients facilitates the allergen penetration th-

rough the skin and their subsequent recognition by the 
immune system. This results in an enhanced release of 

cytokines (interleukin (IL)-1b, IL-4, IL-5, IL-13, IL-18), 
inflammasome activation, and increased production of 
immunoglobulin E (IgE) (3, 4). Recent findings seem to 
substantiate the pathogenic role of IgE in AD owing to 
activation of the high-affinity Fce-receptor 1 on dendritic 
cells, activation of T cells, antigen-presenting cells and 

keratinocytes, and induction of histamine release with 

initiation of the itch-scratch-cycle (1, 5). Accordingly, 

some studies show a significant correlation between total 
IgE levels and the severity of AD (6). 

However, the correlation between allergen-specific 
IgE and AD severity is less clear and it is controversial 
whether IgE-mediated sensitisation to allergens plays 
a major role in AD (4). For example, about 50% of 
children with AD do not have elevated total IgE or 
any allergen-specific IgE sensitisation within the first 
2 years of age (7, 8), i.e. an age at which at least 60% 

of AD cases start (1). Also, 12–37% of adults with 

manifested AD do not have elevated IgE serum levels, 
depending on the geographic region (9, 10). Further-
more, symptoms in patients with very high IgE levels 
do not necessarily improve after treatment with anti-IgE 
antibodies (11). Therefore, we conducted this study to 

elucidate the role of IgE-mediated sensitisation to al-
lergens as serological marker for the severity of AD. We 
correlated the levels of total IgE and allergen-specific 
IgE against common food- and environmental allergens 
to the severity of AD in adults and children.

MATERIAL AND METHODS

Patients

This study was approved by the ethical committee of the 
University Hospital Schleswig Holstein, all patients/parents 
of affected children gave informed consent to participate. We 
assessed 199 patients (132 children, 67 adults) with AD seen at 
the Department of Dermatology, University Hospital Schleswig 
Holstein, Campus Kiel, Germany. The diagnosis of AD was 
confirmed by a board-certified dermatologist according to 
the criteria of Hanifin & Rajka (12), by the patient’s history 
and histopathology in ambiguous cases. Clinical parameters 
of patients including age, gender, and severity of eczema, as 
well as the status of filaggrin mutations were retrospectively 
obtained from patient files. Scoring of AD severity and blood 
sampling to determine IgE levels were performed at the same 
visit. At this visit patients did not receive any treatment other 
than emollients in some cases.

Assessment of atopic dermatitis severity

The severity of AD was assessed using SCORing Atopic Der-
matitis (SCORAD) index. This score considered (i) the extent 
of atopic eczema; (ii) the intensity of eczema, i.e. redness, swel-
ling, oozing, scratch marks, lichenification, and dryness; and 
(iii) subjective symptoms of AD patients including itching and 
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sleeplessness. A SCORAD < 25 indicated mild AD, a SCORAD 
between 25 and 50 indicated moderate AD, and a SCORAD 
> 50 (with a maximum index of 103) indicated severe AD (13). 

Testing of IgE antibodies

Serum samples from patients were collected during visits and 
stored at –30°C until analysis. All samples were analysed 
together for the presence of total IgE antibodies and allergen-
specific IgE antibodies using ImmunoCAP, a fluorescence 
enzyme immunosorbent assay, according to the manufacturer’s 
instructions (Phadia, Freiburg, Germany). The following aller-
gen-specific IgE antibodies were analysed: (i) food allergens: 
screening with multitest (ImmunoCAP code fx5, containing 
egg white, cow’s milk, cod, wheat, peanut, soybean); (ii) envi-
ronmental allergens: screening with multitest (sx1, containing 
Dermatophagoides pteronyssinus, cat dander, dog dander, timo-
thy grass, cultivated rye, Cladosporium herbarum, birch pollen, 
mugwort), birch pollen (t3), hazel pollen (t4), D. pteronyssinus 
(d1), D. farinae (d2), cat dander (e1), dog dander (e5), Malas-
sezia spp. (m70), Alternaria alternata (m6), Candida albicans 
(m5), C. herbarum (m2), and S. aureus enterotoxin A (m80). 
IgE antibodies specific to fungal allergens and staphylococcal 
enterotoxin A were analysed at the Allergy Unit, Department 
of Dermatology zurich, Switzerland. The other IgE antibodies 
were analysed at the Department of Dermatology in Kiel, Ger-
many. An ImmunoCAP class ≥ 2 (> 0.70 ku/l) was considered 
to demonstrate sensitisation to the respective antigen.

Statistics

Patients were allocated to 2 groups according their age: (i) 
children, 0–6 years of age, and (ii) adults, > 18 years of age. The 
results of IgE analysis (total and specific IgE) were matched with 
patient-related parameters (gender, age, head–neck type eczema, 
SCORAD, filaggrin mutation) in a database where patients were 
identifiable by number and initials. After descriptive statistics, 
a Gaussian distribution of scale variables was excluded by 
Kolmogorow-Smirnow and Shapiro-Wilk tests. Correlations bet-
ween SCORAD and parameters were analysed by Spearman-Rho 
(age, total IgE, specific IgE) and Kendall-Tau-b tests (specific 
IgE). For allergen-specific IgE antibodies, only p-values ≤ 0.05 
in both Spearman-Rho and Kendall Tau-b test were considered 
to be significant. Correlations between head–neck type AD and 
age, gender, total IgE and Malassezia spp.-specific IgE were 
calculated by Chi-square-test or Mann-Whitney-test. p-values 
≤ 0.05 (2-sided) were considered to be significant.

RESuLTS

Patients

The clinical characteristics of patients in both age 

groups are summarised in Table I. Briefly, 132 children 
between 9 months and 6 years of age and 67 adults 

between 19 and 51 years of age were investigated in 

our study. The severity of eczema was comparable in 

both age groups (p = 0.32). The majority of childhood 

and adult patients was diagnosed with mild to moderate 

eczema, reflected by a median SCORAD of 26 and 
25, respectively. An elevated concentration of total 

serum IgE (> 100 ku/l) was found more frequently in 
adults than in children (p = 0.018). The level of total 

IgE increased with the age of children (p = 0.011) but 

not with that of adults (p = 0.79) (data not shown). A 

similar ratio of patients in both age groups had AD of 

the head–neck type.

Correlation between clinical parameter and IgE-

mediated sensitisation

Sensitisation to Malassezia spp. correlated with a hig-

her SCORAD in adults (p = 0.007, r = 0.429) but not 

in children (Table II). Higher total IgE was a marker 
for more severe AD in adults (p<0.001, r = 0.549) 

Table I. Characteristics of study patients

Children 

n = 132

Adults 

 n = 67

Age, years, median (range) 3.4 (0.76–6.1) 27 (19–51)

Male:Female 82:50 30:37

SCORAD, median (range) 26 (6.0–78.5) 25 (3.5–64.5)

Categorised SCORAD, patients, %
  < 25 (Mild atopic dermatitis) 
  25–50 (Moderate atopic dermatitis)

  > 50 (Severe atopic dermatitis)

39.1

45

15.9

43.2

47.7

9.1

Head-neck type eczema, % 69 62

Total serum IgE elevated (> 100 ku/l), % 46.8 79.7*

*p = 0.018.

Table II. Correlation between total IgE or allergen-specific IgE and severity of atopic dermatitis (SCORAD) in children and adults

Children Adults

Allergen Patients, n

Correlation 

coefficienta p-value Patients, n

Correlation 

coefficienta p-value

Total IgE 65 0.34 0.005 41 0.55 < 0.001
Birch pollen 19 0.45 0.06 18 –0.02 0.95

Hazel pollen 15 –0.03 0.92 19 0.38 0.06

D. pteronyssinus 35 0.05 0.78 23 0.29 0.18

D. farinae 17 –0.06 0.83 13 0.29 0.34

Cat dander 28 0.29 0.13 27 0.32 0.1

Dog dander 24 0.18 0.40 23 0.33 0.75

Malassezia spp. 54 0.28 0.07 38 0.43 0.007
A. alternata 54 0.20 0.15 39 0.14 0.39

C. albicans 54 –0.13 0.34 38 0.25 0.14

C. herbarum 54 0.16 0.26 38 0.09 0.59

S. aureus enterotoxin A 20 –0.09 0.70 28 0.32 0.1

aCorrelation coefficient between severity of atopic dermatitis and total IgE or antigen-specific IgE levels as determined by Spearman-Rho.
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and in children (p = 0.005, r = 0.344). None of the 
other allergen-specific IgE antibodies correlated with 
SCORAD in adults or children (Table II). Patient age 
or gender and the presence of head–neck type AD did 
not correlate with the severity of disease in both age 

groups. Interestingly, the head–neck type of AD did 
not correlate with IgE specific to Malassezia spp. in 

either age group (children p = 0.28, adults p = 0.1) or 

with age, gender, and total serum IgE (data not shown).

Sensitisation to allergens

Except for Sx1 multitest and birch pollen, adults were 

more frequently sensitised to allergens than children 

(Fig. 1). The sensitisation frequency to food and most 
of the environmental allergens in adults was at least 

2-fold higher compared to children; those for microbial 

allergens was 5 to 10-fold higher in adults compared to 

children. Among fungal allergens, sensitisation to Ma-

lassezia spp. was the highest in both age groups, while 

sensitisation rates for C. albicans and C. herbarum were 

lower (Fig. 1). In both age groups, a higher Malassezia 

spp.-specific IgE titre positively correlated with a hig-

her total IgE titre (adults: p < 0.001, r = 0.67; children: 

p < 0.001, r = 0.41; data not shown). In addition to fungi, 
we analysed sensitisation against the enterotoxin A of S. 

aureus, a common skin pathogen in AD patients. Similar 
to fungal allergens, adults were more frequently sensiti-

zed to S. aureus enterotoxin A than children.

Adults also had higher titres of allergen-specific IgE to 
microbial allergens than children (Fig. 2). For example, 
the highest ImmunoCAP class for Malassezia spp. in 

adults was 6, found in 33% of sensitised adults, and for 

A. alternata it was 5, found in 6% of sensitised adults. 

In the children’s group, only a single patient had an Im-

munoCAP class of 5 for C. herbarum, whereas all other 

sensitised children had a maximum ImmunoCAP class 
of 2 or 3 for any microbial allergen tested. In contrast to 

fungal allergens, the maximum ImmunoCAP class for S. 

aureus enterotoxin A remained low in both age groups, 

with a highest ImmunoCAP of 2 in children and of 3 in 
adults. These findings of a higher sensitisation frequency 
and higher allergen-specific IgE titres against microbial 
allergens in adults indicate that sensitisation to these al-

lergens occurs predominantly in adulthood.

DISCuSSION

We assessed the IgE-mediated sensitisation to food- and 
environmental allergens in 132 children and 67 adults 

with AD and correlated these data with disease severity 

(SCORAD). In accordance with previous studies, high er 
total IgE was a marker for more severe eczema in both 
age groups (6, 14), and Malassezia spp.-specific IgE 
was the only specific IgE positively correlating to AD 
severity in adults in the present study. Thus, this study 

Fig. 1. Proportion of adults (black bars) and children (white bars) with 

AD tested positive for allergen-specific IgE. The x-axis indicates the tested 
allergens. The y-axis indicates the percentage of positive patients. The labels 

above the bars indicate the percentage of positive patients.

Fig. 2. Percentage of ImmunoCAP classes of allergen-specific IgE in adults (A) and children (B) with atopic dermatitis. An ImmunoCAP class ≥ 2 was 
considered to be positive.
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identifies Malassezia spp.-specific IgE as an important 
allergen-specific marker for AD severity in Caucasian 
adults for the first time. Previous findings on the cor-
relation between the sensitisation to microbial allergens 

and severity of AD are ambiguous. AD patients with 

severe eczema and/or higher total IgE levels appear 
to be frequently sensitised to microbial antigens, with 

40% of these children and 72% of these adults having 

Malassezia spp.-specific IgE, and 60% of children 
and 82% of adults having IgE specific to various stap-

hylococcal superantigens (15, 16). However, a clear 

correlation between AD severity and IgE specific to a 
distinct microbial allergen is rarely described. Whereas 

A. alternata and C. herbarum do not correlate with 

the severity of AD (17), Malassezia spp.-specific IgE 
correlated with the severity of disease in 61 adult AD 

patients from Japan (18). Another study on 619 adult 

patients from Sweden showed a correlation between 

the severity of AD and the combined IgE sensitisation 
to dust mites and yeasts such as Malassezia spp. and 

C. albicans (19). 

The significant role of Malassezia spp. in adult AD 

patients is substantiated by recent findings. Firstly, DNA 
sequencing-based analyses have confirmed that Malas-

sezia spp. are the predominant fungal genus on adult 

human skin, also on body sites that are clinically affected 
in AD (20). Accordingly, Malassezia spp. specific IgE 
were the most abundant microbe-specific IgE found in 
our adult patients. Secondly, nanovesicles and proteins 

from skin-colonising Malassezia spp. can induce the 

release of pro-inflammatory cytokines and histamine, 
which may contribute to the pathogenesis of AD (21, 

22). Thirdly, Malassezia spp. antigens such as manganese 

superoxide dismutase or thioredoxin induce autoreactive 

T cells that further react to the human analogues of the 

fungal enzymes, inducing pro-inflammatory stimuli 
that continues independently from Malassezia spp. (23, 

24). This might explain why the efficacy of antimycotic 
treatment of AD is ambiguous (25, 26), because the auto-

immunologic mechanisms perpetuate even if the yeasts 

are eradicated from the skin. Therefore, we speculate that 
the presence of Malassezia spp.-specific IgE antibodies 
in adult AD patients does not predict the efficacy of 
antimycotic treatment but is a marker for a more severe 
and perhaps persistent AD.

Despite the high percentage of dust mite sensitisation 

in our patients we did not find a correlation between 
dust mite-specific IgE and severity of AD, presumably 
because we did not stratify our patients according to dust 

mite allergen burden, which correlates with AD severity 

(27). However, a correlation between AD severity and 

dust mite-specific IgE was shown in a cross-sectional 
study on 2,200 East German schoolchildren (28), and 

recent experiments demonstrated that epicutaneous app-

lication of dust mites on non-lesional skin of AD patients 
induces thymic stromal lymphopoietin and CCL17, 

which are important triggers for an AD characteristic 

immune response (29).The sensitisation frequency to 

microbial antigens in the children of our study was low, 

it is therefore not surprising that we did not identify a 

correlation between AD severity and sensitisation to 

Malassezia spp. or any other microbial allergen in this 

age group. The children in our study tended to be younger 

(maximum 6 years of age) than those in previous studies 

(maximum 17 years of age), in which higher frequencies 

of elevated Malassezia spp.-specific IgE were found, 
ranging from 5 to 17% (14, 30, 31). One reason for the 
low frequency of Malassezia spp. sensitisation in the 

young children of our study compared to older children 

and adults in previous studies might be the age-dependent 

increase of skin sebum lipids as a prerequisite for skin 
colonisation with most Malassezia spp. in adolescence 

and adulthood (26). Furthermore, the longer history of 
AD of older age groups and larger extend of eczema cor-

relate with a higher probability of allergen sensitisation 

over time (6, 31, 32). This might explain why a previous 

investigation on AD children up to 16 years of age found 

higher frequencies of Malassezia spp. sensitisation with 

already a (weak) correlation to severity of AD (14). The 
IgE reactivity also to other allergens appears to correlate 
with age. For example, children at the age of 6 month 
are more frequently sensitised to food allergens than to 

inhalant allergens (35% vs. 18%), with a reverse ratio at 

the age of 5 years (18% vs. 66%) (33), and the sensitisa-

tion frequencies to microbial allergens increase with the 

age of children (34).

The higher frequency of allergen-specific IgE in 
adults than in children seen in this study is also des-

cribed by others, particularly for Malassezia spp. to 

which 5–17% of children (14, 30, 31) and 29–65% of 

adults (30, 35, 36) with AD develop specific IgE. The 
sensitisation frequencies of 33–95% for C. albicans in 

children and adults described earlier (34, 37, 38) are 

considerably higher than in the present study, but might 

be in part explained by ethnically and possibly socio-

economically differences in the study populations. The 

previously reported sensitisation frequencies to various 

superantigens of S. aureus are higher in adults (80%) 

than in children (60%) (15, 16), and considerably  

higher than in the present study for both age groups. 

This might be due to the use of only S. aureus entero-

toxin A in this study. We found a considerably higher 

frequency of food allergen-specific IgE in adults than 
in children (80.4% vs. 42.2%). However, our results are 

difficult to compare with previous findings, since we 
used the fx5 food allergen screening test that detects 

IgE specific to egg white, cow’s milk, cod, wheat, pe-

anut, or soybean, without the ability to break down the 
result to the particular test allergen. Previous studies 

have shown that egg white, peanut and cow’s milk 
are the major food allergens in children with AD, and 

IgE-specific sensitisation to these allergens are found 
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in 25–54%, 7–45%, and 18–48% of patients, respec-

tively. Sensitisation rates vary by geographic region, 

presumably due to dietary factors (8). By the age of 

16 years, egg and milk allergy resolves in 68% and 
79% of children, and adults are more often sensitized 

to peanut, shellfish and fish (39).
The present study has several limitations. Firstly, 

we used the m70 antigen to detect Malassezia spp.-

specific IgE. This antigen represents the species M. 

sympodialis and is sensitive to other relevant Malas-

sezia species. However, patients with a negative m70 

test result may have IgE antibodies specific to other 
Malassezia species such as M. globosa and M. pachy-

dermatis. Therefore, the use of only m70 antigen may 

not detect all patients sensitised to Malassezia spp. 

(40). Secondly, sensitisation to S. aureus was only 

tested with the antigen m80, representing the S. aureus 

enterotoxin A. Similar to the problem by using only 

m70 antigen for Malassezia spp., the use of only m80 

antigen may miss sensitisations to other relevant S. 

aureus superantigens such as the enteroxins B–D and 

toxic shock syndrome toxin. Thirdly, we tested food 
allergen-specific IgE with the fx5 screening test. Be-

cause this test does not allow to breakdown the results 
to the particular test antigen it was not used to assess 

the correlation between food allergen-specific IgE 
and AD severity. Fourthly, we included only children 
between the age of 0–6 years because AD is highly 

prevalent in this age group and a large number of 

patients was therefore available for inclusion into the 

present study. Hence this study lacks information on 
the correlation between allergen-specific IgE and AD 
severity in older children and adolescents.

In conclusion, Malassezia spp.-specific IgE cor-
relates with the severity of AD in adults. The missing 

correlation in children is due to the low frequency of 

allergen sensitisation in this age group. Based on the 

supposed elucidation of pro-inflammatory autoreactive 
mechanisms by Malassezia spp. proteins, we speculate 

that Malassezia spp.-specific IgEs are only a marker for 
a more severe and perhaps a more prolonged disease, 

but they do not necessarily indicate the necessity of an 

antimycotic therapy.

ACKNOWLEDGEMENTS
We are very grateful to the NIH Fellows Editorial Board for edi-
torial assistance. We appreciate the technical assistance of Mrs. 
Kolfenbach in preparing the samples. To the patients we owe 
our gratitude for consenting and providing the research samples.

The authors declare no conflict of interest.

REFERENCES

1. Bieber T. Atopic dermatitis. N Engl J Med 2008; 358: 
1483–1494.

2. Spergel JM. Epidemiology of atopic dermatitis and atopic 
march in children. Immunol Allergy Clin North Am 2010; 
30: 269–280.

3. De Benedetto A, Kubo A, Beck LA. Skin barrier disruption: 
a requirement for allergen sensitization? J Invest Dermatol 
2012; 132: 949–963.

4. Novak N, Leung DY. Advances in atopic dermatitis. Curr 
Opin Immunol 2011; 23: 778–783.

5. Werfel T. The role of leukocytes, keratinocytes, and aller-
gen-specific IgE in the development of atopic dermatitis. 
J Invest Dermatol 2009; 129: 1878–1891.

6. vakirlis E, Lazaridou E, Tzellos TG, Gerou S, Chatzidi-
mitriou D, Ioannides D. Investigation of cytokine levels 
and their association with SCORAD index in adults with 
acute atopic dermatitis. J Eur Acad Dermatol Venereol 
2011; 25: 409–416.

7. Illi S, von Mutius E, Lau S, Nickel R, Gruber C, Niggemann 
B, et al. The natural course of atopic dermatitis from birth 
to age 7 years and the association with asthma. J Allergy 
Clin Immunol 2004; 113: 925–931.

8. de Benedictis FM, Franceschini F, Hill D, Naspitz C, Si-
mons FE, Wahn u, et al. The allergic sensitization in infants 
with atopic eczema from different countries. Allergy 2009; 
64: 295–303.

9. Tokura Y. Extrinsic and intrinsic types of atopic dermatitis. 
J Dermatol Sci 2010; 58: 1–7.

10. Fölster-Holst R, Pape M, Buss YL, Christophers E, Weichen thal 
M. Low prevalence of the intrinsic form of atopic dermatitis 
among adult patients. Allergy 2006; 61: 629–632.

11. Krathen RA, Hsu S. Failure of omalizumab for treatment 
of severe adult atopic dermatitis. J Am Acad Dermatol 
2005; 53: 338–340.

12. Hanifin JM, Rajka G. Diagnostic features of atopic derma-
titis. Acta Derm Venereol 1980; Suppl 92: 44–47.

13. Oranje AP, Glazenburg EJ, Wolkerstorfer A, de Waard-van 
der Spek FB. Practical issues on interpretation of scoring 
atopic dermatitis: the SCORAD index, objective SCORAD 
and the three-item severity score. Br J Dermatol 2007; 
157: 645–648.

14. Lange L, Alter N, Keller T, Rietschel E. Sensitization to 
Malassezia in infants and children with atopic dermatitis: 
prevalence and clinical characteristics. Allergy 2008; 63: 
486–487.

15. Reefer AJ, Satinover SM, Wilson BB, Woodfolk JA. The 
relevance of microbial allergens to the IgE antibody re-
pertoire in atopic and nonatopic eczema. J Allergy Clin 
Immunol 2007; 120: 156–163.

16. Schnopp C, Grosch J, Ring J, Ollert M, Mempel M. Mi-
crobial allergen-specific IgE is not suitable to identify the 
intrinsic form of atopic eczema in children. J Allergy Clin 
Immunol 2008; 121: 267–268.

17. Reijula K, Leino M, Mussalo-Rauhamaa H, Nikulin M, 
Alenius H, Mikkola J, et al. IgE-mediated allergy to fungal 
allergens in Finland with special reference to Alternaria 
alternata and Cladosporium herbarum. Ann Allergy Asthma 
Immunol 2003; 91: 280–287.

18. zhang E, Tanaka T, Tajima M, Tsuboi R, Kato H, Nishikawa 
A, et al. Anti-malassezia-specific IgE antibodies production 
in Japanese patients with head and neck atopic dermatitis: 
relationship between the level of specific IgE antibody and 
the colonization frequency of cutaneous malassezia species 
and clinical severity. J Allergy (Cairo) 2011; 2011: 645670.

19. Sonesson A, Bartosik J, Christiansen J, Roscher I, Nilsson 
F, Schmidtchen A, et al. Sensitization to skin-associated 
microorganisms in adult patients with atopic dermatitis 
is of importance for disease severity. Acta Derm Venereol 
2013; 93: 340–345.

Acta Derm Venereol 95



196 M. Glatz et al.

20. Findley K, Oh J, Yang J, Conlan S, Deming C, Meyer JA, 
et al. Topographic diversity of fungal and bacterial com-
munities in human skin. Nature 2013; 498: 367–370.

21. Gehrmann u, Qazi KR, Johansson C, Hultenby K, Karls-
son M, Lundeberg L, et al. Nanovesicles from Malassezia 
sympodialis and host exosomes induce cytokine responses 
– novel mechanisms for host-microbe interactions in atopic 
eczema. PLoS One 2011; 6: e21480.

22. Hiragun T, Ishii K, Hiragun M, Suzuki H, Kan T, Mihara 
S, et al. Fungal protein MGL_1304 in sweat is an allergen 
for atopic dermatitis patients. J Allergy Clin Immunol 
2013;132: 608–615.

23. Schmid-Grendelmeier P, Fluckiger S, Disch R, Trautmann 
A, Wuthrich B, Blaser K, et al. IgE-mediated and T cell-
mediated autoimmunity against manganese superoxide 
dismutase in atopic dermatitis. J Allergy Clin Immunol 
2005; 115: 1068–1075.

24. Balaji H, Heratizadeh A, Wichmann K, Niebuhr M, Crameri 
R, Scheynius A, et al. Malassezia sympodialis thioredoxin-
specific T cells are highly cross-reactive to human thiore-
doxin in atopic dermatitis. J Allergy Clin Immunol 2011; 
128: 92–99.

25. Akdis CA, Akdis M, Bieber T, Bindslev-Jensen C, Bogu-
niewicz M, Eigenmann P, et al. Diagnosis and treatment of 
atopic dermatitis in children and adults: European Academy 
of Allergology and Clinical Immunology/American Acade-
my of Allergy, Asthma and Immunology/PRACTALL Con-
sensus Report. J Allergy Clin Immunol 2006; 118: 152–169.

26. Darabi K, Hostetler SG, Bechtel MA, Zirwas M. The role 
of Malassezia in atopic dermatitis affecting the head and 
neck of adults. J Am Acad Dermatol 2009; 60: 125–136.

27. Kim J, Lee S, Woo SY, Han Y, Lee JH, Lee IY, et al. The 
indoor level of house dust mite allergen is associated with 
severity of atopic dermatitis in children. J Korean Med Sci 
2013; 28: 74–79.

28. Schafer T, Heinrich J, Wjst M, Adam H, Ring J, Wichmann 
HE. Association between severity of atopic eczema and 
degree of sensitization to aeroallergens in schoolchildren. 
J Allergy Clin Immunol 1999; 104: 1280–1284.

29. Landheer J, Giovannone B, Mattson JD, Tjabringa S, 
Bruijnzeel-Koomen CA, McClanahan T, et al. Epicutaneous 
application of house dust mite induces thymic stromal 
lymphopoietin in nonlesional skin of patients with atopic 

dermatitis. J Allergy Clin Immunol 2013; 132: 1252–1254.
30. Scalabrin DM, Bavbek S, Perzanowski MS, Wilson BB, 

Platts-Mills TA, Wheatley LM. use of specific IgE in as-
sessing the relevance of fungal and dust mite allergens to 
atopic dermatitis: a comparison with asthmatic and non-
asthmatic control subjects. J Allergy Clin Immunol 1999; 
104: 1273–1279.

31. Kekki OM, Scheynius A, Poikonen S, Koskinen A, Kautiai-
nen H, Turjanmaa K. Sensitization to Malassezia in children 
with atopic dermatitis combined with food allergy. Pediatr 
Allergy Immunol 2013; 24: 244–249.

32. Garmhausen D, Hagemann T, Bieber T, Dimitriou I, Fim-
mers R, Diepgen T, et al. Characterization of different 
courses of atopic dermatitis in adolescent and adult patients. 
Allergy 2013; 68: 498–506.

33. Kusel MM, Holt PG, de Klerk N, Sly PD. Support for 2 
variants of eczema. J Allergy Clin Immunol 2005; 116: 
1067–1072.

34. Ong PY, Ferdman RM, Church JA. Late-onset of IgE sensi-
tization to microbial allergens in young children with atopic 
dermatitis. Br J Dermatol 2010; 162: 159–161.

35. Sandstrom Falk MH, Faergemann J. Atopic dermatitis in 
adults: does it disappear with age? Acta Derm Venereol 
2006; 86: 135–139.

36. Ramirez de Knott HM, McCormick TS, Kalka K, Skan-
damis G, Ghannoum MA, Schluchter M, et al. Cutaneous 
hypersensitivity to Malassezia sympodialis and dust mite 
in adult atopic dermatitis with a textile pattern. Contact 
Dermatitis 2006; 54: 92–99.

37. Chang FY, Lee JH, Yang YH, Yu HH, Wang LC, Lin YT, 
et al. Analysis of the serum levels of fungi-specific im-
munoglobulin E in patients with allergic diseases. Int Arch 
Allergy Immunol 2011; 154: 49–56.

38. Khosravi AR, Bandghorai AN, Moazzeni M, Shokri H, 
Mansouri P, Mahmoudi M. Evaluation of Candida albicans 
allergens reactive with specific IgE in asthma and atopic 
eczema patients. Mycoses 2009; 52: 326–333.

39. Mahoney EJ, veling MC, Mims JW. Food allergy in 
adults and children. Otolaryngol Clin North Am 2011; 44: 
815–833.

40. zargari A, Midgley G, Back O, Johansson SG, Scheynius 
A. IgE-reactivity to seven Malassezia species. Allergy 
2003; 58: 306–311. 

Acta Derm Venereol 95


