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Abstract

Introduction: Atopic dermatitis (AD) is a chronic pruritic inflammatory skin disease. It is associated with atopy,
impaired skin barrier, skin infections and several other comorbidities.

Aim: To identify comorbidities and risk factors that influence the severity of AD in children.

Material and methods: We performed a cross-sectional study involving 52 children newly diagnosed with AD. The
severity of AD was assessed with the SCORing Atopic Dermatitis (SCORAD) clinical tool. Levels of serum tryptase,
zinc, selenium, and immunoglobulins A, G, M and E (IgA, I1gG, IgM, and total IgE, respectively) were determined as
well as allergen-specific E antibodies (IgE) to the most common allergens. DNA samples from venous blood were
screened for the most common mutations in the filaggrin gene.

Results: The median age of patients was 30 months. The median SCORAD index in patients with atopy was 47.8,
compared to 27.2 in non-atopic patients (p < 0.01). We also found a significantly higher median SCORAD of 61.2 in
patients with low serum IgM levels compared to 34.9 in patients with normal serum IgM levels (p = 0.03). A his-
tory of impetigo was also associated with a higher median SCORAD of 56.2 compared to 34.0 in patients without
impetigo (p = 0.01).

Conclusions: Patients with AD and sensitisation to common allergens, low levels of IgM or a history of impetigo are
at risk for more severe disease and, therefore, need more attention, meticulous skin care, proactive management

and treatment of comorbidities, when possible.
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Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease characterized by intense itching and eczema [1].
It usually begins in childhood and affects approximate-
ly 20% of children and 10% of adults in the developed
world [2, 3].

AD has a diverse clinical presentation, which depends
on age. The diagnosis of AD is based mostly on the char-
acteristic clinical picture [3, 4].

Although the pathogenesis of AD is not fully under-
stood, available evidence suggests that disease results
from a complex interaction between genetic and environ-
mental factors resulting in impaired skin barrier function,
immune dysregulation and skin infections [5].

A history of AD in parents is the most important risk
factor for the development of disease in children [6]. At
least in some cases, loss-of-function mutations in the fil-

aggrin gene are responsible for the transmission of the
disease to offspring. Filaggrin (FLG) is an essential struc-
tural protein responsible for the regulation of epidermal
homeostasis and integrity of the skin barrier [7]. Approxi-
mately 20% of children with mild to moderate AD have at
least one mutant allele of the FLG gene [2].

The role of allergy in the pathogenesis of AD is con-
troversial. Patients with AD are prone to produce specific
immunoglobulins of E class (IgE) to common allergens
(atopy). AD also represents an independent risk factor for
the development of asthma and allergic rhinitis. However,
only approximately one-third of children with AD are actu-
ally allergic to food or air-borne allergens, and allergies are
even less common in adolescents and adults with AD [2].
Sensitisation to food (cow milk, egg white, nuts) prevails in
infants and toddlers, whereas sensitisation to airborne al-
lergens (house dust mites, pets, pollen) becomes more com-
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mon in older children. One-quarter of children with AD are
sensitized to more than five food and/or airborne allergens
(polysensitisation), and those patients have a more severe
form of the disease [8]. Immediate types of hypersensitivity
with histamine release and cytokines produced by type 2
T-helper cells, which stimulate immunoglobulin (Ig) E syn-
thesis, are detected in most patients with AD. Although
hypersensitivity reactions enhance skin barrier dysfunc-
tion, they are a consequence and not a cause of AD as an
impaired skin barrier facilitates penetration of common
allergens and sensitisation [5]. Not all patients with AD
develop IgE-mediated hypersensitivity to common food
and/or airborne allergens; therefore, the term “atopic der-
matitis” is rather misleading and is often substituted with
“eczema” to encompass the atopic and non-atopic form
of the disease [3].

AD is associated with several other comorbidities and
underlying conditions. It is frequently reported in children
with (transient) hypogammaglobulinemia of infancy, and
the disease resolves with the normalization of immuno-
globulin G (IgG) levels [9]. Children with AD were found
to have a lower serum level of selenium and/or zinc than
healthy children [10]. The level of serum tryptase was
also found to be positively correlated with the severity
of AD in children [11]. Patients with AD are prone to skin
infections, and their skin is colonized with Staphylococ-
cus aureus in 90% of cases. S. aureus and Malassezia spp.
are probably involved in the stimulation of the immune
system and upregulation of inflammation in patients
with AD. Impetigo caused by S. aureus or Streptococcus
pyogenes is a common complication of AD [3, 12]. Pri-
mary infection with herpes simplex virus occurs in the
disseminated form (herpetic eczema) in 3% of patients
with AD and is more prevalent in the severe and allergic
form of AD. The severe form of AD is also associated with
a widespread Molluscum contagiosum viral infection [13].

Quality of life is severely affected in patients with AD,
mostly because of itching and impaired sleeping. In addi-
tion, the impact of disease on the physical appearance and
social interactions is especially important in adolescence
[5, 14]. SCORing Atopic Dermatitis (SCORAD) is a clinical
tool used to assess the extent and severity of the disease.
The extent of the disease is assessed by the percentage
of the affected body area and the severity, which is deter-
mined by scoring the intensity of 6 clinical characteristics
(redness, swelling, oozing/crusting, scratch marks, licheni-
fication and dryness of the skin) [15].

Aim

We aimed to determine which comorbidities and under-
lying conditions are associated with a more severe course of
AD to identify patients who need more attention and inten-
sive management of AD and of the comorbidities themselves.

We hypothesized that the following characteristics of pa-
tients with AD are associated with a more severe form of the
disease: family history of AD, young age, shorter duration of
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breastfeeding, history of asthma/wheezing or anaphylaxis,
sensitisation (especially polysensitisation and sensitisation to
nuts), hypogammaglobulinemia, increased serum levels of to-
tal Igk and tryptase, low serum levels of zinc and/or selenium,
mutations in the FLG gene and skin infections.

Material and methods

Participants

We performed a cross-sectional study and included all
newly diagnosed patients with AD aged from 3 months to
18 years who were referred to the paediatric allergy out-
patient clinic at our Division of Paediatrics from 1 October
2019 to 31 January 2021. The diagnosis of AD was estab-
lished according to the criteria set by Hanifin and Rajka
and criteria proposed by Williams (adapted from the origi-
nal United Kingdom working party’s diagnostic criteria for
atopic dermatitis) [16, 17]. We excluded patients with other
chronic skin diseases, such as psoriasis, allergic and irritant
contact dermatitis, nummular eczema, seborrheic derma-
titis, and children with congenital immune deficiencies or
autoimmune or metabolic skin conditions. We did not ex-
clude patients who were already receiving primary health
care. However, patients included in the study should not
be treated with any systemic or topical anti-inflammatory
medications for at least 2 weeks before enrolment. We also
did not exclude patients with other atopic diseases, such
as asthma, allergic rhinitis and allergic diseases of the gas-
trointestinal tract.

The extent and severity of AD was independently as-
sessed by two paediatric allergologists with the SCORAD
clinical tool [15], and the mean of both scores was used
for further analysis. We recorded the duration of breast-
feeding and the presence (or history) of comorbidities
such as asthma or virus-induced wheezing (at least two
episodes in the past year) and anaphylaxis. We also in-
quired about the history of skin infections such as: her-
petic eczema, impetigo and molluscum contagiosum.

Laboratory investigations

A venous blood sample was drawn from all patients for
the analysis of complete and differential blood count. Levels
of serum tryptase, zinc, selenium, and immunoglobulins A, G,
M and E (IgA, 1gG, IgM, total IgE) were determined. Specific
IgE levels to house dust mite, cow’s milk, egg white, wheat,
cod fish, soya bean, peanuts and tree nuts were determined
in all patients with ImmunoCAP assay (Phadia, Inc., Uppsala,
Sweden). Specific IgE to other allergens (e.g. pets, moulds,
pollens, other food) was determined according to the history
of exposure or observed allergic reactions. A cut-off value of
0.35 kU/l was used to confirm allergic sensitisation [18].

DNA samples from venous blood were screened for the five
most common loss-of-function mutations in the FLG gene [19].

All blood tests were performed in the central labora-
tory of the University Medical Centre Maribor, Slovenia,
except for the determination of mutations in the FLG
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gene, which was performed in the Laboratory for Clinical
Immunology and Molecular Genetics, University Clinic of
Pulmonary and Allergic Diseases, Golnik, Slovenia.

Ethical approval

The study was approved by the Ethics Committee
of the University Medical Centre Maribor, Slovenia and
was performed according to the Declaration of Helsinki
of 1975, revised in Edinburgh in 2000. All participants or
their legal guardians (for children younger than 16 years)
signed an informed consent form.

Statistical analysis

Statistical analysis was performed with IBM SPSS
24.0 software (IBM Inc., Chicago, IL, USA). The influence
of qualitative variables (e.g., history of asthma/wheez-
ing or anaphylaxis, presence of sensitisation, skin infec-
tions, FLG gene mutations, hypogammaglobulinemia,
low serum levels of zinc and selenium) on the SCORAD
index was analysed with the Mann-Whitney U-test after

Table 1. Qualitative epidemiological, clinical and laboratory
characteristics of children with atopic dermatitis

a Kolmogorov-Smirnov test of normality. Age-dependent
quantitative variables, such as serum levels of IgA, 1gG,
IgM, zinc and selenium, were first normalized to the lower
limit of the reference range for age, whereas the total IgE
level was normalized to the upper limit of the reference
range and expressed as percentages [20-22]. The associa-
tion of quantitative variables with the SCORAD index was
analysed with the Spearman’s rank correlation coefficient
(p). In addition, we upgraded the analysis with a multiple
linear regression model. The a level for all tests was set
as 0.05, and p-values are presented for two-tailed tests.

Results

Epidemiological, clinical and laboratory
characteristics

We included 52 children, 22 (42.3%) of whom were fe-
male. The median age of patients was 30 months. Other
epidemiological, clinical and laboratory characteristics of
the participants are presented in Tables 1 and 2.

Table 2. Quantitative epidemiological, clinical and
laboratory characteristic of children with atopic dermatitis

Characteristic Frequency (N) Percentage Characteristic Median Interquartile
range
Female sex 22 42.3
Age [months] 30 84
Family history of AD 26 50.0
Duration of breastfeeding [months] 6 6
Sensitization™: 34 65.4
SCORAD index 413 30.8
To nuts 16 30.8
Serum total IgE levels [IU/ml] 79 312
To > 5 allergens 13 25.0
Normalized (%)* 240 996
Anaphylaxis 1 1.9
Serum IgA levels [g/l] 0.58 0.86
Asthma/wheezing 7 13.5
Normalized (%)** 248 255
Increased serum total IgE levels** 32 62.7
Serum IgM levels [g/1] 0.68 0.54
Decreased serum immunoglobulin 11 21.2
levels***: Normalized (%)** 157 114
IgA 4 7.7 Serum 1gG levels [g/l] 7.13 5.93
IgM 8 15.4 Normalized (%)** 164 63
18G 3 5.8 Serum tryptase levels [ng/ml] 4.64 243
Increased serum tryptase levels 2 3.8 Serum selenium levels [umol/l] 71.2 19.1
Low serum selenium levels**** 18 38.3 Normalized (%)*** 110 33
Low serum zinc levels**** 4 8.5 Serum zinc levels [umol/1] 14.5 5.4
Filaggrin mutation 8 15.6 Normalized (%)*** 132 42
Skin infections: 11 21.2 *Serum levels of total immunoglobulin E expressed as a percentage of the
upper normal range for age [21]. **Serum levels of immunoglobulin classes
Impetigo 8 15.4 A, G and M expressed as a percentage of the lower normal range for age

“Sensitization to common food and/or airborne allergens. “Serum levels of
total immunoglobulin E above the upper normal range for age [21]. *“Serum
levels of immunoglobulin classes A, G and M below the lower normal range
for age [20]. " Serum levels of selenium and/or zinc below the lower normal
range for age [22].
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[20]. ***Serum levels of selenium and zinc expressed as a percentage of the
lower normal range for age [22].
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Influence of characteristics and comorbidities
on the severity of AD

The influence of quantitative epidemiological, clinical
and laboratory characteristics on the severity of atopic
dermatitis (expressed as the SCORAD index) is presented
in Table 3.

The correlation of the severity of AD (expressed as
the SCORAD index) with quantitative epidemiological,
clinical and laboratory characteristics is presented in
Table 4.

When testing with a multiple linear regression mod-
el, we found that the association of the severity of AD
(SCORAD index) and sensitisation (to common food and/
or airborne allergens) remained significant (p < 0.01), and
the association with the history of impetigo was margin-
ally significant (p = 0.05).

In addition, we performed a statistical analysis sepa-
rately for young children (0-36 months of age, N = 27)
and older children (> 36 months, N = 25). In young chil-
dren only the history of impetigo was found to be sig-
nificantly associated with severity of atopic dermatitis
(median SCORAD of 56.3, compared with 33.5 in those
without impetigo, p = 0.01). In this age group, we also
observed a positive correlation between SCORAD index
and normalized total IgE serum levels (p = 0.43, p = 0.03).
In children older than 36 months, we found a significant
association with more severe AD for the presence of sen-
sitisation to common allergens (median SCORAD index

of 51.2 compared to 24.9 in those without sensitisations,
p = 0.01), hypogammaglobulinemia M (median SCORAD
index of 70.9, compared to 34.9 in those without hypo-
gammaglobulinemia M, p = 0.01) and the history of im-
petigo (median SCORAD index of 64.4, compared to 34.0
in those without impetigo, p < 0.01).

Discussion

In our cross-sectional study, we found that sensitisa-
tion to food and/or airborne allergens, low levels of se-
rum IgM and a history of impetigo were associated with
a more severe form of AD. The severity of AD (expressed
as the SCORAD index) was positively correlated with the
serum levels of total IgE.

To date, several studies have documented an in-
creased risk of allergies in patients with AD, especially in
preschool age. However, sensitisation to common food
and/or airborne allergens is probably a consequence
of an impaired skin barrier in patients with AD and not
a cause of the disease, and most sensitized patients do
not have any symptoms or worsening of AD when ex-
posed to those allergens [3]. Similar to our results, Hon
et al. and Kuo et al. found a positive correlation between
the SCORAD index and serum levels of total IgE in Chi-
nese and Taiwanese children with AD, respectively. In ad-
dition, Kuo et al. reported a correlation between the num-
ber of allergens to which the patient was sensitized and

Table 3. Influence of qualitative characteristics and comorbidities on SCORAD index in children with atopic dermatitis

Characteristic Yes* [median (IQR)] No* [median (IQR)] P-value
Female sex 34.1(36.2) 44.2 (28.9) 0.73
Family history of AD 49.3 (26.5) 34.9 (32.8) 0.19
Sensitization: 47.8 (27.5) 27.2 (323) < 0.01
To nuts 41.3 (23.0) 54.1 (34.6) 0.60
To > 5 allergens 56.6 (33.6) 45.5 (28.0) 0.28
Asthma/wheezing 54.7 (35.1) 39.6 (32.1) 0.37
Increased serum total IgE levels** 442 (32.1) 33.8 (33.9) 0.25
Decreased serum immunoglobulin levels***: 58.2 (33.6) 37.6 (31.2) 0.30
IgA 33.2 (24.4) 442 (31.2) 0.46
IgM 61.2 (31.6) 34.9 (29.6) 0.03
1gG 19.8 (30.0) 43.0 (30.1) 0.24
Low serum selenium levels**** 39.3 (40.3) 34.2 (28.7) 0.95
Low serum zinc levels**** 34.9 (42.4) 34.9 (33.0) 1
Filaggrin mutation 55.8 (26.5) 34.2 (32.1) 0.08
Skin infections: 55.9 (36.9) 33.8 (30.9) 0.05
Impetigo 56.2 (20.9) 34.0 (32.5) 0.01

*Presence (YES) or absence (NO) of certain characteristic and comparison of SCORAD index between those two groups. **Serum levels of total immunoglobu-
lin E expressed as a percentage of the upper normal range for age [21]. ***Serum levels of immunoglobulin classes A, G and M expressed as a percentage of
the lower normal range for age [20]. ****Serum levels of selenium and zinc expressed as a percentage of the lower normal range for age [22].
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the severity of the disease [23, 24]. The correlation of the
SCORAD index and the number of sensitisations in young
children with AD was also reported by Wahn et al. [25].
However, in our study, polysensitisation (sensitisation to
five or more allergens) was not associated with the se-
verity of AD. We found a polysensitisation in 25% of our
patients, which is similar to that reported by Broeks and
Brand, who found polysensitisation in 22.4% of children
with AD [8]. Similar to our findings, Flohr et al. reported
a strong association between AD severity and sensitisa-
tion to food allergens in infants, which was independent
of transepidermal water loss and FLG mutations [26].
These and our results (lack of influence of polysensitisa-
tion on the severity of AD), therefore, only partially sup-
port the hypothesis that impaired skin barrier in patients
with AD facilitates sensitisation to common food and/or
airborne allergens [27]. We detected a sensitisation to
one or more common food and/or airborne allergens in
almost two-thirds of our patients, which is even more
than 30-60% as reported previously [28]. However, only
1 (1.9%) of our patients reported anaphylaxis, which fur-
ther supports data about the discordance between a high
prevalence of sensitisation and a low actual rate of clini-
cal allergy in patients with AD [29].

We observed a relatively high prevalence (30.8%) of
sensitisation to nuts (peanuts and/or tree nuts) in our
patients, although only 1 (1.9%) of them actually report-
ed a serious allergic reaction. Therefore, we can assume
that the association of the presence of allergen-specific
IgE and the correlation of total IgE with disease severity
in our study both reflect dysregulation of the immune
system in patients with AD, rather than sensitisation
to common food and/or airborne allergens because of
a dysfunctional skin barrier. High-risk sensitisation would
probably result in a higher rate of serious allergic reac-
tions to nuts as Sicherer et al. reported a 50% incidence
of life-threatening reactions at ingestion among children
allergic to nuts and/or peanuts [30].

Asthma or viral-induced wheezing was reported in
7 (13.5%) of our patients, which is not significantly high-
er than the 8-10% prevalence of asthma in the general
population of children in developed countries [31] and is
much lower than the 30-39% reported by Wan et al. in
children with AD [32]. The lower prevalence of asthma can
be partly explained by the lower median age (30 months)
of our patients as in this age group, the diagnosis of
asthma is frequently underestimated [33]. In contrast to
allergic asthma, the association of viral-induced wheezing
with AD is not well known, although mutations in the FLG
gene predispose patients to viral respiratory illnesses and
wheezing [34]. However, our results do not support the
association of virus-induced wheezing and AD.

We found that patients with serum IgM levels below
the age-adjusted lower normal range [20] had a very
severe form of the disease, with a median SCORAD in-
dex of 61.2. Patients with primary immune deficiencies,
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Table 4. Correlation of quantitative epidemiological and
laboratory characteristics with SCORAD index in children
with atopic dermatitis

Correlation P-value
coefficient*

Characteristic

Age -0.05 0.73
Duration of breastfeeding -0.08 0.59
Serum total IgE levels (normalized)** 0.35 0.01
Serum IgA levels (normalized)*** -0.01 0.96
Serum IgM levels (normalized)*** -0.12 0.40
Serum 1gG levels (normalized)*** 0.06 0.65
Serum tryptase levels 0.26 0.09
Serum selenium levels (hormalized)**** -0.17 0.25
Serum zinc levels (normalized)**** 0.16 0.30

*Spearman’s rank-order correlation coefficient. **Serum levels of total im-
munoglobulin E expressed as a percentage of the upper normal range for
age [21]. ***Serum levels of immunoglobulin classes A, G and M expressed
as a percentage of the lower normal range for age [20].****Serum levels of
selenium and zinc expressed as a percentage of the lower normal range
forage [22].

such as Wiskott-Aldrich syndrome and severe combined
immunodeficiency (SCID), often suffer from intractable
eczema, which is similar to the severe form of AD [35].
However, none of our patients had a primary immu-
nodeficiency as such subjects were excluded from the
study. Patients with transient hypogammaglobulinemia
of infancy (THI) often express atopic manifestations with
increased IgE levels, sensitisation to food and severe ec-
zema. However, children with THI usually have lower se-
rum levels of 1gG, and isolated lower serum levels of IgM
are rarely encountered in this entity [9, 36]. In our study,
lower levels of IgA and IgG were not associated with the
more severe form of AD and we observed an associa-
tion of hypogammaglobulinemia M with a more severe
form of AD only in the subgroup of patients older than
36 months. Therefore, we cannot attribute our results to
the presence of THI.

We also observed a significantly higher SCORAD in-
dex in patients with a history of impetigo. Skin infections
with bacteria and viruses are much more common in pa-
tients with AD than in the general population. Almost
90% of patients with AD are colonized with S. aureus,
and children with AD have an increased risk of impetigo
due to the compromised barrier function and immune
dysregulation [37]. S. aureus acts as a superantigen and
non-specifically upregulates the immune response and
exacerbates skin inflammation [13]. We did not observe
any association of other skin infections (such as herpetic
eczema) with disease severity, which can be attributed
to the low number of such patients in our cohort as only
two of them had a positive history of herpetic eczema.

We detected at least one loss-of-function mutation in
the FLG gene in 8 (15.6%) patients with AD. However, our
patients with a detected mutation did not have a signifi-
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cantly higher SCORAD index. Margolis et al. reported that
patients with AD who carry at least one copy of R501X or
2282del4 mutations in the FLG gene have a fourfold higher
risk of AD. They also found a prevalence of at least one
loss-of-function mutation in 31.5% of white children with
AD, was higher than that in our cohort. However, Margolis
et al. analysed the presence of approximately 500 loss-of-
function mutations, which is far more than was analysed
in our study [38]. We observed a median SCORAD index of
55.8 in patients with detected mutations and 34.2 in pa-
tients without mutations. However, this difference was not
found to be significant (p = 0.08), which can be attributed
to the relatively small number of patients with mutations
who were included in our study.

Lower serum levels of zinc and selenium were not as-
sociated with the severity of AD in our study. Serum lev-
els of both microelements were found to be lower in chil-
dren with AD than in healthy controls in previous studies
and meta-analyses [10]. Therefore, low serum levels of
zinc and/or selenium may be involved in the pathogene-
sis of AD but do not contribute to the severity of disease.

We did not confirm a correlation between the serum
tryptase levels and SCORAD index as was reported previ-
ously by Sahiner et al. in infants and toddlers with AD.
In addition, Sahiner et al. reported significantly higher
serum tryptase levels (median 5.01 ng/ml) in sensitised
children with AD than in children with the non-atopic
form of AD (median 3.02 ng/ml) [11]. In our cohort, there
was no difference in the serum tryptase levels between
the sensitised (median value of 4.64 ng/ml) and non-
sensitised (median value of 4.68 ng/ml) patients with
AD (not shown in the Results section). Our results do not
suggest that serum tryptase levels could represent a sen-
sitive biomarker in AD.

Family history of AD was not found to influence the
severity of the disease in our study. Otherwise, the fam-
ily history of allergic diseases and especially of AD is the
single most important risk factor for the development of
AD with a three- to five-fold increased risk of AD in off-
spring, when one or both parents have AD, respectively
[6]. However, risk factors for the disease itself and its
severity often differ and our results regarding the fam-
ily history and severity of AD probably reflect the lack of
influence of FLG mutations on the severity of AD in our
patients.

One of the major limitations of our study is a relative-
ly low number of participants, which is a consequence of
the inclusion criteria as only newly diagnosed and un-
treated (at least recently) patients were enrolled. Second,
most of our patients had a moderate or severe form of
AD (median SCORAD index was 41.3) as patients with
a mild form are usually not referred to our outpatient
clinic. Therefore, the findings of our study cannot be
applied to patients with mild AD. Third, microbiological
diagnostic tests were not performed in most of our pa-
tients with impetigo and therefore we could not analyse
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the influence of different types of impetigo (e.g., strepto-
coccal, staphylococcal, etc.) on the severity of AD.

Conclusions

Children with AD may suffer from several comorbidi-
ties. Some of them are associated with the pathogenesis
of the disease, and others are the consequence of AD.
Examples of such comorbidities are hypogammaglobu-
linemia, sensitisation to common food and/or airborne
allergens and bacterial skin infections. We found that
the presence of those comorbidities in patients with AD
was associated with a more severe form of the disease.
Therefore, the identification and treatment of such co-
morbidities should represent an important part of the
management of children with AD.
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