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ABSTRACT

Introduction. The role of individual cytokines in the
development of various clinical forms of atopic derma-
titis (AD) and the effect of cortisol on this process in
children have not been sufficiently studied.
Objective. To study the nature of cellular and humor-
al immunity disorders and the content of cytokines
and cortisol in children with AD.

Methods. The study involved 168 children, aged 1
to 18 years, with AD, in whom their immune status
was determined. CD3, CD4, CD8 CD16 CDI19 were
determined by flow cytofluorometry, the concentra-
tion of IgA, IgM, lgG, IgE, IL-2, IL-4, IL-6, IL-10,
INF-y, and cortisol by the ELISA method. The Excel
program, Statistica 6.0 and the on-line SISA calculator
were used. Average values are given in the form (M *
m), where M is the average value of the indicator, m is
the standard error of the mean; n - the volume of the
analyzed group.

Results. The total number of leukocytes in children
with AD did not exceed the norm, but it was likely to
increase in case of a severe course. In all age groups
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REsumE

Parameétres immunologiques et niveaux du cortisol
chez les enfants avec dermatite atopique

Introduction. La contribution des cytokines indi-
viduelles dans la formation de différentes formes cli-
niques de la dermatite atopique (AD), les effets du
cortisol sur ce processus chez les enfants ont été insuf
fisamment étudiés.

Le but de I'étude. Linvestigation des violations de I'im-
munité cellulaire et humorale et le contenu de cytokines
et de cortisol chez les enfants atteints de la MA.
Méthodes. 168 enfants 4gés de 1 a 18 ans atteints de
BP ont été examinés. La détermination de CD3, CD4,
CD8 CD16 CD19 a été réalisée par la cytofluormétrie
d’écoulement, la concentration des IgA, IgM, IgG, IgE,
I'IL-2, IL-4, IL-6, IL-10, INF-y, Cortisol ELISA.

Le programme Excel, Statistica 6.0 et le calculateur
SISA en ligne ont été utilisés. Les valeurs moyennes
présentées sous la forme de (M £ m), ou M - le taux
moyen, m - erreur standard de la moyenne; n - le vo-
lume du groupe analysé.
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and at varying severity of AD, there was a tendency to
lymphocytosis, with severe course of the disease - to
neutrophilia (p<0.05), an increase in the concentra-
tion of CD19 and CD16 (p<0.05). In severe forms of
AD, higher IL-4, IL-6, IL-10 and lower IL-2 and INF-y
were reported. Proliferation to dysimmunoglobuline-
mia was revealed: reduction of serum IgA concentra-
tion, increase of serum IgE and IgG concentrations.
Concentration of cortisol decreased in boys with AD
and increased in gitls.

Conclusion. In the immunopathogenesis of AD there
is an imbalance between individual subpopulations of
T and B-lymphocytes, changes in the differentiation
of Tlymphocytes and their profile of cytokine secre-
tion, dysimmunoglobulinemia, signs of adrenal cortex
dysfunction.

Keywords: atopic dermatitis, T- and B-lymphocytes,
immunoglobulins, cortisol.

Abbreviations: AD - atopic dermatitis, subpopula-
tion of T- and B-lymphocytes -CD, CD, CD, CD,¢
CD,, IRI - immunoregulatory index (CD 4/CDB), IgA,

IgM, IgG, IgE - immunoglobulins, IL-2, IL-4, IL-6,

IL-10 - interleukins, INE-y - interferon-gamma.

INTRODUCTION

The importance of atopic dermatitis (AD) is due
to:

- the epidemiological aspect. The AD incidence
in children ranges between 10% and 20% and
continues to grow steadily?. Persistent atopic
dermatitis is found in 50% of adult patients
diagnosed at school age*;

- the psychosocial aspect: AD, as a chronic disease,
significantly impairs the quality of life of the
patient and his family, leads to disorders in the
emotional sphere and social maladaptation’;

- the scientific and practical medical aspects: the
pathogenesis of AD can not be considered to
be finally elucidated, the current methods of
treatment do not ensure full recovery;

- the economic aspect: treatment per a patient with
mild, moderate or severe AD costs 330, 818 and
1255 Australian dollars per year respectively and
this is higher than the cost of treating children with
insulin-dependent diabetes mellitus and asthma®.

The research over the last decade has identified
genetic, environmental and immunological pathogenetic
factors of AD™2. The factors involved in AD
development are shown in the figure 1'2. More and
more attention is paid to the immune system condi-
tion while searching after fundamental pathogens

Résultats. Le nombre total de globules blancs chez
les enfants atteints de la MA ne dépasse pas la norme,
mais a augmenté de maniére significative en cas d’une
évolution sévere. Dans tous les groupes d’age et a diffé-
rents degrés de gravité de la MA on a observé une ten-
dance a la lymphocytose,une maladie grave la neutro-
philie (r<0,05), des concentrations croissantes de CD19
et CD16 (r<0,05). Dans les formes séveres de 'AD on
a rapporté des niveaux élevés des 1L-4, IL-6, IL-10 et
diminués des [L-2 et INF-y. Une prolifération avec ten-
dance a la dysimmunoglobulinémie a été soulignée: la
réduction de I'IgA dans le sérum, les concentrations
sériques d’IgE et d'IgG augmentent .La concentration
de cortisol chez les garcons avec hypertension artérielle
abaissée, chez les filles avec hypertension artérielle sé-
vere -a augmenté.

Conclusion. Dans I'immunopathogenése de ’AD il y
a un déséquilibre entre les différentes sous-populations
de lymphocytes T et B, des changements dans la diffé-
renciation des lymphocytes T et leur profil de sécrétion
de cytokines, des signes de dysimmunoglobulinémie,
de dysfonctionnement du cortex surrénal.

Mots-clés: dermatite atopique, lymphocytes T et B,
immunoglobulines, cortisol.

mechanisms and improvement of prevention and
treatment options”. According to modern concepts
of AD pathogenesis, an important place in the
functioning of the immune system in this pathology is
given to the indices of the cellular level of immunity -
T cells with helper activity, which produce cytokines
with a multi-directional action. The most important
value in the regulation of the immune response in AD
is given to the cytokines. The changes in the cytokines
system reflect an imbalance between different
populations of the immune system. The immune re-
sponse mediated by type 2 T-helper cells (type 2 im-
munity) predominates in the skin inflammation'*.

It has been proved that the difference in the
immune response by atopic and nonatopic types is
determined by the function of T-cell populations. The
memory cell population stimulated by the antigen
can direct the CD4 T-cell response of the body to the
Th1 or Th2 pathway.

THE OBJECTIVE was to study the nature of cellular
and humoral immunity and the content of cytokines
and cortisol in children with atopic dermatitis.

MATERIAL AND METHODS

The study of the immune status involved 168
AD children aged between 1 and 18 years, who were
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treated in Chernivtsi Regional Clinical Hospital be-
tween 2012 - 2017. The average age of the patients
with AD was 7.4 + 0.6 years. The study included 108
boys and 60 gitls. The inclusion criteria were: age of pa-
tients from 1 year to 18 years; residence in Chernivtsi
region; confirmed diagnosis of AD. The exclusion cri-
teria were: age of children under 1 year; combined al-
lergic and another pathology with inflammatory genesis.
The control group consisted of 30 practically healthy
children. The criteria for including children in the
control group were: the absence of an allergic disease,
non-burdened hereditary history of atopy; the absence
of chronic diseases; absence of infectious diseases
within 3 months before the survey; compliance of the
full blood and urine count with the age norm.

AD in children was diagnosed according to
diagnostic criteria of Hanifin and Rajka (1980).
Children were divided into groups, according to the
severity of the clinical course of the disease (mild,
moderate, severe). The severity of AD was deter-
mined using the SCORAD-TIS (Scoring of Atopic
Dermatitis - The Item Severity) dermatologic index.
Only objective findings were evaluated determining
the index by the formula: SCORAD-TIS=A /5 + 7B
/ 2, where: A - prevalence of skin lesions, B - inten-
sity of clinical manifestations. 6 signs of the intensity
of lesions in the form of erythema, edema/papules,
mycosis/crust, exacerbation, lichenification, dryness
on a scale from 0 to 3 points were taken into account:
0 - absence, 1 - weakly expressed, 2 - moderately
pronounced, 3 - severe. The prevalence was evalu-
ated according to the Wallace rule of nines, where
the area of the palmar surface of the hand was taken
as a unit.

The cellular immunity values (CD CD, CDy
CD,, CD,,) were determined using the flow cytom»
etry method (Epics XL-MCL, «BeckmanCoulter,
USA). The following rates were taken as normal: CD3
= 61.0-85.0%, CD4 = 35.0-55.0%, CD8 = 19.0-35.0%,
CD16 = 12.0-17.0%, CD19 = 7.0-17.0%. The immu-
noregulatory index was calculated (IRI): CD /CD
The value 1.5-2.1 was considered to be normal The
concentration of the serological IgA, IgM, IgG was
determined by the method of competitive immunoen-
zyme analysis (ELISA), while IgE was measured using
the double-antibody method of ELISA. The following
values were considered to be normal: IgA = 1.25-2.5
g/L, IgG = 7.5-18.0 g/L, IgE: < 6 months = 12 U/
mL, 6-12 months = 30 IU/mL, 1.3 years = 45 IU/mL,
4.6 years = 70 IU/mL, 79 years = 90 IU/mL, 10-15
years = 120 IU/mL, > 15 years = 130 IU/mL. The
concentration of 1L-2, IL-4, IL-6, IL-10 and INF-y in
serum was determined by the solid-phase double-an-
tibody method of ELISA. The following values were
considered to be normal: IL-6 = 0-10 ng/L, IL-10 =
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031 ng/L, INF-1, IL-6 = 0-10 ng/L, IL-6 = 0-10 ng/y
= 0-10 ng/L. The levels of cortisol in the serum were
determined by the method of solid-phase double-anti-
body method of ELISA (norm: 155-660 nM/L).

All studies were conducted after the informed
consent was signed by the children (aged over 6
years) and their parents. The work follows the ethi-
cal principles of the people who act as subjects of
the study taking into account the main provisions of
the ICH GCR and the Helsinki Declaration of the
World Medical Association for Biomedical Research,
where a person acts as their object (World Medical
Association Declaration Helsinki 1964, 2000, 2008),
The Council of Europe Convention on Human
Rights and Biomedicine (2007)

Statistical processing of the findings was carried
out using standard algorithms of variation statistics,
a computer program Excel (Microsoft Office, USA),
Statistica 6.0 was used for calculations as well as
on-line calculator SISA (Simple Interactive Statistical
Analysis) using correlation and parametric analysis.
The average values are presented in the form of
(M+m), where M - average value, m - standard error
of the average; n - number of people in the experi-
mental group.

RESULTS AND DISCUSSION

The results of the examination of the cellular
level of immunity in children with AD were evalu-
ated and compared, depending on the severity of the
clinical course of the disease. The total number of
leukocytes in children with AD did not exceed the
norm, but it was likely to increase in case of severe
course, and the rates were higher than in the control
group. In all age groups and with different degrees of
severity of AD it was observed the tendency to lym-
phocytosis, with severe disease - tendency to neu-
trophilia (p<0,05). The subpopulation composition
of peripheral blood lymphocytes, according to
the differentiation clusters, had certain features
depending on the severity of the disease. There was a
statistically significant increase in the concentration
of CDyand CD,, (p<0,05). At the same time, more
expressed changes and deviations in these indicators
were also observed in the more severe course of AD.
In severe form of AD, higher 1L-4, IL-6, IL- and lower
IL-2 and INF-y have been registered. Children with
AD have a tendency to dysimmunoglobulinemia:
decreased serum of IgA concentration, and increased
serum of IgE and IgG concentrations. Concentration
of cortisol in boys with AD is lower, in girls with
AD - higher.

The first type of immune response is observed in
non-atopic patients, and the second one -in patients
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Figure 1. Complex pathophysiology of AD". AD, atopic dermatitis; PDE-4, phosphodiesterase-4; IgE,
immunoglobulin E; IL — interleukin; TEWL, transepidermal water loss; Th2, T helper 2.

with the presence of atopy. Thl type cells synthesize
interleukin -2 (IL-2), y-interferon (IFN-y), tumor ne-
crosis factor-al (TNF -a) and others - these cells and
cytokines cause delayed-type reactions. Th2 type cells
produce interleukins 4, 5, 10, 13 (IL-4, IL-5, IL-10,
IL-13), which are responsible for the development of
atopic reactivity. Cytokines which are synthesized by

Th2 cells are in dynamic opposition to Thl cells and
vice versa.

Endocrine disorders are one of the leading fac-
tors which explain the course of AD from pathogen-
esis position®. It is proved that low hormones concen-
trations make the immune mechanisms active, and
high hormones concentrations suppress it. However,

Table 1. Subpopulation composition of lymphocytes in children with AD, depending on the severity of the
clinical course and in the control group (M + m)

Meimonmse i OD%  CD% D% D% CD%  plip
(fl’fé‘;) 678:027%  6995:0.11" 48.18:009° 22,89:007° oot 1521011 oOF
I‘A(if‘;roa)te 0T 7980140 s3.02:011 1900170 OITF igoqroor 21N
P T pak0as 549005t 15sas0ir T ooy AT

The Cc(’zig‘g)gmup 56.411; 68.40:0.08  45.03:0.17  27,980,19 13:5? 1192:0.11  1.61:0.22

Note. *p - the reliability of the difference between the values in children with AD and in control groups (<0,05).
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the contribution of individual cytokines to the forma-
tion of various clinical forms of AD and the impact
of cortisol on this process in children are not suf-
ficiently studied.

The results of the examination of cellular
immunity in children with AD, depending on the
severity of the clinical course of the disease were
evaluated and compared (Table 1).

Analyzing the parameters of cellular immunity,
it was found that the total number of leukocytes in
children with AD did not exceed the reference value,
but it was increased in the case of severe course, and
the values were higher than in the control group.
There was a tendency to lymphocytosis, and with se-
vere course of the disease a tendency to neutrophilia
(p<0,05) in all age groups and with different degrees
of AD severity. The subpopulation composition of
peripheral blood lymphocytes according to the differ-
entiation clusters had certain features, depending on
the severity of the disease. For instance, all patients

with AD, in comparison with the control group, had
a reliable decrease in the absolute concentration of
the general population of CD;, at the same time, CD,
growth was likely to increase with a possible decrease
of CD,, moreover this ratio was more pronounced
in case of severe course of the disease (p<0,05). As a
result of the imbalance between CD, and CD, lym-
phocytes, IRI increased in AD, and its growth oc-
curred in relation to the increase of the severity of
the clinical course of the disease (p<0,05). There was
a statistically significant increase in the concentration
of CD,, and CD, (p<0,05). At the same time, more
pronounced changes and deviations in these values
were also observed in the severe course of AD.

The findings of cytokine status in children with
AD were different from the control group as well
(Table 2).

The analysis of average interleukin levels in
children with AD showed a statistic reliable decrease
in [L-2, with a possible increase in IL-4, IL-6, IL-10

Table 2. The concentration of serum cytokines and interferon-gamma in children with AD, depending on the
severity of the clinical course (M + m)

The severity of the clinical

course of AD IL-2, ng/L 1L-4, ng/L IL-6, ng/L IL-10, ng/L INF-y, ng/L
(fl’iiéﬁ,l) 3.68+0.04* 1.35£0.02* 5.19+0.07* 7.39£0.06* 6.09+0.08
M(fli%rg)te 3.11£0.01* 2.19+0.04* 9.04£0.13* 9.91x0.23* 3.81+0.05*

(Srf:g 2.23+0.08 3.69:0.11* 17.19+0.53* 17.02£0.51* 2.45£0.18*

The control group (n=30) 5.81+0.09 0.44+0.01 2.13+0.08 5.41+0.10 8.09+0.10

Note.*p - the reliability of the difference between the values in children with AD and those in control groups(<0,05).

Table 3. Concentration of serum immunoglobulins in children with AD, depending on the severity of the
clinical course and in the control group (M £ m)

The severity of the clinical course of AD IgA, g/L IgE, IU/mL 1gG, ¢/L
. 1.530.03* 305.00047.24* 10.24+0.05*
(n=89)
Moderate 1.050.02* 481.24+11.51% 11.79+0.08*
(n=60)
Severe 0.7420.03* 801.57+38.91* 13.19£0.23*
(n=19)
The control group (n=40) 2.21+0.03 26.10£1.96 8.33+0.12

Note. *p - the reliability of the difference between the values in children with AD and in control groups(<0,05).

Table 4. The level of cortisol in children, depending on the AD severity

Moderate form Sewvere form Healthy children
Hormone (M£m) (M+m)
Boys Girls Boys Girls Boys Girls
Cortisol 372.8+ 345.5+ 148.0+ 406.7+ 407.5 407.5
nM/1 58.7 20.0 9.8% 27.3* (CI:155-660) (CI:155-660)

*

Note. *p - the reliability of the difference between the values in children with moderate and severe AD (<0,05); CI - confi-
dence interval.
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compared with the control group (p<0.05), which
was more pronounced in a severe course of the dis-
ease. Investigation of levels of concentration of INF-y
showed its reliable decrease in children with AD
compared with the control group (p<0,05).

Children with AD have a tendency to
dysimunoglobulinemia compared with the control
group. There was a possible decrease in the serum
IgA concentration, which was especially expressed
during a severe course of the disease, and in the same
time there was an increase in the serum IgE and IgG
concentration in children with AD (p<0,05), which
interdepended on the severity of the clinical course
of the disease (Table 3).

Studying the hormonal profile, significant
differences in the values depending on gender have
been obtained. The concentration of cortisol in boys
with severe AD was significantly lower than in chil-
dren with moderate AD (p <0.001, Table 4). At the
same time, the level of cortisol in gitls with moderate
severity is somewhat lower compared to those in
healthy girls, while in severe cases it is higher both
compared to healthy girls and compared to AD
boys. The more severe course of atopic dermatitis is
likely to be accompanied by a situation of chronic
stress, which causes girls to have a higher level of
stress-limiting hormones, specially cortisol.!2

Deviation of the cellular level of immunity with
the development of imbalance between individual
subpopulations of lymphocytes can be found in
children with AD. The course of allergic dermatitis
is accompanied by a decrease in the total number of
T-lymphocytes, with an increase in the number of
Tlymphocyte helper cells and a decrease of the number
of Tlymphocyte suppressors, and a corresponding
increase in the immunoregulatory index, as well as
an increase in the number of B-lymphocytes and
Tlymphocytes of natural killers.?"*

The study of immunopathogenesis of AD
showed that the process of allergic inflammation in-
volves a number of immune cells, whose interaction is
regulated by a cascade of cytokines. In children with
AD the cytokine system was activated. The analysis of
the values of humoral immunity in children with AD
showed a pronounced dysimunoglobulinemia, with a
decrease in serum IgA concentration, an increase in
serum IgE and IgG concentrations. IgA is contained
in the blood serum and synthesized on the skin and
mucous membranes. It belongs to non-specific factors
of immunity protection. IgE and IgG are contained
in the blood serum and easily penetrate into tissues
through the vascular wall. They belong to specific
factors of immunity protection. Thus, the children
with AD had a decrease in the factors of specific and
nonspecific protection, which significantly increases
with increasing severity of allergic dermatosis. The

severe course of AD leads to a pronounced inhibition
of the IgA synthesis, which creates preconditions for
supporting the pathophysiological mechanisms of
sensitization, the penetration of allergens through the
skin and mucous membranes and increases the risk
of developing infectious complications. At the same
time, the synthesis of IgG is stimulated in response
to the re-exposure of antigens, the pathophysiologi-
cal mechanisms of allergic inflammation trigger and
maintain IgE.

CONCLUSIONS

In the AD immunopathogenesis, the deficiency
of cellular immunity manifests at all levels -
quantitative (imbalance between some subpopulations
of T- and B-lymphocytes) and functional (changes in
differentiation of T-lymphocytes and their profile of
their cytokine secretion - decrease in the concentration
of IL-2 and growth of 1L-4, IL-6, IL-10). Changes in
humoral immunity are accompanied by a decrease in
the concentration of IgA, and an increase in IgE and
IgG in the blood serum. Signs of dysfunction of adrenal
cortex were found in children with moderate and severe
AD. The intensity of changes in the values is interde-
pendent on the severity of the clinical course of AD.

Compliance with Ethics Requirements:

»The authors declare no conflict of interest regarding
this article”

,The authors declare that all the procedures and ex-
periments of this study respect the ethical standards in the
Helsinki Declaration of 1975, as revised in 2008(5), as
well as the national law. Informed consent was obtained
from all the patients included in the study”

REFERENCES

1. Namazova-Baranova LS, Baranov AA, Kubanova AA, et al.
Atopic dermatitis in children: current clinical guidelines
for diagnosis and therapy. Voprosy sovremennoi pediatrii.
Current Pediatrics. 20165 15 (3): 279-294. [in Russian].

2. Shaw TE, Currie GP, Koudelka CW, Simpson EL. Eczema
prevalence in the United States: Data from the 2003
National Survey of Children’s Health. Journal of Investigative
Dermatology. 2011;131:67-73.

3. Siegfried EC, Hebert AA. Diagnosis of atopic dermatitis:
mimics, overlaps, and complications. Journal of Clinical
Medicine. 2015; 4: 884-917.

4. Mortz CG, Andersen KE, Dellgren C, et al. Atopic dermatitis
from adolescence to adulthood in the TOACS cohort: preva-
lence, persistence and comorbidities. Allergy. 2015; 70: 836-
845

5. Arima M, Shimizu Y, Sowa ], et al. Psychosomatic analysis
of atopic dermatitis using a psychological test. J Dermatol.

2005;32(3):160-168.

June 2018 / 215



Immunological parameters and cortisol levels in children with atopic dermatitis - SOROKMAN T.V. et al

10.

11.

12.

16.

17.

216

Su JC, Kemp AS, Varigos GA, Nolan TM. Atopic eczema:
its impact on the family and financial cost. Arch Dis Child.
1997; 76:159-162.

Lee ], Noh G, Lee S, et al. Atopic dermatitis and cytokines:
recent patents in immunoregulatory and therapeutic impli-
cations of cytokines in atopic dermatitis-part I: cytokines
in atopic dermatitis. Recent Pat Inflamm Allergy Drug Discov.
2012;6(3):222-47.

Wen H]J, Chen PC, Chiang TL, et al. Predicting risk for
early infantile atopic dermatitis by hereditary and environ-
mental factors. Br J Dermatol. 2009;161:1166-1172.

Harris VR, Cooper AJ. Atopic dermatitis: the new frontier.
Med J Aust. 2017;207(8):351-356.

Wen HJ, Wang Y], Lin YC, et al. Prediction of atopic derma-
titis in 2-yr-old children by cord blood IgE, genetic polymor-
phisms in cytokine genes, and maternal mentality during
pregnancy. Pediatr Allergy Immunol. 2011;22(7):695-703.
Ahn K. The role of air pollutants in atopic dermatitis.
J. Allergy Clin Immunol. 2014;134(5):993-9.

Sayaseng KY, Vernon P. Pathophysiology and management
of mild to moderate pediatric atopic dermatitis. J Pediatr

Health Care. 2018; 32(2):2-12.

. Grove DI, Reid JG, Forbes IJ. Humoral and cellular immu-

nity in atopic eczema. Br J Dermatol. 1975;92(6):611-8.

. Koberle M, Biedermann T. Microbiome, atopic eczema and

blockade of type 2. Hautarzt. 2018 Feb 16.[in German].

. Grange JM. The endocrine system and the immune re-

sponse: prospects for novel therapeutic approaches. QJM:
An International Journal of Medicine. 1996; 89(5):323-326.
Hanifin JM, Rajka G. Diagnostic features of atopic dermati-
tis. Acta Derm Venereol Suppl (Stockh) 1980; 92: 44-47.
Kim SH, Kim SJ, Dukyoo ], et al. The effects of a humor in-
tervention on the physiological, physical, and psychological

/ vol. 53, no. 2

18.

19.

20.

21.

22.

23.

24.

25.

responses of school-aged children with atopic dermatitis in
Sounth Korea: a pilot study. Journal of Pediatric Nursing, 2018,
39:E21-E29.

Blume-Peytavi U, Wahn U. Optimizing the treatment of at-
opic dermatitis in children: a review of the benfit/risk ratio
of methylprednisolone aceponate. Journal of the European
Academy of Dermatology and Venereology, 2011, 25(5):508-515.
Suarez AL, Feramisco ]D, Koo ], Steinhoff M. Psychoneuro-
immunology of psychological stress and atopic dermatitis:
pathophysiologic and therapeutic updates. Acta dermato-
venereologica. 2012;92(1):7-15.

Buske-Kirschbaum A, Ebrecht M, Hellhammer DH. Blunted
HPA axis responsiveness to stress in atopic patients is associ-
ated with the acuity and severeness of allergic inflammation.
Brain Behav Immun. 2010;24:1347-1353.

Pincus M, Keil T, Rucke M, Bruenahl C, Magdorf K, Klapp
BF, et al. Fetal origin of atopic dermatitis. J Allergy Clin
Immunol. 2010;125:273-275. e271-274.

Hon KL, Wang SS, Pong NH, Leung TF. Circulating im-
munoglobulins, leucocytes and complements in childhood-
onset atopic eczema. Indian J Pediatr 2013; 80:128-31.
Toyran M, Akan A, Erkocoglu M, et al. The relationship
between low serum immunoglobulin levels and severity
of atopic dermatitis in young children. Pediatric, Allergy,
Immunology, and Pulmonology 2013; 26:152-6.

Andersson NW, Hansen MV, Larsen AD, Hougaard KS,
Kolstad HA, Schliinssen V. Prenatal maternal stress and
atopic diseases in the child: A systematic review of observa-
tional human studies. Allergy, 2016, 71, 15-26.

Hartwig IR, Sly PD, Schmidt LA, et al. Prenatal adverse
life events increase the risk for atopic diseases in children,
which is enhanced in the absence of a maternal atopic pre-

disposition. J Allergy Clin Immunol. 2014, 134, 160-169.



