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Introduction

Atopic dermatitis (AD, endogenous eczema) is a chron-
ic, recurrent and inflammatory skin disease, often running 
in a family, which is accompanied by severe itching and 
typical skin lesions depending on age. In infants, the first 
eczematous lesions occur on the cheeks. In early child-
hood, the lesions occupy the nape of the neck, dorsal 
surfaces of the limbs and the joint flexural areas. In later 
years, apart from active eczematous lesions, lichenified 
plaques may dominate in the area of joint flexion, head 
and neck. There is a strong association between AD and 
allergic respiratory diseases, asthma, allergic rhinitis and 
conjunctivitis.

Atopic dermatitis poses an important epidemiologi-
cal problem in industrialized countries. The AD prevalence 
is different depending on the age and affects 15–30% of 
children and 2–10% of adults. Over the past three decades 
in industrialized countries, there has been a two- or even 
three-fold increase in the incidence of AD. In total, 45% of 
AD cases are recorded in the first 6 months of life, 60% 
in the first year of life and 85% before 5 years of age [1].

Atopic dermatitis is characterized by chronic inflam-
mation, impairment of the cutaneous-epidermal barrier 
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Abst rac t
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and hypersensitivity to food and environmental allergens 
induced by immunoglobulin E (IgE). More than 50% of 
children with symptoms of AD during the first 2 years of 
life do not have any signs of hypersensitivity associated 
with IgE, but this varies during the course of the disease. 
Adult-onset AD can be also distinguished, in which IgE-
related hypersensitivity does not usually occur [1]. It is 
currently believed that damage to epidermal cells leading 
to the epidermal barrier dysfunction is the primary one, 
and immunological aspects are a secondary phenom-
enon, which, however, further promote and support the 
development of AD [1].

The primary risk factor for AD in children is the oc-
currence of atopic diseases in parents. Approximately 
20–30% of children whose one parent is atopic and 
about 40–50% of children with two atopic parents de-
velop atopic allergy. In only 10% of children suffering 
from atopic disease no symptoms of atopy have been 
found in their parents [2, 3]. A stronger risk factor for AD 
is thought to be associated with the presence of atopy in 
the mother rather than the father [4]. However, a signifi-
cant increase in the incidence of AD in developed coun-
tries over the past three decades cannot be explained 
by genetic predisposition only. It seems to be reasonable 
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that there are other factors that influence the develop-
ment of AD. This is clearly evidenced by the fact that im-
migrants become prone to develop AD in the environ-
ment to which they have moved [5].

Primary prevention

Primary prevention applies to children in whom no 
signs of the disease have been observed yet, but who 
are predisposed to atopic diseases. It aims at activities 
that will reduce the risk of developing AD in the future.

In the 80s of the last century, the so called hygiene 
hypothesis was formulated which was based on the 
observation that atopic diseases were less common in 
children growing up in families with many children [6]. 
It assumed that excessive attention to hygiene, changes 
in eating habits, the widespread use of antibiotics and 
immunization increased the risk of developing AD. It was 
even thought that this might be due to the decreased 
exposure to certain pathogens in infancy.

Numerous studies have confirmed this theory. Ger-
man researchers observed a significantly increased risk 
of AD in children from small families who began attend-
ing kindergarten late in their life. In the case of large 
families, the age of the child who was sent to the crèche 
or kindergarten was not relevant to the development of 
AD [7]. In two other studies, children who previously 
participated in activities in child care centres or crèches 
were at a significantly lower risk of developing AD [8, 
9]. Other observations conducted by Alm et al. on the 
communities adhering to the anthropozoic philosophy 
(the movement founded by Rudolf Steiner in the early 
years of the twentieth century referring to many areas 
of life such as medicine and agriculture) have led to the 
conclusions that AD is much less common in this en-
vironment. This community strongly limited the use of 
antibiotics and immunization, and their diet was based 
largely on fermented vegetables containing Lactobacil-
lus sp. [10].

Recently published studies, however, have not con-
firmed the hygiene hypothesis. Zutavern et al. as well as 
Purvis et al. in their observations did not show a positive 
correlation between AD and the size of the family [11, 
12]. According to Hungarian authors, the fact whether 
the child attends a kindergarten or not, how often it suf-
fers from infection or whether it is brought up at home 
does not affect the development of AD [13]. Moreover, 
the same authors together with Braun-Fahrlander et al. 
and Perkin and Strachan did not observe less frequent 
incidence of AD in children living in rural areas than in 
those from large cities [14, 15].

Infections

The study on the impact of maternal infection dur-
ing pregnancy and future development of AD in children 

has shown that more than two infections significantly 
increase the risk of AD in children [16].

Most authors have focused their research on infec-
tions affecting children and their impact on the develop-
ment of AD. Among others, the impact of mumps, pneu-
monia, diarrheal diseases, measles, and chickenpox was 
described. Most of the studies indicate an increased risk 
of AD in children regularly exposed to infections [17, 18].

In the case of viral hepatitis, herpes simplex virus or 
Helicobacter pylori infections, no association was found 
between these diseases and the prevalence of AD. Nev-
ertheless, in patients after H. pylori eradication, the risk 
of AD was reduced by 30% [19].

Lipopolysaccharide (endotoxin) forming a protein-lip-
id film on the surface of Gram-negative bacteria is known 
as an inducer of IL-10 and interferon γ (IFN-γ). On this ba-
sis, a theory has been proposed which explains the effect 
of animals and the rural environment on reduction of the 
AD risk, due to the greater exposure to Gram(–) bacteria 
infection in this environment. In two studies, German 
and American ones, a negative correlation was observed 
between endotoxin and the risk of AD in the first year 
of child’s life. In the German study, the protective effect, 
however, disappeared in the second year of life [20, 21].

Gastrointestinal endoparasites are a strong promoter 
of Th2-dependent responses associated with the pro-
duction of large amounts of IgE, which in theory should 
increase the risk of incidence of atopic diseases. The 
studies show, however, that the invasion of duodenal 
hookworm, human Ascaris, and Schistosoma haemato-
bium protects against the development of asthma and 
atopy, and reduces the occurrence of positive skin tests 
to house dust mite (HDM). The explanation of this phe-
nomenon can be related to the production of anti-inflam-
matory cytokines in the course of chronic helminthiasis 
[22, 23].

Vaccination

Vaccination is associated with increased exposure 
to infectious antigens, which can exacerbate the Th2 re-
sponse and thus promote the development of atopic dis-
eases. Adjuvants and vaccine stabilizers may also induce 
allergy. Farooqi and Hopkin have shown a slight increase 
in the risk of AD in 12-year-old children after vaccination 
for whooping cough, tetanus and diphtheria [24]. In the 
Danish study, there was almost a twofold increase in the 
risk of developing AD in children aged 3–15 years after 
vaccination against measles, mumps and rubella [25]. In 
several other studies, no association between vaccina-
tion and an increased risk of the AD development was 
found [26, 27]. However, in a recently published study, 
Martignon et al. [28] observed a significantly lower risk 
of asthma and atopic diseases in children vaccinated 
according to the vaccination schedule than in children 
who were not vaccinated. They did not notice significant 
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differences between the type of vaccination, number of 
injections, and the development of AD. An increased pro-
tection was observed only in the case of live-attenuated 
oral poliovirus and the bacillus Calmette-Guerin (BCG) 
vaccine. The authors also indicated that vaccination may 
promote the Th1 response and reduce the risk of develop-
ing AD via this mechanism.

Tuberculosis, BCG

In a number of studies, no relationship between 
tuberculosis, BCG vaccination and the development of 
atopic diseases has been stated [29–31]. Tuberculosis 
is a disease inducing Th1 response and might therefore 
contribute to reducing the incidence of AD. In the Japa-
nese study, 50% lower risk of developing AD was report-
ed in children aged 12–13 years with a strong response to 
tuberculin, which is associated with the promotion of Th1 
response and the production of IFN-γ [32].

Antibiotics

The study results on the effects of antibiotics in chil-
dren and the risk of AD often show a positive correlation 
[24, 33–35]. In two investigations, the association was 
not significant [36, 37]. It is believed that the use of an-
tibiotics can contribute to an increased risk of AD since 
antibiotics destroy the intestinal flora, affecting in this 
way the immune system.

Results of research on the influence of Lactobacil-
lus on the course of AD suggest that their administra-
tion significantly reduces the risk of AD or its severity. 
In a randomized double-blind placebo-controlled test, 
1 × 1010 colonies of Lactobacillus rhamnosus vs placebo 
were administered to pregnant mothers with a history 
of atopy. They were given for 2–4 weeks before the birth 
to mothers and for 6 months after the birth to children 
or nursing mothers. Observations were made for 2 years. 
The prevalence of AD in children who received these bac-
teria was 50% lower compared to placebo [38, 39].

Perkin and Strachan found that children who drank 
unpasteurized milk, which contains probiotic bacteria, 
irrespective of the place of living, were at a much lower 
risk of developing AD. Consumption of such milk affected 
the reduction in total IgE levels in serum and correlated 
with a significant increase in the production of IFN-γ [15].

Breastfeeding

The relationship between breastfeeding and the de-
velopment of atopy and food allergy in early childhood is 
controversial. Exclusive breastfeeding of infants up to 6 
months of age is recommended for prevention of atopic 
diseases. It is suggested that a low concentration of 
cow’s milk proteins in human milk may induce tolerance 
to those proteins [40]. Also compounds like polyunsatu-

rated fatty acids (PUFA) and cytokines from breast milk 
may affect the risk of allergy. Some authors observed that 
a small quantity of α-linolenic acid and high proportion 
of n6/n3 fatty acid in breast milk increase the frequency 
of atopy [41, 42]. Many authors agree that breastfeed-
ing up to 3 months of age reduces the risk of allergy or 
causes that its course is milder [43–45]. A study of 4089 
children shows that breastfeeding for at least 4 months 
reduces the incidence of eczema up to 4 years of age 
[46]. Another study, in which children under the age of 
17 were observed, revealed a close relationship between 
exclusive breastfeeding of infants up to 6 months of age 
and a lower risk of eczema in the first and third year of 
life. The authors also emphasize the beneficial effect of 
breastfeeding on the symptoms of respiratory allergies, 
as compared to children breastfed for less than 3 months 
[47]. Australian researchers based on their observations 
reported that the introduction of foods other than breast 
milk before the age of 4 months of age significantly in-
creases the risk of asthma and atopy in children over  
6 years of age [48].

In several other studies, the authors did not show any 
relationship between breastfeeding and a lower preva-
lence of atopic diseases [49, 50]. Swedish researchers 
observed a group of 8300 children born between 1997 
and 1999 for the relationship between the development 
of AD and exclusive breastfeeding. They stated that the 
duration of breastfeeding did not affect the development 
of AD [51].

There are also studies in the available literature 
that describe an adverse effect of breastfeeding on 
the development of allergic diseases. Bergmann et al. 
[52] demonstrated that several-month breastfeed-
ing of infants whose parents suffer from allergic dis-
eases increases the risk of atopic eczema, however 
more often when the mother is genetically loaded. 
Moreover, the results from New Zealand indicate 
the adverse effect of exclusive breastfeeding up to 
6 months of age on the risk of developing AD [12]. 
Breastfeeding may predispose to development of al-
lergy to cow’s milk and the other proteins in suscep-
tible children. This is a result of ingestion of low doses 
of the antigen especially when mother’s milk contains 
low amounts of IgA and transforming growth factor β 
(TGF-β) [53].

Whether breastfeeding has a protective influence 
against atopy remains controversial. It is due to the fact 
that we cannot conduct randomized double-blind studies 
for ethical reasons.

Breastfeeding can also worsen the skin condition 
in children with severe atopic eczema, especially in IgE-
mediated food allergy. This is a result of presence of food 
allergens in mother’s milk who does not follow a restric-
tion diet. More than 60% of children in Heine et al.’s study 
present IgE sensitization (FS-IgE) to products which had 
not been ingested directly. What is more, in 18% of chil-
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dren an acute allergy reaction after first exposure to cow’s 
milk, eggs and nuts occurs [54]. It suggests that FS-IgE is 
acquired during pregnancy – transplacentally or during 
breastfeeding. It could explain the fact that some studies 
show that restrictive diet without milk, eggs or fish during 
lactation have a protective effect on children against atopy 
[55, 56]. However, the majority of authors do not confirm 
that the special diet during breastfeeding and pregnancy 
may decrease frequency of food allergy [57–59]. Several 
prospective studies show a preventive effect on develop-
ment of AD in high-risk infants fed with extensively hydro-
lysed formulas (eHF) with avoidance of cow’s milk proteins 
and solid food until 4 months of age. Nevertheless, eHF 
in infants older than 6 months who were fed with breast 
milk previously do not protect them against atopy better 
than cow’s milk formulas (CMF). There is no evidence of 
preventing the development of allergy by restrictive diet 
after 6 months of age. Studies do not show any difference 
in allergy development between eHF or breast milk inges-
tion for the first 4–6 and 12–24 months [60–63].

Animals

Many authors believe that the possession of fur ani-
mals in the house positively affects the development of 
the child’s immune system and may have a protective 
impact on the development of atopic diseases. The fact 
that parents with a history of atopic diseases often avoid 
animals may pose a problem in the interpretation of the 
study results. According to Ludvigsson [63], keeping fur 
animals in the house significantly reduces the incidence 
of AD in children and is not related with the occurrence 
of atopic tendency in the family. Schoetzau et al. drew 
similar conclusions from their research [64]. The muco-
sal immune system of newborns produces specific mol-
ecules against intestinal bacteria which may contribute 
to the response to other antigens such as animal and 
food allergens. It is thought that early exposure to animal 
allergens plays a protective role in this process. Several 
studies suggest that the immune response to animal al-
lergens appears already in intrauterine life. Furthermore, 
high concentrations of IgG antibodies directed against 
animal allergens are associated with a lower prevalence 
of atopic changes up to 8 years of age. Purvis et al. in 
their research [12] estimated that keeping cats by chil-
dren aged 3–5 years has a negative correlation with the 
development of AD. According to another author, expo-
sure to more than one cat in the 1st year of life may re-
duce the risk of sensitization to the allergen panel but 
not to cats [65]. However, having a dog prevents the 
development of asthma symptoms but does not reduce 
sensitization to dogs [66]. Epidemiological studies sug-
gest that the prevalence of sensitization to dogs is lower 
in the environment with low levels of allergens [67]. 
Some authors even believe that having pets can predis-
pose to the development of AD [68].

Apartment renovation

Wen et al. in their study in Taiwan [69] reported that 
children born to mothers who during pregnancy had 
been housed in renovated areas were more likely to de-
velop AD. Wall paints, floor varnishes and new furniture 
secrete chemical substances such as pigments, mono-
mers, solvents and surfactants. Many of them have been 
found to promote the development of allergies. Volatile 
organic components pass through the placenta to the 
foetus and lead to increased production of IL-4 and IFN-γ 
decrease. In addition, they destroy the epidermal barrier 
function and enhance the adverse effect of house dust 
mite (HDM) on patients with allergy to dust mite.

Fungi

In the same study, the author described a significant 
relationship between the risk of developing asthma, 
atopy and respiratory tract symptoms, and the pres-
ence of Aspergillus and Penicillium fungi in the place 
of residence. The larger the number of occupied walls, 
the higher the risk is. In this case, specific conditions in 
Taiwan, where the average temperature is 15–30°C and 
humidity is 70–80%, favour the fungal growth on walls. 
In our climatic conditions, this is probably not such an 
important issue.

The beneficial methods which can protect against 
development of AD are:
–  breastfeeding or ingestion eHF in the first 4–6 months 

of age,
–  introduction of solid food after 4–6 months of age,
–  administration of probiotic bacteria in pregnant 

women 2–4 weeks before delivery and in infants for  
6 months after birth,

–  reduction of administration of antibiotics in infants,
–  avoiding houses under renovation during pregnancy,
–  avoiding infections in infants.

Secondary prevention

Secondary prevention refers to subjects with diag-
nosed AD and consists of measures aimed at preventing 
the appearance of skin lesions as well as reducing the 
use of strong pharmacotherapy.

Epidermal barrier

The stratum corneum – the outermost layer of the 
epidermis – creates the barrier against the penetration 
of allergens and irritants. The presence of the intercel-
lular components called corneodesmosomes ensures 
the integrity of this layer. Corneocytes that make up the 
stratum corneum are flattened cells devoid of nuclei with 
densely packed keratin fibres, which constitute the final 
stage of keratinocyte differentiation. During the forma-
tion of the corneocytes, granule cells secrete granules in 



Postępy Dermatologii i Alergologii 6, December / 2015 

Role of primary and secondary prevention in atopic dermatitis

413

the form of lamellar bodies into the extracellular space. 
Secretion includes lipid components such as cholesterol, 
ceramide precursors, free fatty acids and enzymes need-
ed for their formation. They fill the intercellular space 
forming a bilayer lipid matrix and a water-fat coat along 
with sebum and sweat on the skin surface. Lipids derived 
from lamellar bodies prevent transepidermal water loss 
(TEWL) and the penetration of hydrophilic substances. 
Moreover, lamellar bodies provide the stratum corne-
um with proteases and their inhibitors nourishing cor-
neodesmosomes. Disorders of maturation and lamellar 
body delivery have been documented in patients with 
AD. This results in a reduced amount of fatty acids, lip-
ids and enzymes of the stratum corneum, leading to the 
damage to the epidermal barrier functioning.

During differentiation of keratinocytes their mem-
brane is converted to the insoluble horny plate, a layer 
called a cornified envelope, which gives strength and 
forms a scaffold for lipid binding. The cornified envelope 
is composed of structural proteins, loricrin, involucrin, 
filaggrin, and small proline-type peptides. Filaggrin is es-
pecially important because it aggregates collagen fibres 
of the cytoskeletal cells into bundles, thus flattening the 
corneocyte into the disc of a large outer surface. In ad-
dition, filaggrin is degraded to short peptide chains and 
free amino acids, which are components of the natural 
moisturizing factor (NMF), which includes, among others, 
lactic acid, carboxylic acid, pyrrolidone carboxylic acid, 
procaine acid and urea. The NMF is essential for water 
retention within the corneocyte, which allows to main-
tain optimal hydration. Pyrrolidone carboxylic acid and 
lactic acid are humectants, which are compounds with 
strong hygroscopic action. They prevent the formation of 
gaps between corneocytes and maintain the integrity of 
the stratum corneum, making it resistant to penetration 
of allergens. Furthermore, acids derived from NMF can 
produce acidic skin pH (5.4–5.9), which helps to main-
tain the proper barrier function, being involved in the 
process of exfoliation, warrants appropriate permeability 
and proper adhesion, as well as exerts an antimicrobial 
effect and favours skin colonization by non-pathogenic 
bacteria. Deeper layers of the skin have a higher pH. 
This is associated with activity of enzymes that work un-
der certain conditions. Serine proteases involved in the 
process of exfoliation need neutral pH, and cathepsin,  
β-glucocerebrosidase and acidic sphingomyelinase re-
quire acidic environment. PH gradient along the epider-
mis is very important in regulating shedding and generat-
ing lamellar bodies.

In patients with AD, a mutation in the gene encoding 
prophilagrin, the precursor of filaggrin, can be observed, 
which contributes to the reduction in the filaggrin and 
NMF level in the skin of these patients. This leads to 
a decrease in water holding capacity due to the reduced 
amount of humectants and the impairment in the corni-
fied envelope structure and the reduction in elasticity and 

mechanical resistance. The barrier defect increases the 
risk of penetration of irritants and allergens. In addition, 
there is a significant increase in pH of the stratum cor-
neum of the healthy skin and that with eczematous le-
sions. The increase in pH is also manifested in increased 
activity of serine proteases and their higher concentra-
tion in the stratum corneum. Moreover, pH increase 
reduces the activity of cathepsin, β-glucocerebrosidase 
and sphingomyelinase, which require an acidic environ-
ment contributing to ceramide decrease. It is suggested 
that their activity is an important indicator of damage 
to the barrier. Activity of trypsin, tryptase, plasmin, and 
urokinase (they activate the PAR2 receptor through which 
inflammatory response and itching sensation are mediat-
ed) positively correlates with transepidermal water loss, 
and inversely with the hydration of the epidermis layers. 
Serine proteases and their inhibitors are involved in the 
process of the stratum corneum desquamation by reduc-
ing corneodesmosome adhesion. Corneocytes peeled 
from the surface of the skin are constantly replaced by 
the epidermal cells that have completed the process of 
terminal keratinization. Peeling provides the balance to 
the skin barrier and allows to continue the epidermal cell 
regeneration.

Clinical studies have shown that the filaggrin gene 
mutation results in skin dryness, roughness and sensitiv-
ity. There is a positive correlation between the severity of 
the disease and the impairment in the skin barrier [70].

Protection of the skin barrier

In order to restore the barrier function in patients 
with AD, prevention measures focused on avoiding con-
tact with irritants, especially exsiccating ones should be 
used together with regular and proper care.

Atopic dermatitis patients should avoid using soap 
and detergents, which are one of the most common 
causes of skin irritation. Detergents function through 
emulsification of surface lipids both natural and of ex-
ternal origin, which are then washed with water. The 
negative effect of a surfactant on the skin barrier is re-
flected in an increased TEWL, which is intensified in pa-
tients with AD. Washing the skin with soap contributes 
to the pH increase for at least 90 min. This impairs the 
barrier function in the protease-dependent mechanism. 
The irritating effect of soap and detergents can be partly 
explained by an increased release of proinflammatory 
cytokines from the corneocytes. The use of detergents 
additionally interferes with the expression of key mark-
ers of keratinocyte and proteolytic enzyme differentia-
tion. Cosmetics, containing various preservatives, dyes 
and fragrances, are, apart from soap and detergents, 
substances that can cause irritation. Therefore, the best 
way is to use products with fewer ingredients which do 
not contain any preservatives and are colourless and 
odourless.
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New clothes contain high levels of formaldehyde, 
which can also irritate the skin. Thus, it is advisable to 
always wash all new clothes before use. Washing pow-
ders can also be a source of irritation, especially when 
they remain on clothes after laundering. Washing gels, 
free of phosphates and extra rinses are recommended. 
However, we do not recommend the use of bleaching or 
softening agents.

The environment that surrounds us is important in 
AD prevention. The air temperature should be about 
18–22ºC. In summer, subjects susceptible to AD should 
stay in air-conditioned rooms, which should be heated 
in winter. Frequent and sudden changes in temperature 
are not beneficial. Air should be adequately humidified 
and appropriate air humidifiers should be used in winter. 
Frequent baths are not advisable, especially in very hot 
water. Fluorescent light and excessive exposure to UV ra-
diation should be avoided. The use of suitable protective 
SPF filters is recommended. Moreover, topical corticoste-
roids, so often used with great success in AD, lead to the 
thinning of the skin and reduction in the amount of in-
tercellular lipids resulting in increased TEWL. This favours 
the recurrence of eczema lesions after discontinuation of 
topical corticosteroids.

Emollients are the basic substances used in skin care 
of patients with AD, which affect the recovery of the im-
paired skin barrier. They are based on a biologically inert 
substrate presenting two types of particles – oil-in-water 
(O/W) or water-in-oil (W/O). Lipids used in the produc-
tion of emollients are animal fats, vegetable oils, waxes, 
cocoa butter, and mineral hydrocarbons. Enriching sub-
stances which supplement lipid substances in the skin, 
such as ceramides, phospholipids, waxes, squalenes, 
cholesterol and free fatty acids are also added. Emol-
lients work in two ways: via hydration of the epidermal 
stratum corneum due to the presence of water-binding 
ingredients as well as via reduction in the TEWL due to 
the occlusal action. The components which penetrate the 
epidermis and bind water are the following: urea, pyrrol-
idone carboxylic acid, glycerol, hyaluronic acid and lactic 
acid. Lipids, animal fats, vegetable oils and waxes as well 
as fruit acids are the factors which seal the epidermal 
barrier. Some emollient components also have anti-mi-
totic, anti-itching and anti-inflammatory activity owing to 
the inhibition of the prostanoid production, which affects 
cyclooxygenase. Emollient action lasts up to 6 h so it is 
important to repeat its application and to use the agent 
regularly [71, 72].

Bacterial superinfections

The skin of AD patients is susceptible to coloniza-
tion by Gram-positive Staphylococcus aureus, which is 
found in up to 90% of patients. Both the inflammatory 
microenvironment and the defective epidermal barrier 
are characterized by the increased permeability, which 

predisposes the skin to colonization by this pathogen. 
The increased surface pH and reduced levels of higher 
fatty acids (HFA), ceramide metabolites, and sphingo-
sine, which have antimicrobial properties, make the skin 
more likely to be colonized by Staphylococcus aureus. In 
addition, antimicrobial proteins, the product of human 
cathelicidin LL-37 (hCAP), and the human β-defensin 2 
and 3 (hBD2, hBD3) are reduced in the Th2-dependent 
mechanism. LL-37 is essential to maintain the integrity 
of the epidermis, and hCAP and hBD3 play an important 
anti-Staphylococcus role.

Staphylococcus aureus alone adversely affects the 
barrier function, worsening its defect. Surface proteins 
of S. aureus reduce HFA production and increase cerami-
dase production. At the further stage of the disease, non-
toxigenic Staphylococcus strains are replaced by strains 
generating enterotoxin, which is likely to promote and 
maintain inflammation giving rise to a further cause of 
itching. Staphylococcal enterotoxin can act as a superan-
tigen stimulating proliferation of T and B cells [73]. T lym-
phocytes activated by enterotoxin produce significantly 
more IL-31 in patients with AD as compared to the con-
trol group. Interleukin-31 is one of the mediators which 
induces inflammation and itching in AD patients [74]. 
Enterotoxin also increases the expression of a glucocor-
ticosteroid-induced protein ligand, thus inhibiting activity 
of regulatory cells, and evokes a beta receptor isoform for 
glucocorticosteroids in mononuclear cells, which favours 
the formation of resistance to glucocorticosteroids [1].

Adequate skin care that restores proper functioning 
of the skin barrier plays an important role in prevention 
of S. aureus infections. Among the newly developed ther-
apies preventing bacterial colonization of the skin, the 
probiotic bacterium, S. epidermidis, is mentioned, which 
affects the growth of β-defensin 2 and 3 production 
through the increased expression of toll-like receptor 2 
(TLR2). This provides promising results in prevention of 
this pathogen colonization [75]. In addition, ribonuclease, 
RNase 7, usually occurring in the human skin, exhibits 
the antimicrobial activity. Its expression is induced by 
IL-1β and IFN-γ. RNase 7 is quickly produced in the skin 
(within 2 h) after the penetration of staphylococci, which 
effectively inhibits further colonization [76].

Importance of food allergy

Food allergy usually afflicts children up to the age of 
2 years but it is not so important in adults. Food allergens 
may contribute to triggering and exacerbating AD. It has 
not been established until now whether this takes place 
due to the allergic or non-immune mechanism. Food al-
lergy occurs in approximately 30% of people with a se-
vere or moderate form of AD, which is confirmed by dou-
ble-blind placebo-controlled trials. Eggs, milk, wheat, soy, 
peanuts, hazel nuts, and fish are the most common food 
allergens. Diagnosis of food allergy should begin with 
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a thorough history, and only then allergy tests can be 
performed. Elimination diet is not recommended when 
the probability of food allergy confirmed by the tests is 
not high because this diet may lead to patients’ malnu-
trition and poor quality of life. However, if allergy tests 
indicate a high probability of the allergic factor triggering 
allergic symptoms of AD, the elimination diet should be 
used for 4–6 weeks. When the test results are inconclu-
sive, the diet low in allergenic food products should be 
used for 3 weeks. Infants are fed highly hydrolyzed cow’s 
milk or amino-acid derived formulas. An oral provocation 
test is however the gold standard for the diagnosis of 
food allergy. If allergy symptoms persist for 4 weeks of 
using the elimination diet, food allergy can most likely be 
excluded as a cause of allergy symptoms. If at this time, 
a significant improvement has been observed, there is 
a good chance that food products are the cause of the 
ailments. Treatment is based on the diet eliminating al-
lergenic types of food. As for infants who are breastfed 
often the restrictive diet of the mother is recommended. 
The antigens against cow’s milk, eggs, wheat, nuts were 
detected in breast milk within 2–4 h after ingestion. That 
is why infants suffering from atopic eczema with cow’s 
milk allergy may develop the skin lesion several hours 
after maternal ingestion of cow’s milk products [77, 78]. 
Sometimes the breastfeeding or cow’s milk formulas can 
provoke the skin lesion in children with severe AD. In this 
case, the cessation of breastfeeding or cow’s milk for-
mulas and administration of hydrolysed formulas greatly 
improves the condition of the skin and is recommended. 
It is very important to educate patients and their fami-
lies as to the proper reading of labels on food products: 
they should not contain even traces of sensitising food. 
Food allergy will subside in one-third of children within  
3 years, on condition that the recommended diet is strict-
ly observed, which inhibits hypersensitivity to a particular 
nutritional component in the future. Whether food allergy 
subsides and how quickly it happens largely depends on 
the type of sensitizing food. Food allergy should quickly 
disappear when the sensitization has been caused by 
egg white, milk or wheat. If a child is allergic to nuts, fish 
or seafood, the symptoms associated with the consump-
tion of these products may persist even for the whole 
life. Allergy should be controlled every 12–18 months. The 
measurement of food-specific IgEs may also be helpful 
in determining the prognosis. The lower their level, the 
greater the chance for faster relief of allergy is [79, 80].

Role of inhalant allergens

After the third year of life, the prevalence of food 
allergies decreases, however, that of inhalant allergies 
increases. The concentration of IgE to inhalant allergens 
increases with age. Sensitization to pollen is observed 
in 3–4 year-old children [81] but it can occur even dur-
ing the first month of age [82]. The results of Swedish 

authors show that excessive exposure to birch-pollen al-
lergens in early infancy increases the risk of birch-pollen 
allergy and pollen induced asthma [83]. A study of Breuer 
et al. proves that children with AD and birch-pollen al-
lergy more often develop late eczematous reaction after 
ingestion of birch-pollen associated food [84]. Patients 
with pollen allergy often develop IgE response to cross-
reactive food allergens. Plants which induce sensitiza-
tion come from Rosaceae, Solanaceae and Umbelliferae 
family. We distinguish apples, hazelnuts, carrots and cel-
eries which most often cause allergy [85]. It is proved 
that birch pollen-related food may lead to deterioration 
of the skin condition [86]. When dealing with moderate 
to severe AD, positive test reactions to mites, mould, 
yeast and animals can be more frequently observed. 
Their role in the pathogenesis of AD has not been well 
understood. Contact with inhaled allergens may lead to 
eczema. The skin contact with these allergens may cause 
inflammation. Specific IgEs against house dust mites are 
detected in 95% of patients with AD and only in 42% 
of those with asthma. A medical history, skin prick tests 
(SPT) and specific IgE measurements are helpful in the 
diagnosis of AD. Atopic patch tests (APT) are also used 
as a diagnostic tool to assess skin reactions to different 
inhaled allergens. APTs have higher specificity than skin 
prick tests and measurements of specific IgE but lower 
sensitivity. The indications for performing APT are the fol-
lowing: a suspicion of inhalant allergy due to negative 
results of SPT and specific IgE measurements, severe and 
refractory AD, the lack of a known causative factor, and 
the presence of hypersensitivity to a variety of allergens 
when the relationship between the disease and any of 
the above factors has not been clinically confirmed. In 
the treatment and prevention of AD, the most important 
thing is to avoid the allergen. The most common aller-
gens are house dust mites (HDM) that develop in the 
warm and humid environment [79]. It is therefore neces-
sary to maintain the room humidity within 40–50% and 
the temperature of 18–19°C. Frequent airing the rooms 
and the use of vacuum cleaners with special anti-allergic 
filters are recommended. Eiderdowns and feather pillows 
should be removed and replaced with anti-allergic bed-
ding. The mattresses should have special covers; carpets, 
curtains and upholstered furniture, which are favourable 
dust mite habitats, should be removed. In the case of 
sensitization to another inhaled allergen, an attempt 
should be made to eliminate it from the surrounding en-
vironment.

Pruritus/itching

Itching, one of the primary symptoms of AD, is the 
criterion for the diagnosis of this disease and adversely 
affects the quality of patient’s life. As it is most pro-
nounced during the night, it results in sleep disorders. 
It also contributes to psychosocial disorders such as 
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depression, agitation, anxiety, changes in eating habits, 
decreased self-esteem, and difficulties in concentration. 
Itching leads to scratching which further causes destruc-
tion of the epidermal barrier function, inducing inflam-
matory symptoms. Pruritus pathogenesis is not well un-
derstood. It is known that it involves mechanisms of the 
peripheral and central nervous system as well as media-
tors associated with the formation of pruritus. Proteases 
present in excessive amounts in the epidermis of AD pa-
tients play an important role in mediating itching through 
activation of the PAR2 receptor, whose expression is in-
creased in epidermal nerve fibres, keratinocytes and the 
endothelium in AD patients. Additionally, the concentra-
tion of mast cell tryptase, an agonist of PAR2, is signifi-
cantly increased, whereas the concentration of histamine 
is normal. Histamine-sensitive afferent nerve fibres that 
convey the feeling of itching have been identified among 
the human peripheral nerve fibres. Similar nerve fibres 
that connect the dorsal horns with the thalamus have 
been also detected in cats. This suggests the existence 
of a specialized neural path for itching sensation. On the 
other hand, even antihistamines cannot eliminate large 
quantities of pruritus in patients with AD, which means 
that histamine is not a major mediator of itching. More-
over, proteinase activation increases in staphylococcal 
infections and allergic skin diseases, which aggravates 
the course of AD. Mediators secreted by keratinocytes 
such as opioids, proteases, substance P, neurotrophin, 
acetylquoline and endocannabinoids have been found to 
be involved in formation of itching.

Positron emission tomography and magnetic reso-
nance imaging show the areas of the cerebral cortex re-
ceiving itching sensation, which are also involved in the 
process of experiencing pain. Studies have demonstrated 
that these areas are different in healthy subjects and 
patients with AD. In the case of healthy individuals, the 
areas receiving itching sensation are located only within 
the sensory cortex, and in the case of AD patients, the 
structures of the brain responsible for receiving emotion 
are also involved in this process [87].

Factors such as sweating, dry skin, physical effort, 
emotional stress, wool or synthetic fibres, hot water, 
and certain foods can aggravate itching. A simple way 
to control the itchy skin is its cooling through properly 
selected clothes to match the ambient temperature. The 
adequate care involves wearing bright, cotton, loose-fit-
ting clothes. Direct skin contact with wool, silk and flan-
nel should be avoided along with overheating, excessive 
heat and excessive humidity. Temperature and humidity 
should be selected so as not to make the patient sweat. 
The sweat additionally irritates the skin of the AD pa-
tient, which increases itching. Staying in air-conditioned 
rooms is recommended in summer. Relatively normal ev-
eryday activities including sport should be maintained. 
Swimming seems to be the most recommended physical 
activity. Patients do not sweat during effort and their skin 

is not irritated by clothing. They should remember about 
taking a shower immediately after leaving the chlori-
nated water. Moderate exposure to the sun is also rec-
ommended. Patients should use creams with UV filters. 
In many AD patients, UV radiation reduces skin lesions, 
however longer exposure can result in significant skin ir-
ritation. The measures used to control dry skin can also, 
to a large degree, help to reduce the itching sensation. 
First of all it is advisable to use emollients regularly.

Stress

Recent studies show an important role of stress in the 
evolution of AD and highlight the relationship between 
psychological factors and elements of the neurological 
and immune systems. Atopic dermatitis is characterized 
by lesions in the immune system with a strong response 
to non-specific factors, which is mediated by Th2 cell 
line activating B cells to produce immunoglobulins. It ap-
pears that polarization towards the Th2 response occurs 
in early childhood and may be associated with stress. The 
number of eosinophils and the IgE expression increase 
in response to stress-generating factors. Stimulation of  
T cells in response to stress takes place in several mech-
anisms. Stress hormones exert an immunosuppressive 
effect mainly directed towards the Th1 cells, thus result-
ing in the dominance of the Th2 response. Another path-
way to stimulate the immune system cells leads through 
the fibres of the nervous system. The neuro-immune 
signal transduction involves neuropeptides and neuro-
hormones. The crucial combination of the nervous and 
immune system is the interaction between nerve fibres 
and the mast cell. Mast cell degranulation takes place 
due to the stimulation by various substances secreted 
into the nerve endings including SP and calcitonin gene-
related peptide (CGRP). The number of connections be-
tween the nerve cells and mast cells is elevated in AD 
patients, both in the healthy and pathologically changed 
skin. Reduced reactivity of the hypothalamic-pituitary-
adrenal axis, which may be due to the reduced expres-
sion or function of receptors for glucocorticoids can be 
observed in the course of stress. Children of mothers 
who during pregnancy were subject to prolonged stress 
have an increased cortisol secretion in response to stress, 
and the reduced ratio of Th1/Th2 cells. Stress occurring 
in childhood causes sensitization of the hypothalamic-
pituitary-adrenal axis, which increases susceptibility to 
stress in adulthood. A similar response is observed in pa-
tients with AD. Excessive stimulation of the hypothalam-
ic-pituitary-adrenal axis in response to collecting a blood 
sample from the heel was observed in newborns with el-
evated IgE levels or a positive family history of atopy. It is 
most likely that corticotrophin-releasing hormone (CRH) 
is involved in the pathogenesis of the above lesions. In-
creased activity of CRH is a persisting consequence of 
early stress. Epidermal cells of hair follicles produce CRH, 
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which locally stimulates mast cells to degranulation. In 
addition, the skin cells produce proopiomelanocortin 
and its products: α-MSH, adrenocorticotropic hormone 
and β-endorphins. Thus, the skin secretes the same 
hormones which are secreted on the hypothalamus-
pituitary-adrenal pathway reflecting the phenomena in 
the peripheral nervous system. The local production of 
glucocorticosteroids in the skin is also possible due to 
the presence of all the necessary components. Some pro-
teins such as proopiomelanocortins have the suppressor 
potential. α-MSH inhibits IL-1, -2, -6, tumor necrosis fac-
tor α (TNF-α), and adhesion molecules and increases the 
level of IL-10, whose dermal application as well as intra-
cerebral injection inhibit a delayed-type hypersensitivity 
reaction. In addition, stress adversely affects the integrity 
and adhesion of the stratum corneum which may result 
from increased blood levels of glucocorticosteroids.

Based on many reports highlighting the role of stress 
in AD, it is thought that an attempt should be made to 
reduce the level of stress, which can decrease severity 
of skin lesions. There are many types of therapies aimed 
at reducing perceived stress including psychotherapy, 
relaxation therapy, hypnosis, massage or acupuncture. 
Psychological treatment should help to relieve anxiety, 
improve response to frustration and change the patterns 
of itching-scratching. Cognitive behavioural therapy is 
used to gain insight into the problems associated with 
AD as well as to change behavioural patterns. It involves 
a positive conversation with oneself, replacing a nega-
tive one, and presents new opportunities to change the 
thought patterns of the patient. Destructive behaviour 
such as scratching should be replaced with less harmful 
action, which should be repeated for a long time until it 
becomes a conditional action. Education and parents’ in-
sight into their emotions, which can alter their behaviour 
towards the sick child, play an important role. The results 
of the use of autogenous training, cognitive-behavioural 
therapy, and educational program translate into reduced 
doses of corticosteroids as compared to AD patients 
treated only with the standard method.

Various forms of relaxation therapy, biofeedback 
autologous training, massage or hypnosis, are recom-
mended. They are designed to reduce the level of anxi-
ety and stress, but the results achieved in controlled 
studies in AD are often unsatisfactory. Biofeedback can 
be useful in diseases with an autonomous component, 
e.g. when there is a predominance of the sympathetic 
system in AD patients. Patients learn how to establish 
new patterns of behaviour by a conscious change in au-
tonomic responses. Hypnosis can intensify the effects of 
biofeedback and support other treatments. Hypnosis is 
a condition in which the patient accepts the suggestions 
of the therapist, facilitating the creation of the new re-
ality. The mechanism through which hypnosis improves 
skin conditions in dermatological disorders has not been 
completely elucidated. It is possible that, as in the case 

of biofeedback, the autonomous nervous system is in-
volved. In an uncontrolled study with the use of hypnosis 
in the treatment of AD, the majority of patients showed 
significant improvement associated with reduced sensa-
tion of itching as well improvement in sleep and mood. 
Autogenic training is a form of self-hypnosis. The review 
of research on the use of this form of therapy demon-
strates that the therapy results are comparable to those 
achieved with the use of biofeedback. Massage is anoth-
er method used as a stress-reducing treatment. Children 
whose parents performed a 20-min massage once a day 
for a month showed a lower level of anxiety and their 
clinical symptoms improved.

A large meta-analysis reported that the best results 
are achieved through the use of autogenous training 
and cognitive-behavioural therapy, and the most effec-
tive psychological treatment is related to a combination 
of techniques to cope with stress, relaxation and behav-
ioural changes. The education program can maintain 
therapeutic results of these methods [88].

The most important recommendations in secondary 
prevention are:
–  application of emollients every 4–6 h,
–  elimination of skin irritants,
–  elimination of food allergens in diet,
–  avoidance of sweating,
–  avoidance of stress situations or stress-reducing treat-

ment.
Primary prevention of AD in many cases is controver-

sial. The hygiene hypothesis formulated in the 1980s, in 
which the cause of higher prevalence of AD is associated 
with a less frequent contact with pathogenic microorgan-
isms related to increased attention to hygiene, the use of 
vaccination, and less frequent contact with animals, does 
not seem nowadays to have such a significance as it has 
been thought. However, the intestinal flora, which modu-
lates the immune system inducing tolerance to antigens 
derived from the outside might play an important role. 
Accordingly, the use of antibiotics, which destroy micro-
organisms of the gastrointestinal tract may contribute 
to the increased risk of AD development. On the other 
hand, products containing probiotic bacteria may protect 
against the disease. Although some studies have shown 
that exclusive breastfeeding until the child is 6 months 
old prevents atopic diseases, the obvious evidence that 
prolonged breastfeeding reduces the risk of AD is still 
missing.

Adherence to secondary prevention of AD is however 
of great importance as it often allows to completely dis-
continue drug therapy. Secondary prevention is mainly 
focused on the care of the skin, in which the use of 
emollients and avoidance of irritants or sensitizers play 
a fundamental role. Therefore, it is extremely important 
to educate patients and their families which substances 
they should avoid and how they should adjust the pa-
tients’ conditions of life not to trigger the disease re-
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lapse. A medical history of the patient and their families 
is the beginning of diagnosis for exclusion of allergenic 
factors from the environment. Furthermore, psychother-
apy aimed at reducing the level of stress, which also con-
tributes to the exacerbation of AD, may be very helpful in 
controlling atopic diseases. 
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