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In the last few years many studies have been conducted on the role of dietary and environmental factors in the
prevention of allergic diseases among children. Many studies have shown that the diet of pregnant women and
children in their early postnatal life, rich in antioxidants, vitamin D, and fatty acids is beneficial as it reduces the risk
of allergy in their future life. Moreover, there are many reports about the main role of gut microbiota and probiotics
in the allergy prevention, what can indicate new ways of procedures in allergic diseases.
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Epigenetic changes and development of food
allergy

For the last 30-40 years we have been observing
a growing number of episodes of allergic diseases, which
might result from disturbances on the pathway of many
immune reactions, contributing to the occurrence of the
diseases [1, 2]. Studies on human genome still have not
clearly explained the pathogenesis of the increased inci-
dence of allergy. Recently researchers have considered
epigenetic changes to play a role in this process as they
determine the phenotype much more than the sequence
of human genome [3]. Epigenetic information refers to
hereditary changes in the function of genes which are
passed on to daughter cells but which do not result from
changes in the DNA sequence but chromatin modifica-
tions. Study findings imply a crucial impact of pre- and
post-natal factors on a change in the gene expression,
which leads to permanent changes in many immune re-
actions and increased susceptibility to allergic diseases
[4]. There is evidence that changes in the gene expres-
sion are induced by epigenetic mechanisms [5]. Many of
the same factors (such as: exposure to microorganisms,
dietary factors, environmental pollution) greatly contrib-
ute to the occurrence of both allergic and autoimmune
diseases. This implies an early role of the above factors
in major immune reactions, common for the develop-
ment of allergic and autoimmune diseases [3]. Epigenetic

changes, by affecting the process of cell differentiation,
determine the individual’s development and phenotype.
There are three major mechanisms of epigenetic regula-
tion: modifications in the DNA structure, modifications
of histone proteins and the so-called “small RNA”. These
processes result in changes in the methylation of DNA
and histone, and histone acetylation and consequently
in the degree of DNA compaction, what allows for gene
transcription by regulating their expression [6]. Ge-
netically identical parent cells can thus produce many
daughter cells that are morphologically and functionally
different. Encoded changes in the gene expression are
passed during mitosis. It was confirmed that T lympho-
cytes differentiation closely depends on these changes
[7]. Epigenetic mechanisms regulate differentiation of
Th1 and Th2 lymphocytes [8-12]. Moreover, changes in
promoter methylation processes contribute to changes
in the expression of the Foxp3 transcription factor and
thus induce Treg lymphocyte differentiation [13, 14]. Treg
lymphocytes are responsible for regulation of the func-
tion of other lymphocytes, which prevents induction of
excessive immune reactions, underlying autoimmune or
inflammatory diseases of a body. Treg lymphocytes in-
hibit the activity of Thl, Th2 and Th17 lymphocytes; they
induce dendritic cells (CDs) to release IL-10, and B lym-
phocytes to release 1gG4 immunoglobulin. Moreover, Treg
lymphocytes are characterized with suppressor activity
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for mast cells, basophils and eosinophils. Due to these
mechanisms of Treg lymphocytes a human does not de-
velop hypersensitivity to food allergens [15]. It should be
pointed out that functions of Treg lymphocytes are much
limited in infancy and early childhood in comparison to
adulthood [16-18].

Immunomodulatory factors
Microbiome

Changes in the microbiome are one of the most cru-
cial factors which determine development of allergic dis-
eases [19]. In the foetal period contact with pathogenic
and non-pathogenic metabolites of microorganisms in
the gut-associated lymphoid tissue (GALT), colonizing the
gastrointestinal tract, might prevent allergic diseases in
offspring [20, 21]. It was confirmed that pregnant women
living in rural areas have a greater number of Treg cells
through increased DNA methylation in the Treg-specific
differentially methylated region (TSDR), which decreases
the risk of allergic diseases in their offspring [22]. The
same effects were observed in children who stayed in
a close contact with farm animals. Results of GABRIELA
or PARSIFAL studies unambiguously indicate that the risk
of atopy or asthma in later life was much lower in chil-
dren exposed to environmental microorganisms than in
children who were raised in cities [23, 24].

Diet

A diet is another factor which is becoming more and
more crucial for development of allergic diseases. It is
believed that a shift in dietary models, i.e. replacing a tra-
ditional diet consisting of fresh vegetables, fruit and fish
with a modern one, i.e. a diet containing synthetic and
processed food products, increases the incidence of al-
lergic diseases. It was confirmed that diet components
affect the functioning of the immune system; they in-
crease the activity of phagocytes, NK cells, lymphocytes
and also activate the production of immunoglobulins
[25]. Besides, diet components modulate the function of
the immune system through epigenetic mechanisms and
lead to changes in the gene expression [26]. What is even
more important, a diet determines the quality of micro-
biota which colonizes the digestive tract. By comparing
two populations which demonstrate different eating hab-
its, one living in rural African areas and the other living in
Europe, De Flippo confirmed a relationship between the
composition of the microbiota and the diet. Bacteroides
strains were dominant in the African population whereas
in the European one, Firmicutes strains prevailed. These
changes were also connected with faecal excretion of
short chain fatty acids (SCFA), which played an important
role in immunomodulation [27]. The attempt to replace
“the hygienic hypothesis”, which has been a common be-
lief, with “the dietary hypothesis”, proves a growing role

90

of a diet in the development of allergic diseases. Such
a replacement has been made on the basis of a long-
term observation of a relationship between the diet and
the incidence of allergic diseases. Researchers noted that
the incidence of asthma in countries that are compara-
ble in terms of hygiene standards, i.e. in Japan and the
United States, is different. It is much higher in the latter.
Populations in these two countries have completely dif-
ferent diets. In America people consume mostly high-fat
foods, poor in antioxidants, whereas in Japan a diet rich
in salt water fish and fresh vegetables dominates.

Not only is the composition of a diet, but also dura-
tion of exposure to allergens is important for the allergy
development. In the 20" century in infants from allergy
risk groups, major allergenic foods were either eliminat-
ed or their introduction was delayed. This management
strategy appeared to be wrong. Currently, it is believed
that early exposure to food allergens is preventive in de-
velopment of food allergy. Consumption of food products
such as milk, wheat and peanuts by pregnant women
in their early pregnancy reduced the risk of asthma and
allergy in their offspring [28]. Results of an extensive ran-
domized clinical study, called Learning Early about Peanut
Allergy (LEAP), confirmed that early and systematic con-
sumption of peanuts significantly decreased the risk of
the development of asthma and allergy in children from
a high-risk group, evaluated in their fifth year of life [29].
It is still unknown whether early introduction (in the 3¢
month of life) of alimentary products such as milk, eggs,
fish, wheat, sesame, peanuts into infants’ diet, accom-
panied by breastfeeding, in comparison to late introduc-
tion (in the 6™ month of life) of the above products has
any impact on the development of food allergy, asthma,
atopic dermatitis, allergic rhinitis in the 3™ month of life.
The Enquiring About Tolerance (EAT) study is supposed to
resolve this dilemma.

A lot of dietary factors have been proved to affect the
functioning of the immune system. They include long-
chain polyunsaturated fatty acids (LCPUFAs), prebiotics,
probiotics, antioxidants, vitamins and folates [30]. Fe-
male milk is the most important component of a diet. It
is a source of many immunomodulatory factors which in-
duce food tolerance. Due to the content of immunoglobu-
lin, lactoferrin, lysozyme, oligosaccharides, LCPUFAs, cy-
tokines, nucleotides, hormones, antioxidants or immune
cells, female milk plays a crucial role in the prevention
of allergic diseases [31, 32]. Breast milk contains up to
10° microorganisms in one litre. The most common are:
Staphylococci, Streptococci, Corynebacteria, Lactobacilli,
Micrococci, Propionibacteria, and Bifidobacteria [30]. The
last strain has been confirmed to greatly affect the devel-
opment of GALT [30].

According to Devereux, dietary factors introduced
in the foetal period, rather than in the postnatal period,
play a highly important role in prevention of allergic dis-
eases [33]. Eating habits, elimination diets and limited
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supply of many alimentary products arising out of such
diets might contribute to an increased risk of allergy in
offspring. Studies on the role of a diet in the prevention
of allergy are still being conducted and findings confirm-
ing preventive properties of certain foods and their ef-
fect on subsiding or exacerbation of allergic symptoms
in offspring are often conflicting.

Dietary immunomodulatory factors
Probiotics

Probiotics have an ability to adhere to intraepithe-
lial lymphocytes (IELs). By doing this they modulate the
composition of microbiome. The adhesion ability, mainly
of lactic acid, promotes trapping of probiotics by Payer’s
patches and due to that fact probiotics activate and
stimulate proliferation of dendritic cells (DCs). Activated
dendritic cells promote the T lymphocyte response and
production of IL-10 and IL-12, anti-inflammatory cyto-
kines. Bearing in mind the relationship between micro-
biome and development of allergy, scientists have been
conducting studies on the effect of probiotics since the
1990s [34, 35]. The first report presented by Majama and
Isolauri showed a reduction of atopic dermatitis in chil-
dren after 1-month supplementation with Lactobacillus
rhamnosus [36]. Studies conducted in 2007 in Italy on 187
kindergarten children with asthma and allergic rhinitis
revealed a positive correlation with longer remission pe-
riods in those children who consumed milk with Lactoba-
cillus casei rather than in those who were administered
placebo [37]. Bjorkstén et al. noticed that two-year old
children with allergy demonstrate a considerable amount
of Staphylococcus aureus in GALT and a small amount of
Bifidobacteria [38]. Similar observations were made by
Sjogren 10 years later. She also noticed a greater amount
of Clostridium bacteria [39]. Kong et al. revealed that in-
fants with IgE-dependent allergy and non-Igk dependent
allergy demonstrated a smaller number of Bacteroides,
Proteobacteria and Actinobacteria [40). After detecting
differences in microbiome Kalliom&ki et al. proposed
that pregnant women and babies in their early post-natal
period should be administered probiotics orally because
such management decreases the incidence of eczema
in infants by as much as 50% [41]. Kalliomaki et al. also
noticed that supplementation with Lactobacillus GG in
breastfeeding mothers and in infants up to the 6™ month
of life had a beneficial effect on the prevention of atopy,
reduction of asthma and eczema in high-risk children in
comparison with the placebo group [41]. Similar studies
conducted in 2001-2009 revealed that consumption of
probiotics by pregnant women and infants prevents 2—7
year-old children from developing atopic dermatitis [42].
Kukkonen et al. made a study on pregnant women who
were administered complex probiotics (Lactobacillus
rhamnosus, Bifidobacterium breve and Propionibacterium
freudenreichii). The probiotics did not appear to prevent
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IgE-dependent diseases in children up to two years old
but they were proved to significantly decrease the risk of
atopic dermatitis [43]. Results of studies on a relationship
between probiotics and development of allergic diseases
are often contradictory. Kopp et al. observed that supple-
mentation with Lactobacillus GG in pregnant women and
infants did not result in a decreased number of atopic
cases and episodes of allergic exacerbation in children.
What is more, they observed that the supplementation
contributed to an increased incidence of wheezing [44].
Another study, which included 50 pregnant women, who
were administered probiotics in their late pregnancy, did
not confirm an effect on the GALT composition in their
offspring after a seven-day breastfeeding period in com-
parison with the control group [45]. According to some
more reports, oral supplementation with Lactobacillus GG
in children aged 6-24 months with recurrent wheezing
and a positive family history of allergy, did not reduce the
risk of asthma or atopic dermatitis [46]. Arslanoglu et al.
observed that early supplementation with a mixture of
probiotic oligosaccharides decreases the risk of allergy
in children in the first 2 years of life [47].

A meta-analysis of a randomized controlled trial (RCT)
confirmed a preventive effect of supplementation with
Lactobacillus rhamnosus GG probiotic on atopic derma-
titis, particularly in combined administration in preg-
nancy and in the post-natal period, especially in infants
from the risk group. It was however emphasized that no
repeatable studies are available for other probiotics. It
was also added that there are no data on any potential
preventive effect on other allergic diseases. Besides, re-
searchers noticed that more and more studies are con-
firming a beneficial effect of prebiotics [48].

Antioxidants and vitamin D

In the 1990s, a study was published in which the au-
thors claimed that small consumption of fruit and veg-
etables increases the risk of allergic diseases [49, 50].
Since then a lot of studies on the role of particular foods
in development of allergy and a relationship between
a diet and allergic diseases have been published [51-55].
The so-called “western diet”, rich in fat but poor in veg-
etables and fruit, is becoming more and more common.
As a consequence, the consumption of antioxidants in
a daily diet gets smaller, which might result in increased
susceptibility to asthma [56]. Scientists noted a role of
particular vitamins on functioning of the human immune
system. Vitamin A promotes differentiation of mono-
cytes, neutrophils and lymphocytes, including Treg lym-
phocytes [57, 58]. Moreover, it maintains the integrity of
mucous membranes, haematopoiesis, production of anti-
bodies, and transforming growth factor g (TGF-B). It also
regulates the function of B and T lymphocytes, NK cells,
neutrophils, macrophages and is a modulator of gene
transcription [57, 58]. A diet rich in retinoids increases
phagocytic functions of macrophages and production of
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Figure 1. The immunomodulatory effect of vitamin D

TGF-B [59]. An insufficient amount of vitamin A contrib-
utes to a decreased subpopulation of CD4 cells and a de-
creased CD4/CD8 ratio [60]. B-carotene, by increasing
MHC class Il expression, stimulates the cellular response
[59]. Vitamin C stimulates a synthesis of prostaglandins
and cytokines and inhibits the activity of histamine as
well as the expression of pro-inflammatory cytokines
(IL-6, TNF-a). Moreover, it promotes Thl lymphocytes and
inhibits Th2 lymphocytes.

Studies performed in Scotland revealed that con-
sumption of vitamin C by pregnant women decreased
the risk of wheezing and eczema in children up to the
age of 2 years [61]. The study also demonstrated that
consumption of Zinc in the foetal period decreased the
risk of asthma and eczema in the women’s offspring.
A clear relationship between consumption of vegetables
and fruit by pregnant women and a decreased risk of
atopy in children was not observed. However, a high
consumption of apples appeared to be a preventive fac-
tor in the development of asthma [62, 63]. According to
Nurmatoy, there is very little evidence that some foods
and nutrients prevent asthma and allergic diseases.
However, vitamins: A, D, E and Zinc as well as fruit and
vegetables included in the Mediterranean diet possibly
prevent asthma [64].

Vitamin E, found in fats and oils (mainly in those con-
taining polyunsaturated fatty acids — PUFAs), is respon-
sible for the integrity of cell membranes; it inhibits the
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activity of nuclear factor x-light-chain-enhancer of acti-
vated B cells (NF-kB), stimulates the production of anti-
bodies, lymphocyte proliferation, activity of NK cells and
phagocytic activity of macrophages. Studies conducted
in the United States revealed that consumption of vi-
tamin E and Zinc by pregnant women reduced the risk
of wheezing in their offspring [62]. Some other studies,
carried out in Germany, did not confirm a relationship
between a diet rich in vegetables and fruit kept by preg-
nant women and a decreased eczema in their children at
the age of two [65].

The active form of vitamin D,: 1,25(0H),D induces
the innate immune response by stimulating the func-
tion of macrophages (their chemotactic and phagocytic
properties) as well as by the increased production of
antibacterial peptides, i.e. cathelicidins. It also affects
the specific response, by inhibiting maturation and dif-
ferentiation of DCs. Th1 and Th17 cells start secreting
less cytokines, whereas the secretion of cytokines by
Th2 cells gets increased. The vitamin stimulates the
development of Treg cells by the activation of DCs. It
also reduces IgG and IgM production by the plasmo-
cytes (Figure 1). Vitamin D induces tolerogenic DCs [66],
which regulate immunoglobulin-like transcript receptors
ILT3 and ILT4 [67]. Expression of these receptors inhibits
the activation of NF-kB, which is a major transcription
factor, responsible for inflammatory processes in a hu-
man body [68, 69].
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It was revealed that supplementation with vitamin D,
in the fetal period protects against the development of
atopy and wheezing in children aged 3-5 years [70-73].
Post-natal supplementation did not appear to be that ef-
fective, which resulted in initiating studies on the effect
of vitamin D, supply in pregnant women on inducing the
production of tolerogenic DCs in the women’s offspring.
Some researchers in Finland and France conducted stud-
ies in which they measured the level of ILT3 and ILT4 ex-
pression in the cord blood. Results of the studies showed
that supplementation of vitamin D, had a beneficial ef-
fect in higher expression of these genes [74].

Fatty acids

Fatty acids are divided into saturated and unsatu-
rated acids. Unsaturated acids include PUFAs. The
PUFAs in turn can be classified into essential fatty ac-
ids, which include linoleic acid and a-linolenic acid, and
into long-chain polyunsaturated fatty acids (LC-PUFAs),
which include omega-3 and omega-6 acids. Omega-3 ac-
ids are characterized with anti-inflammatory properties,
whereas omega-6 acids — with pro-inflammatory proper-
ties. Saturated fatty acids include short-chain fatty acids
(SCFAs).

Polyunsaturated fatty acids

The PUFAs regulate functions of DCs; they increase
their anti-inflammatory properties. PUFAs stimulate Treg
lymphocytes. They have an influence on eicosanoid me-
tabolites. By regulating the expression of pro-inflamma-
tory cytokines, they decrease their production. They are
precursors of anti-inflammatory mediators: resolvins and
protectins. They also inhibit release of free radicals and
expression of MCH class | and Il antigens [75-78]. A diet
rich in omega-6 acids (found in vegetable fats, rich in lin-
oleic acid) contributes to a high level of arachidonic acid
in tissues, which in turn, contributes to an increased pro-
duction of eicosanoids, including prostaglandin E2. This
cytokine increases synthesis of Th2 lymphocytes and pro-
duction of IgE antibodies. A diet rich in omega-3 acids
decreases the pro-inflammatory response.

Studies conducted in Australia confirmed a benefi-
cial effect of a diet rich in fatty fish, containing a lot of
omega-3 acids. This kind of diet helped to reduce the in-
cidence of asthma and other allergic diseases in early
childhood [79-81]. Children who consumed fish at least
twice a week less frequently demonstrated episodes of
bronchial hyperreactivity [79]. Furuhjelm et al. obtained
similar results. In his study he included women who were
25 weeks pregnant. They were supplemented with ome-
ga-3 acids. He discovered that children of those women
less frequently developed IgE-dependent eczema than
children from the control group [82]. A similar study was
conducted in Australia. The authors of the study con-
firmed that supplementation with LCPUFA n-3 in preg-
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nant women prevented occurrence of IgE-dependent al-
lergy in their children (both eczema and food allergy). The
study comprised children in the 12" month of life, from
a high-risk group.

Authors of the so-called Childhood Asthma Preven-
tion Study (CASP) obtained different results. The children
in their early childhood included in the study were di-
vided into two groups. Group | was administered sup-
plements rich in omega-3 acids and poor in omega-6
acids. Group Il was administered supplements rich in
omega-6 acids. Finally, at the age of 5 the children from
group | did not report decreased susceptibility to atopy
or asthma in comparison with group Il [83]. Nagakura
et al. revealed that a diet rich in omega-3 acids ap-
plied in asthmatic children reduces the severity of the
disease [84] although in his study he included children
whose exposure to inhaled allergens and applied diet
was closely controlled. Hodge et al. supplemented chil-
dren aged 8-12 years with omega-3 acids for a period of
6 months. The children demonstrated a high level of the
acids in the blood serum. Yet, this fact did not have im-
plications on the asthma severity in those children [85].
It seems that different observations with regard to the
protective properties of omega-3 acids and occurrence
or development of allergic diseases might result from dif-
ferent doses of fatty acids administered in the studies.
Nagakura et al. adjusted the doses to the patient’s body
weight but Hodge administered each patient the same
amounts of docosahexaenoic and eicosapentaenoic ac-
ids. Nevertheless, in both studies the authors evaluated
patients with stabilized asthma and the applied doses
were much higher than those described in CASP, which
was mainly aimed at prevention of asthma and atopy in
children. Preventive effects of N-3 PUFA in the allergy can
be observed during pregnancy. Due to different results
of the application of N-3 PUFA in pregnant women and
later in their children we should conduct further studies
in order to evaluate their potential protective properties
for allergic diseases [86, 87].

Short-chain fatty acids

The SCFAs are divided to exogenous and endogenous
ones. The former are produced during the fermentation
of undigested carbohydrates, hexose oligomers by many
bacteria, which colonize the human gastrointestinal
tract: Clostridium spp., Eubacterium spp., Fusobacte-
rium spp., Butyrivibrio spp., Megasphaera elsdenii, and
Mitsuokella multiacida, Roseburia intestinalis, Faecali-
bacterium prausnitzii as well as Eubacterium hallii [88].
Undigested plant-origin carbohydrates include: resistant
starch, non-starch polysaccharides, oligosaccharides be-
longing to prebiotics (i.e. inulin), oligofructose, disaccha-
rides (lactose), stachyose, raffinose (sorbitol and man-
nitol). Endogenous pool includes among others mucins
and milk oligosaccharides, being an important source of
butyric acid in newborns and infants. Bacterial fermenta-
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tion leads to formation of acetic, propionic and butyric
acids and in much smaller amounts — milk, succinic and
caproic acids as well as carbon dioxide and hydrogen
[88]. Butyric acid in the large intestine is a result of pen-
tose decomposition. Gluconic acid, a prebiotic, consider-
ably stimulates the production of butyrate. In a human,
undigested carbohydrates are a source of butyric acid,
which is endogenously produced in the large intestine.
The carbohydrates include resistant starch and insoluble
fractions of dietary fibre [89].

More and more frequently SCFAs are considered to
have immunomodulatory properties. They stimulate the
growth of saprophytic flora in the intestine by inhibiting
the following pathogens: Escherichia coli, Campylobacter,
and Salmonella [90]. The SCFAs demonstrate trophic ac-
tivity on the intestinal epithelium (butyric acid plays the
major role of all SCFAs). Besides, butyric acid stimulates
the intestinal epithelium to the production of mucus
and maintains a proper pH level in the lumen of the in-
testine, which additionally protects the gastrointestinal
tract against pathogens [88]. SCFAs inhibit the activity
of inflammatory mediators in the intestinal epithelium
by inhibiting the activation of NF-kB in macrophages,
which are the main source of cytokines in the inflamma-
tory process in non-specific inflammatory bowel disease.
Also here butyric acid appears to be the strongest com-
pound [88].

Scientists constantly conduct studies on preventive
properties of diet components with regard to the risk of
allergy in children. Results of these studies might help
to identify and implement new strategies in prophylaxis
and treatment of allergic diseases. In future therapies
we will probably manipulate with microbiota and diets.
Bearing in mind that a different individual is equipped
with different characteristics (genetic polymorphism) we
should tailor a diet to each patient. Dietary factors are
likely to play a key role in promotion of immunotolerance
and prophylaxis of immune diseases. However, any di-
etary interventions should be carefully considered after
analysing all potentially complex interactions.
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