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ABSTRACT

Allergic reactions leading to food allergies, asthma or atopic eczema symptoms, are significantly impacted by
the gut microbiome. Dysbiosis, an imbalance in gut microbiota, can increase the risk of these conditions. Food
allergies are caused by dysregulation in IgE synthesis, but commensal bacteria in the human microbiota can
regulate the immune response and prevent the development of food allergies. Exposure to microbes during
infancy can positively influence allergy development. Treatment options include food allergy immunothera-
py> pharmacological treatments, prebiotics and probiotics. Studies show that the gut microbiota composition
differs in individuals with allergic and non-allergic asthma compared to healthy individuals, with higher rich-
ness but lower diversity of gut microbiome in asthmatic individuals. The relationship between the intestinal
microbiota and the occurrence of atopic eczema is clear, with differences in the number of types of bacteria
contributing to the activation of the immune system and the appearance of atopic eczema. Understanding the
complex interactions between the gut microbiome and the immune system may lead to new therapeutic strat-
egies for the prevention and treatment of allergic diseases, which have a significant impact on patients’ lives.
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STRESZCZENIE
Mikrobiom jelitowy znaczaco wplywa na reakcje alergiczne prowadzace do objawow alergii pokarmowych,
astmy lub wyprysku atopowego. Dysbioza, czyli brak réwnowagi mikroflory jelitowej, moze zwigkszaé ryzyko
wystapienia tych schorzen. Alergie pokarmowe sa spowodowane rozregulowaniem syntezy IgE, ale bakterie
komensalne w ludzkiej mikroflorze moga regulowaé odpowiedZ immunologiczng i zapobiegaé rozwojowi
alergii pokarmowych. Ekspozycja na drobnoustroje w okresie niemowlecym moze pozytywnie wplywa¢ na
rozwoj alergii. Leczenie obejmuje immunoterapie alergii pokarmowej, leczenie farmakologiczne, stosowanie
prebiotykow i probiotykéw. Badania pokazuja, ze sktad mikroflory jelitowej rézni sie u 0sob z astma alergiczna
i niealergiczng w poréwnaniu z osobami zdrowymi, z wigkszym bogactwem, ale mniejsza réznorodnoscia
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mikrobiomu jelitowego. Zwiazek miedzy mikrobiomem jelitowym a wystepowaniem wyprysku atopowego jest

wyrazny, przy czym roznice w liczbie rodzajow bakterii przyczyniaja si¢ do aktywacji uktadu odpornosciowego

i pojawienia si¢ wyprysku atopowego. Zrozumienie zlozonych interakcji miedzy mikrobiomem jelitowym

a uktadem odpornosciowym moze prowadzi¢ do nowych strategii terapeutycznych w zapobieganiu i leczeniu

chordb alergicznych, ktére majg znaczacy wplyw na zycie pacjentow.
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INTRODUCTION

The human body houses a diverse and dynamic gut mi-
crobiome, which in its essence is a process. This process
involves a complex community of bacteria, viruses, fungi
as well as parasites. The microbial population is influ-
enced by the development of the host [1]. It participates
in a sequence of immune and metabolic activities, is var-
iable and dependent on many stimuli [2].

An infant has a different composition of the intestinal
microflora than an adult. Factors determining it include,
among others, past infections, antibiotic therapy, stress
and diet. The latter factor, among many other process-
es, affects the interaction between the microbiome and
epigenetics (epigenetic modification is one of the mech-
anisms associated with the development of diseases in
response to a modified gut microbiome). Genetics itself
also plays an important role in shaping the composition
of the gut microbiome [3].

Numerous studies exploring the gut microbiome
have confirmed its association with the course and oc-
currence of many diseases and ailments. A diverse and
dynamic microbial population influences, among other
things, the occurrence of autoimmune disorders, cancer,
infectious diseases or allergies in humans. Cohort stud-
ies have shown significant differences in the composition
of the microbiome in healthy people compared to those
affected by food allergies. It has also been proven that the
development of food allergies is one of the consequences
of dysbiosis [4].

In addition, it is worth noting that there is a consist-
ency of the gut microflora with the human immune sys-
tem, as evidenced by processes like regulation of immune
functions and inhibition of pro-inflammatory factors by
the bacterial community. What is more, studies have con-
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firmed the role of the microbiome in the development
of asthma and atopic eczema [5, 6]. The aforementioned
ecosystem, composed of trillions of microorganisms, has
a significant impact on the human body during both ho-
meostasis and disease [4]. It participates in many physi-
ological functions such as neutralizing toxins and patho-
gens, producing vitamins, maintaining intestinal cells and
obtaining energy from food. Human health depends on
its composition and function.

This review summarizes the current state of knowl-
edge on the importance of the gut microbiome in the de-
velopment of allergic diseases.

RELATIONSHIP BETWEEN GASTROINTESTINAL
MICROBIOTA DYSBIOSIS AND FOOD
ALLERGIES

Food allergies have become a more prevalent problem
over the course of 2 decades. Reasoning behind this phe-
nomenon is yet to be fully established. Food allergies sig-
nificantly reduce the standard of living of patients, how-
ever there is no established cure for treating or preventing
food allergies [7].

Currently it is thought that pathogenesis of food al-
lergies is mostly based on immunoglobulin E (IgE)-me-
diated reactions. Symptoms appear within minutes, and
they consist of rash, fever, redness, diarrhea, vomiting and
swelling. Severe food allergies may lead to life-threaten-
ing anaphylaxis. Symptoms of food allergies are condi-
tioned by the degranulation of basophils and mast cells.
Degranulation occurs as a result of the binding of IgE to
high-affinity IgE receptor (FceRI) (Figure 1). However,
IgE secretion itself is dependent on Th2 lymphocytes that
produce IL-4. It is this interleukin that B cells need to
form the IgE isotype. In addition, it is important to re-
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FIGURE 1. gE-mediated allergic reaction caused by food containing allergens

member the key function of Treg cells, which can stop the
generation of Th2 immunity and the production of IgE.
It can be concluded that food allergies are likely caused
by dysregulation in IgE synthesis, for instance, germ-free
mice, or mice treated with antibiotics became increas-
ingly more susceptible to peanut allergy, while showing
increased levels of peanut-specific IgE compared to the
control groups [8-10].

The human microbiota consists of bacteria, fungi,
viruses and protozoa. However, the intestines of healthy
people are mainly inhabited by commensal bacteria. The
mucosal surface in the digestive tract is constantly ex-
posed to trillions of bacteria with which it forms a symbi-
otic relationship. The number of bacterial cells far exceeds
the number of human cells, which is why maintaining
symbiosis is crucial for the proper regulation of the im-
mune response [11]. Short-chain fatty acids (SCFAs) are
one example of metabolites produced by the microbiota
that are crucial in promoting oral tolerance and barrier
integrity to decrease pathogenic reactions to consumed
meals. Unfortunately, westernized diet is currently low in
fiber, which is the substrate for subsequent production
of SCFAs. SCFAs are essential metabolites in the regula-
tion of intestinal Treg cell differentiation and, in addition,
cause increased secretion of IL-10. It should also be borne
in mind that SCFAs are epithelial barrier enhancers by
controlling goblet cell mucus secretion and IL-22 produc-
tion by ILC3 [12]. Results from multiple studies indicate
that production of SCFAs by microbes inhabiting the gut
helps in prevention of developing food allergies, therefore
dysbiosis in gut microbiome can increase the risk of de-
veloping food allergies [13-15].

It is suggested that the first few years after birth are
crucial in preventing food allergies. Microbiome coloni-
zation is fully completed by the end of the first month,
and later changes are observed usually when the infant’s
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diet is introduced to new food groups [16]. Roduit et al.
discovered that the variety of food consumed in the first
year of life has a counter-proportional effect on the de-
velopment of food allergies [17]. Research provided by
Du Toit et al. supports the hypothesis that infants should
be introduced to allergens as fast as possible. In this study,
640 infants at 4-11 months of age that have been already
diagnosed with at least one allergy, were randomly as-
signed to a group where they were either consuming or
avoiding peanuts until 60 months of age. Results con-
firmed that early introduction to the allergen in high-
risk patients, had a great chance of decreasing the risk of
development of food allergy targeted toward peanut al-
lergy [18]. Another important factor to take into consid-
eration is “hygiene hypothesis” Once again, in this aspect
everything starts in infancy. The term “hygiene hypoth-
esis” was first used in 1989, when David Strachan linked
the exposure to the microorganism with development
of the immune system in childhood [19]. First studies
that were researching this hypothesis were done in Eu-
rope and resulted in promising findings. Children living
in the farm areas were exposed to much more microbes
than children in city areas. This exposure to microbes,
positively influenced development of the allergy in chil-
dren brought up in farm areas. Apart from the exposure
to microbes, the mode of delivery, family size, diet, anti-
biotic exposure and exposure to furry animals also play
important roles. All those factors lie under the “hygiene
hypothesis” umbrella term, and they are playing a crucial
role in composition of microbiome and development of
food allergies [20].

Establishing the fact that gut microbiome has in fact
modulatory properties when it comes to development of
food allergies, can be crucial in finding the proper way to
help ameliorate the patient’s quality of life. So far, poten-
tial methods have focused on specific immunotherapy,
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pharmacological treatments, transplant of fecal matter,
manipulations with microbiome introducing probiotics
and prebiotics. The most promising direction is food al-
lergy immunotherapy. By modifying the immune system,
the therapy hopes to permanently stop the body’s reactiv-
ity to dietary allergies. This involves increasing regulatory
B cells, which release IL-10, and converting allergen-spe-
cific Th2 lymphocytes into Treg cells, which generate
IL-10. These modifications lead to a diminished sensitiv-
ity to allergen triggers and a decrease in Th2 inflamma-
tion. There are three proposed ways of introduction the
food allergy immunotherapy, including the oral, sublin-
gual and transdermal route. For now, the oral route seems
to be the most effective, despite having the most side ef-
fects. Pharmacological treatments, apart from known
adrenaline and antihistamine drugs, one of the biotech-
nological drugs - omalizumab, seems to be gaining in-
terest as an anti-IgE monoclonal antibody. Prebiotics and
probiotics are also considered as helpful, however results
from multiple studies are non-homogeneous and further
research is needed to establish their full potential. Fecal
microbiota transplantation or restoring the composition
of the microbiome is also researched due to its promising
outcomes in animal model experiments [21-23].

RELATIONSHIP BETWEEN GASTROINTESTINAL
MICROBIOTA DYSBIOSIS AND ASTHMA

Asthma is a diverse clinical condition that impacts over
300 million individuals worldwide, making it the most
prevalent chronic disease among children. In the United
States alone, in 2020, 7.8% of the population was diag-
nosed with asthma, with women being more susceptible
than men according to CDC data. Breathing difficulties
in asthma are caused by the constriction of the airways
due to spasms and a rise in bronchial secretions, which
can be reversed and brought on by allergens or hyper-
sensitivity. Both allergic asthma and non-allergic asthma
typically exhibit higher levels of IgE in serum compared
to healthy individuals, although IgE levels alone are not
reliable indicators for distinguishing between the two. Al-
lergic asthma often manifests when a patient is exposed
to allergens and tends to develop in early stages of life,
while non-allergic asthma usually occurs later in life.
Furthermore, studies have suggested that the gut-lung
axis plays a significant role in asthma development, with
dysbiosis or other factors potentially contributing to its
onset [24-28].

Many studies have shown differences in composition
of gut microbiota between patients with allergic asthma,
non-allergic asthma, and healthy individuals. Zheng et al.
[29] conducted a study using fecal samples collected from
57 patients, including 20 healthy children, 10 non-aller-

Alergologia Polska - Polish Journal of Allergology, July-September 2023

gic asthmatic children, and 27 allergic asthmatic children.
The researchers performed 16s RNA gene sequencing to
investigate whether the composition of gut microbiota
differed among these groups. The results revealed that the
richness of gut microbiome was significantly higher in
asthmatic groups compared to healthy controls. However,
the diversity of gut microbiome was lower in asthmatic
groups compared to healthy controls. Notably, Proteobac-
teria showed the largest difference in abundance, being
most abundant in both allergic and non-allergic asthma.
Lactobacillales were the richest taxa in allergic asthma,
while both non-allergic and allergic patients showed low-
er abundance of genera from Clostridia.

Hoffmann et al. [30] conducted a study to compare the
composition of gut microbiota between patients with asth-
ma and healthy individuals. The study included 20 sam-
ples, with 7 from healthy patients and 13 from asthmatic
patients. The results of 16s RNA sequencing revealed that
at the genus level, asthmatic patients had significantly
higher levels of Lachnoclostridium, Parabacteroides, and
Faecalitalea compared to non-asthmatic patients. When
examining individual groups of bacteria, the abundance
of Bacteroides was significantly increased in the asthmat-
ic group compared to the control group, while Prevotella
showed a significant decrease in the asthmatic group. At
the species level, there were also notable differences in the
gut microbiota composition of asthmatic patients, particu-
larly with B. vulgatus, which accounted for approximately
20% of the gut microbiota in asthmatic patients compared
to approximately 5% in healthy controls. Conversely, the
abundance of Oscillobacter valericigenes was higher in the
asthmatic group compared to healthy controls. In terms of
alpha diversity, the asthmatic group showed lower diversi-
ty compared to the healthy control group.

Zou et al. [31] attempted to describe the gut microbi-
ota composition in various types of asthma characterized
by inflammation. They collected 67 stool samples from
patients, including 20 healthy individuals and 47 new-
ly diagnosed asthmatic patients. The results of the study
revealed that patients with asthma had lower bacterial
richness and diversity in their stool samples compared to
healthy controls. Additionally, the study identified three
specific bacterial species, namely R. bromii, B. vesicularis,
and C. disporicum that were associated with the asthma
phenotype.

In conclusion, several studies have shown that there
are differences in the composition of gut bacteria between
people with allergic asthma, non-allergic asthma, and
those who are healthy. These studies used fecal samples
and 16s RNA gene sequencing to study the composition
of gut microbiota. The results suggest that people with
asthma generally have more types of bacteria in their gut
(higher richness), but less overall diversity compared to
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healthy people. Certain types of bacteria, like Proteobacte-
ria and Lactobacillales, are more common in people with
asthma, while other types, like Clostridia and Prevotella,
are less common. Some studies also found that specific
species of bacteria, such as Bacteroides vulgatus and Oscil-
lobacter valericigenes, are different in people with asthma
compared to healthy people. Additionally, patients with
asthma were found to have lower bacterial richness and
diversity in their gut compared to healthy individuals.
Certain bacterial species, like R. bromii, B. vesicularis, and
C. disporicum, were also associated with asthma in some
studies. These findings suggest that the gut bacteria may
play a role in the development and progression of asthma,
but more research is needed to better understand how
this works and if it can be used for potential treatments.

RELATIONSHIP BETWEEN GASTROINTESTINAL
MICROBIOTA DYSBIOSIS AND ECZEMA

Atopic eczema, which may otherwise be called atopic in-
flammation, is a disease that affects young children, in
particular, with most cases reported in affluent societies
[32]. The cause of this condition is a disruption of the
protective barrier, that is the epidermis and an allergy in-
volving immunoglobulin E. The skin lesions are mostly
characterized by itching, leaks and papules, which in-
creases the chances of bacterial or viral infections [33].
More than 80% of people who develop atopic eczema, lat-
er struggle with allergic diseases such as allergic asthma
or rhinitis [34]. As the etiology of atopic eczema is not
completely understood and involves both environmen-
tal, genetic and allergenic factors, scientists have begun to
look for a link between the disease and changes occurring
in the gut microbiome.

Previous studies have confirmed the correlation be-
tween the occurrence of atopic eczema and changes in the
gut microbiome. A study conducted by Zheng et al. aimed
to compare the gut bacteria between healthy infants and

infants who developed atopic eczema [32]. The feces of
51 sick infants and 50 healthy ones who served as a con-
trol group were examined. Interestingly, the infants with
atopic eczema had bacteria that were not present in the
control group, and vice versa. Table 1 shows exactly which
bacteria were present in each group [32].

A recent scientific study has confirmed that allergic
diseases are linked to the diversity of the gut microbiota.
Researchers led by Ismail et al. analyzed feces from 98
newborns who had a high risk of allergic disease [35].
They did another analysis after 12 months to study differ-
ences in the microbiota. They performed an analysis of
microbial diversity through terminal restriction fragment
polymorphisms. According to the results, infants who
developed atopic eczema soon after birth had lower gut
microbiota diversity than children who did not develop
atopic eczema [35].

Changes regarding microbiota diversity in a one-year-
old child were presented by Doreswamy and Peden [36].
As in previous studies, they confirmed that infants with
atopic eczema have reduced microflora. A significant dif-
ference was observed in the presence of Proteobacteria.
This microorganism is courted by Gram-negative bacte-
ria with a built-in endotoxin that induces the immune
system through T-helper type 1 cells (Th1). There is an
increase in IL-12 and dendritic cells, this process favors
the occurrence of atopic eczema.

There was a significant reduction in Ruminococcaceae
bacteria compared to the control group [37]. These bacte-
ria also activate cells of the immune system and stimulate
IL-6, among other things [38, 39]. According to pyrose-
quencing, the infants without atopic eczema had signifi-
cantly lower numbers of Enterobacteriaceae but this may
be due to the fact that the newborns were delivered by
cesarean section [40]. Interestingly, the feces of women
in the third trimester of pregnancy whose offspring had
IgE-associated atopic eczema at birth were studied, and as
it turned out, they had elevated numbers of Streptococcus

TABLE 1. Differences in composition of the microbiome in healthy infants and in infants with atopic eczema

Infants with atopic eczema Healthy infants

Bacteroides clarus Bifidobacterium bifidum
Bacteroides plebeius Bifidobacterium longum
Parabacteroides merdae Bacteroides fragilis

Prevotella buccae

Streptococcus salivarius

Ruminococcus gnavus

Eubacterium biforme

Faecalibacterium prausnitzii

Gemmiger formicilis

Akkermansia muciniphila

Own development based on [32].
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compared to mothers whose offspring did not have atopic
eczema [40, 41].

A study conducted by Mah et al. also found a low-
er colonization of Bifidobacterium in children with at-
opic eczema compared to the control group [42]. Based
on a study conducted in Singapore, it was also found
that those exposed to atopic eczema have a significantly
higher number of Enterococci. It was also confirmed that
children with atopic eczema are not deficient in aerobic
bacteria such as Lactobacillus.

Previous studies conducted for Clostridium yield-
ed conflicting results. Kallioméki et al. and Bjorkstén
et al. showed a significant number of Clostridium bacteria
in children with a high risk of atopic eczema [43, 44].
Completely opposite results were obtained by the team of
Watanabe et al. [6]. However, a study by Mah et al. con-
firmed that children with atopic eczema have significantly
fewer of these bacteria [42]. The differences in results may
be due to the study of different species of these bacteria.

Another study found significantly higher Campylobac-
ter colonization in children with atopic eczema compared
to healthy controls. This relationship may be due to the
fact that this bacterium can damage the epithelium, facil-
itating the passage of Escherichia coli, which can induce
colitis/inflammation [45, 46]. The opposite observation
was made for Roseburia, a bacterium that has a positive
effect on protecting the colon, so its decreased numbers
can also lead to inflammation and atopic eczema [46, 47].

The number of Escherichia coli is correlated with the
presence of IgE. Studies confirm that children suffering
with atopic eczema have significantly more of these bacte-
ria than the control group [48, 49]. Through the ability to
produce Lipopolysaccharide (LPS), this bacterium is viru-
lent, can cause inflammation, increase the permeability of
membranes, allowing the penetration of non-threatening
antigens, which can cause an excessive immune response
and may reduce the number of beneficial bacteria.

In conclusion, there is a clear relationship between the
intestinal microbiota and the occurrence of atopic ecze-
ma. This is especially true for differences in the number of
types of bacteria, especially the Gram-negative Enterobac-
teriaceae family and the Gram-positive Ruminococcaceae.
These bacteria largely contribute to the activation of the
immune system, which increases the likelihood of the ap-
pearance of eczema [40].

RELATIONSHIP BETWEEN GUT FLORA,
ALLERGIC DISEASES AND PLANT-BASED DIET

The plant-based diet is based mainly on plants such as
vegetables, fruits, seeds, oils and so on. Notably, the plant-
based diet has a lot of benefits which influence on our
health by reducing cholesterol or saturated fatty acids.
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However, gut flora plays a crucial role in drug metabo-
lism, nutrient metabolism or maintaining immunomodu-
lation. Gut flora consists mainly of a set of bacteria which
are responsible for controlling digestion and absorbing
vital nutrients from foods which are necessary for the
health. Some of studies have indicated that plant-based
diet especially vegan diet, contains more bacteria in gut
flora, therefore the gut flora may have more desirable
metabolites and other ingredients which will be able to
prevent the inflammation. Other studies have shown
that plant-based diet especially vegetarian diet indicated
a decreased level of IgE which is directly associated with
development of allergic disorders. There are many allergic
diseases such as asthma and others which have different
pro-inflammatory factors; however, they share a com-
mon, elevated level of IgE compared to healthy groups
[50-52].

For instance, some studies indicate that children
and adults that regularly eat fruits and vegetables, had
decreased chances of developing asthma. Furthermore,
thanks to the consumption of fruits and vegetables, some
symptoms of allergic asthma may be relieved. Therefore,
patients consuming plant-based diet have a significant-
ly reduced risk of developing allergic asthma. The same
studies confirmed that fruits and vegetables contain
health-promoting flavonoids, containing antioxidants,
which work by inhibiting pro-inflammatory cytokines
and influence on not only gut microbiota, but also other
cells. Some of antioxidants such as vitamin C or E are
able to prevent development of oxidative stress and lipid
peroxidation which are involved in cellular damage and
initiating an excessive cytokine response [53].

In the case of atopic dermatitis, there is an overpro-
duction of free oxygen radicals, which causes the develop-
ment of oxidative stress and intensification of inflamma-
tion. Therefore, applied plant-based diet can prevent the
formation of free radicals because antioxidants are able to
inhibit free radicals thereby decreasing the inflammation
process in the cells [54].

The mechanism of action is not homogeneous, as an-
tioxidants may use various mechanisms to prevent the
development of oxidative stress. One of the mechanisms
concerns a chain-breaking mechanism where the antiox-
idant supplies the electron to free radical thereby neu-
tralizing the action of the free radical. One of the other
mechanisms concerns to remove some of reactive oxida-
tive species initiators by silencing the catalyst which is
able to induce the electron transport chain. Finally, the
antioxidants contain various enzymes and proteases
which are able to prevent the action of oxidized proteins
which were created by free radicals.

Free radicals overproduction is harmful to human
health because they can cause oxidative stress, which con-
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tributes to the development of many diseases not only
allergic diseases but also other such as cardiovascular,
neurodegenerative or cancer diseases.

Therefore, all of diets which contain a lot of plants
are vital for human health to prevent the development of
oxidative stress [55].

SUMMARY

There is a lot of evidence for the direct impact of the
composition of the microbiota on the development of
various types of allergic diseases. Any type of response
to allergens causes significant discomfort in the lives of
patients and in some cases can even be life threatening.
The summary of knowledge on the discussed topic high-
lighted how important and timely this topic is. We still
do not know all the answers to these questions, so further
and more detailed research into the causes and potential
treatments is required.
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