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Abstract: Allergic diseases including allergic rhinitis and asthma are increasing in the developing
world, related to a westernizing lifestyle, while the prevalence is stable and decreasing in the
industrialized world. This paper aims to answer the question if prevention and/or treatment of
allergic rhinitis and asthma can be achieved by administrating pro-, pre- and/or synbiotics that
might contribute to stabilizing the disturbed microbiome that influences the immune system through
the gut-lung axis. We searched for relevant English articles in PubMed and Google Scholar. Articles
interesting for the topic were selected using subject heading and key words. Interesting references
in included articles were also considered. While there is substantial evidence from animal studies
in well controlled conditions that selected probiotic strains may offer benefits in the prevention of
wheezing and asthma, outcomes from clinical studies in infants (including as well pre- and postnatal
administration) are disappointing. The latter may be related to the multiple confounding factors
such as environment, strain selection and dosage, moment of administration and genetic background.
There is little evidence to recommend administration of pro, pre- or synbiotics in the prevention of
asthma and allergic rhinitis in children.
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1. Introduction
1.1. Prevalence of Asthma and Allergic Rhinitis

The global prevalence of atopic diseases such as asthma, allergic rhinitis and atopic
dermatitis is remarkable and has been expanding over the years [1]. Allergic rhinitis occurs
in 10 to 30% of adults and up to 40% in children and its prevalence is increasing [2]. With
around 339 million people affected globally, asthma is one of the most common long-term
non-transmissible diseases [3]. The worldwide prevalence of doctor-diagnosed asthma
in adults is 4.3% (95% confidence interval (CI) 4.2-4.4), with a wide variation between
countries: the highest occurrence is found in developed countries such as Australia (21%)
and the lowest in third world countries such as Ethiopia (2%) [4]. In children, asthma
is more frequent in boys than in girls due to their smaller airways relative to their lung
size, with a turnaround during puberty, as the prevalence in women is 20% higher than
in men [5]. Asthma prevalence is steady or even shrinking in many developed countries,
but as lifestyles become more westernized in developing countries, there is a fast increase
in its prevalence in these parts of the world [6]. The interaction between the genomic
background, changing environmental conditions such as more pollution [7], increasing
obesity, the “hygiene hypothesis” and less breastfeeding [8] is likely to play a crucial part.
Parental reduction in smoking has proven to reduce asthma [9]. Important to mention
is that in less developed countries, the detection rate of allergic disease is likely to be
lower, which may result in an underestimation of its prevalence [10]. By identifying and
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characterizing more of these conditions and the involved lifestyle factors, epidemiologic
studies try to deduce potential approaches for prevention of allergic diseases [11]. Asthma
causes impaired life quality, substantial disability and preventable deaths in children
and adolescents, combined with important health care costs [6]. As a consequence, the
increased social and economic burden of asthma makes asthma prevention an important

public health goal [12].

1.2. Pathophysiology Asthma and Allergic rhinitis

Atopic diseases like asthma and allergic rhinitis are complex multifactorial conditions
of which the outcome is strongly influenced by a complex interplay between genetic back-
ground, the state of the body’s defenses, gut microbiota and the environment. There are
different mechanisms and typical pathological characteristics of asthma immunopathology,
which can be divided in three groups: non-eosinophilic (neutrophilic type 1 and type 17
and pauci-granulocytic), eosinophilic (allergic and non-allergic), and mixed granulocytic
inflammation [6]. The eosinophilic group represents 50% of all asthma patients. In this pro-
cess, allergen or trigger factor exposure stimulates local inflammatory responses mediated
by immunoglobulin E (IgE) release. This leads to allergen sensitization and the forming of
an atopic response. Type 2 T helper (Th2) cells play a crucial part in this inflammatory pro-
cess by producing cytokines that control fabrication of allergen-specific immunoglobulin E
and inflammation of tissue characterized by the invasion of eosinophils, mast cells and ac-
tivated CD4+ T-cells. Regulatory T-cells (Treg) are involved in preventing the sensitization
to allergens by the production of anti-inflammatory cytokines such as IL-10, by secreting
transforming growth factor B, and by possibly suppressing the production of immunoglob-
ulin E and proliferation of Type 1 T helper (Thl)/Type 2 T helper (Th2) balance. The
mechanisms of tolerance induction are complex [13]. The intestinal microbiome contributes
to the pathological process of allergic diseases because of its notable effect on mucosal
immunity. A healthy microbiome at a young age changes the balance between T helper 1 T
helper 2, shifting towards a T helper 1 cell response. About 60-70% of the immune cells
are located within the gastrointestinal tract. On the other hand, atopic diseases involve
Type 2 T helper reactions to allergens. Unusual allergic responses are believed to occur in
cases of intestinal dysbiosis during the development of the immune system, causing a shift
of the Th1/Th2 cytokine balance towards a Th2 response, a consequent activation of Th2
cytokines and increased production of IgE [14]. Additionally, there is increasing evidence
that a balanced gut microbiome is needed for the proper formation of T-regulatory cells,
which are important for tolerance induction [13].

1.3. Definitions Pro-, Pre- and Synbiotics

Probiotics are live microorganisms that, when administered in sufficient quantities,
give a health improvement of the host. Probiotics induce immunomodulatory mecha-
nisms in many different ways, including skewing of the Th1/Th2 balance towards Th1
by inhibiting Th2 cytokines or indirectly expanding IL-10 and Treg formation via either
dendritic cell development or Toll-like receptors, although the exact mechanism remains
to be clarified [15]. Prebiotics are substrates that are selectively utilized by host microor-
ganisms conferring a health benefit. Synbiotics are defined as a mixture comprising live
microorganisms and substrate(s) selectively utilized by host microorganisms that confer a
health benefit on the host.

1.4. Rationale for Using Pro-, Pre- and Synbiotics in Atopic Diseases

Living circumstances in the industrialized world such as a decreased fermented food
consumption, increased intake of antibiotics and other drugs, and improved hygiene
are according to data from epidemiologic studies associated to the increase in allergic
diseases. More or less exposure to microbial stimuli during infancy is associated to more
or less allergic disease. The association has been described as the “hygiene hypothesis”.
A lack of exposure to microbial stimuli early in childhood is a major factor involved in
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the steep increase in allergy [16]. In those who spend their childhood on a farm, allergic
diseases are less common [16]. The comparison between the composition of microbiota
of farm children and the microbiota of children with other lifestyles shows a significant
difference [16]. Children living on farms are exposed to a wider range of microbes than
children not living on a farm, and this exposure explains a substantial fraction of the
inverse relation between asthma and growing up on a farm [17]. The gastrointestinal
microbiota composition differs between allergic and healthy infants, independent of the
prevalence of allergic disease in the region [13]. In contrary to what has been believed for
a long time, an amniotic microbiome has been reported, and as a consequence, the fetal
intestine may not be sterile since there is the presence of microbial deoxyribonucleic acid in
meconium [18]. Early life is characterized by a rapid change in gastrointestinal microbiota
composition. The first altering factor of the neonatal microbiome is the contact with vaginal,
fecal and skin bacteria of the mother. In caesarean section-born babies, a less diversified
microbiome is observed. The second altering factor is feeding. Human milk is rich in
oligosaccharides which have prebiotic properties (a substrate that is selectively utilized by
host microorganisms conferring a health benefit [19]) and promote the growth of selected
species of bacteria. Human milk is also a natural bacterial inoculum. The third altering
factor is environmental influenced alterations, which may undo the first two beneficial
gut alterations: environments like neonatal intensive care units and medication such as
antibiotics or proton pump inhibitors administered perinatal or during early life [20,21].

During early life, a balanced gastrointestinal microbiota is of major importance for the
balanced skewing of the developing of the immune system and also determines the gut-
lung communication of the gut-lung axis. Therefore, dysbiosis of the intestinal microbiome
during early life will contribute to immune-mediated diseases later in life [14]. However,
these associations between gut microbiota and allergic disease cannot provide a satisfactory
explanation for all observations and does not result in evidence to decrease the rise in
allergic disorders. However, the microbiota hypothesis does provide a rationale for using
pro-, pre- and synbiotics, to alter the microbiota composition in the intestine to result in a
more balanced development of the immune system [13]. Since a child’s microbiota does
not reflect adult patterns until they are two years old, the infant microbiota may be more
susceptible to manipulation [22].

More knowledge is needed on the mechanisms behind dysbiosis, translocation of
microbiota from the intestine to the respiratory tract through various mechanisms and for
a better evaluation of the therapeutic possibilities to correct this dysbiosis, which in turn
can be used to manage various respiratory diseases [23].

In this paper, we will try to answer the question if probiotics or prebiotics and/or
synbiotic supplementation can alter the microbiome sufficiently to have an efficacious
prevention and/or management of allergic rhinitis and asthma.

2. Materials and Methods

A search was performed in PubMed, EMBASE, Google Scholar, Web of Science and
Cochrane Library. We included preferably meta-analyses, systematic reviews and clinical
trials from 1990 up until October 2020 published in the English language. The following

v

keywords in the respective language were used: “asthma”, “wheezing”, “respiratory
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disease”, “allergic rhinitis”, “allergic coryza”, “probiotics”, “prebiotics”, “synbiotics”,
“prevention”, “therapy”, “therapeutics”, “child”. These keywords were combined with the
Boolean command “OR” and were linked by the Boolean command “AND”. Records were
screened based on the titles and abstracts. Articles were extracted using subject heading
and key words of interest to the topic. A second selection was made by reading the abstract.
Interesting references in included articles were also considered. Records were excluded if
the abstract or full text was not available, if the topic was not relevant, if non-English or if
the study design was not adequate. Duplicates were removed.

Search strategy for human studies in the results section: In PubMed, the following search
string was used: (“Asthma”[MeSH Terms] OR “respiratory disease”[Title/Abstract] OR
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“wheezing”[Title/ Abstract] OR “recurrent wheeze”[Title/ Abstract] OR “rhinitis, allergic, sea-
sonal”[MeSH Terms] OR “allergic coryza”[Title/ Abstract]) AND (“Probiotics”[MeSH Terms]
OR “Prebiotics”[MeSH Terms] OR “Synbiotics”[MeSH Terms]) AND “Child”[MeSH Terms].

3. Results
3.1. Probiotics for Prevention of Asthma
3.1.1. Animal Studies

A beneficial effect of the administration of probiotics was suggested by showing that
oral administration of Lactococcus lactis NZ9000 to rats resulted in a decrease in infiltration
of pro-inflammatory leucocytes, mainly eosinophils and decreased lung IL-4 and IL-5
expression in the broncho-alveolar lavage and a reduced level of serum allergen-specific
IgE [24]. Another study conducted in mice using Lactobacillus rhamnosus GR-1 significantly
prevented airway hyperreactivity development and prevented microbiome disturbance in
the asthmatic animals, supporting the existence of the gut-lung axis [25]. An interesting
aspect is that most probiotics are given orally; however, a new approach was tested by
giving probiotics (Lactobacillus paracasei NCC2461 [26] and Lactobacillus rhamnosus GG [27]
in mice through the nose and showed benefits in reducing inflammation of the lungs [28].
The probiotic Bifidobacterium breve M-16V administered to pregnant mice was shown to
be effective in lowering eosinophils in the broncho-alveolar lavage fluid of neonatal mice
and reduced allergic lung inflammation in mice exposed to air pollution [29]. In another
animal study, the intranasal administration of Lactobacillus rhamnosus GG (LGG), but not
Lactobacillus rhamnosus GR-1, suppressed airway hyper-reactivity and reduced the counts
of eosinophils, IL-13 and IL-5 in broncho-alveolar fluid [27]. In addition to inhibiting
inflammatory cell infiltration in lung tissue, Lactobacillus GG was shown to decrease MMP9
expression, a class of enzymes that are involved in the degradation of the extracellular
matrix and of which levels were significantly increased in asthma [30]. Lactobacillus GG
and Bifidobacterium lactis were shown to increase natural regulatory T cells in the lungs of
asthmatic mice in another animal study [31]. Lee et al. mentioned that four Lactobacillus
species used in animal studies had different immunomodulatory effects [32] against allergy
Lactobacillus planetarum had shown some beneficial effect, but this was not the case for
Lactobacillus salivarius and fermentum [33]. Probiotic strain-specific induction of Foxp3p T
regulatory cells was found in mouse allergy models [34].

3.1.2. Human Studies

In humans, evidence of the use of probiotics as a preventive agent for respiratory
allergies in children was reported to be low [35] (Table 1). A meta-analysis of 2013 showed
that by giving the most frequently used probiotics (Lactobacillus spp. and/or Bifidobacteria
spp.) to prenatal mothers plus continued after birth versus only postnatally, no difference
in IgE levels were seen. Less atopy was seen if the probiotics were given to pregnant
women and continued after birth. Probiotics given after birth only decreases the risk of
atopic sensitization in young children but not of asthma or wheeze [14]. This supports
the theory that probiotics that have colonized the mothers’ intestine will be transferred
at birth during vaginal delivery. Further administration of pro- and prebiotics to the
pregnant mother results in the potential transmission of tolerogenic mediators such as
regulatory cytokines, antibodies and growth factors across the placenta, stimulating the
development of the fetal immune system [36]. This could help to prevent asthma or
allergic rhinitis. Like mentioned above, the findings in pregnant mice are of human interest
since up to now, knowledge was restricted to the fact that Bifidobacterium breve M-16V in
infants can suppress T-helper type 2 immune responses and modulate the systemic Type
1 T helper/Type 2 T helper balance. Exposure of the pregnant mother to air pollution
increases asthma susceptibility of the newborn and later on. Therefore, Bifidobacterium
breve M-16V might contribute to reducing asthma in a population living in highly polluted
areas [29]. In 2014, the Panda Study showed that giving a probiotic mixture postnatally
(two Bifidobactera spp. and Lactococcus lactis) for one year does not have a beneficial effect
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on the development of allergic diseases after six years [37]. After five years follow-up, the
negative outcome persisted [38]. Furthermore, no association (relative risk (RR) 0.59, 95%
CI0.36-0.96, p = 0.059) was found in a study with a follow-up of 11 years. This study was
a two-center RCT using Lactobacillus rhamnosus HNOO1 or Bifidobacterium lactis HNO19 daily
taken from 35-week gestation to six months postpartum in mothers while breastfeeding and
from birth to the age of two years in infants [39]. Consistent with the previously mentioned
studies, a more recent meta-analysis including 19 RCTs involving 5157 children showed
no association as well in lowering the incidence of asthma and wheezing if probiotics
were given to pregnant mothers or postnatally. However, in infants with atopic diseases,
probiotics seem to reduce the wheezing incidence significantly (RR 0.61, 95% CI 0.42—
0.90; p < 0.05). No association was found between probiotics and a subgroup analysis
of asthma (RR 0.94, 95% CI 0.82-1.09). Important to mention is that due to the small
sample size in the subgroup analysis, the information should be interpreted carefully. The
question “Do infants with atopic disease benefit from probiotics (Lactobacillus spp. and/or
Bifidobacteria spp., Propionibacterium freudenreichii ssp. shermanii JS)?” should be tested
in more heterogenetic, well-designed RCTs. Beneficial effects of specific strains might
become lost by pooling probiotic strains together, since the effects are strain-specific. As
a consequence, meta-analysis should be strain-specific. Due to the wide heterogeneity
of strains, mixture and doses administered, the efficacy of specific probiotic strains has
been difficult to analyze. Therefore, further research is needed to optimize the selection of
probiotic strains and the configuration of intervention regimens [12].

3.2. Probiotics for the Treatment of Asthma

The curative effects of probiotics in asthmatics are not well established [40] (Table 2). A
recent study in baby mice indicated that Bifidobacterium infantis could reduce the infiltration
of inflammatory cells by promoting Thl immune responses and oppositely suppressing
Th2 immune responses [41]. In a 2008 systematic review, probiotic administration showed
no positive effect in the treatment of asthma [42]. A later meta-analysis from Das et al.,
which included 12 studies, showed no enhancement in quality-of-life scores in asthmatic
patients. However, probiotics were found to be efficacious in diminishing the amount of
asthma attacks [43]. Altogether, the present evidence does not support use of probiotics
in the treatment of asthma, although some studies suggest some benefit while harm was
not reported [40].

3.3. Probiotics for Prevention of Allergic Rhinitis

The occurrence of perennial allergic rhinitis and seasonal allergic rhinitis has been ris-
ing globally and their management is costly [44] (Table 3). Currently, there is no strong proof
that probiotics are successful in preventing allergic rhinitis [45]. Surprisingly, some studies
suggest that there may even be an increased prevalence of allergic rhino-conjunctivitis in
patients taking probiotics in the perinatal period and in childhood [46]. In a systematic
review published in 2014, five RCTs that have studied the preventive role of probiotics in
allergic rhinitis were assessed. Combining data from adults and children, no difference
in incidence of allergic rhinitis between the probiotic and control groups (odds ratio (OR)
1.07, 95% CI, 0.81-1.42, p = 0.64, fixed-effects model), and no significant difference in the
prevention of allergic rhinitis have been found [47]. A 2019 meta-analysis of seventeen
RCTs including 5264 children could not identify a clear advantage of probiotic supple-
mentation during pre- and postnatal periods in the prevention of allergic rhinitis [48].
In follow-up research of a previous study investigating the pre- and postnatal usage of
probiotics in high-risk children between five and ten years of age, Peldan et al. sent surveys
to their parents to investigate if atopic diseases, including allergic rhinitis, were present.
The lifetime prevalence of allergic rhinitis was equal in both probiotic and placebo groups
(35.2% vs. 41.7%, adjusted OR 0.74, 95% CI 0.55-1.00, p < 0.05); nevertheless, the prevalence
of allergic rhino-conjunctivitis at five to ten years of age was greater in the probiotic than in
the placebo group (36.5% vs. 29.0%, OR 1.43, 95% CI 1.06-1.94, p = 0.03) [46]. Following the
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authors of this study, the question form may be biased since manifestations of viral rhinitis
may be mistaken for allergic rhinitis [46]. After a follow-up of 11 years, the same negative
outcome of no association (RR 0.85, 95% CI 0.65-1.1, p = 0.24) was found for probiotics
Lactobacillus rhamnosus HNOO1 and Bifidobacterium lactis HN019 taken by mothers every day
from 35-week gestation to six months postnatally while breastfeeding and by infants from
birth to two years of age [39]. However, similar to the prevention of asthma, the absence
of evidence for a potential benefit may be due to shortcomings in study designs and the
presence of multiple confounding variables. Probiotic intervention may have a favorable
role in the prevention and additional treatment of allergic rhinitis, although results up to
now are disappointing [49].

3.4. Probiotics for Treatment of Allergic Rhinitis

Avoidance of contact with allergens, medications to reduce symptoms to decrease
inflammation and immunotherapy are standard approaches in the management of allergic
rhinitis [50]. The question raised is if oral probiotics might modulate the microbiome in
such a way that they result in an alteration of the immune system which would contribute
to the treatment of allergic rhinitis [51] (Table 4). The development of allergic inflammation
in a murine house dust mite asthma model is suppressed by synbiotic mixtures of non-
digestible oligosaccharides and Bifidobacterium breve M-16V [52].

A review from 2010 (including seven trials, n = 616, children and adults mixed)
suggested that probiotics (Lactobacillus spp. and Bifidobacterium spp.) contribute to a
decrease in allergic rhinitis symptoms, quality of life and decrease the need for drug intake
(standard mean difference (SMD) —1.17, 95% CI —1.47-0.86; p < 0.00001) [53]. Another meta-
analysis performed in 2014 including 11 RCTs reported similar conclusions, as probiotics
significantly improved both quality of life and nasal symptom scores (SMD —2.97, 95%
CI, —4.77-1.16, p = 0.001). However, this was not associated with an improvement in
immunologic variables [47]. This meta-analysis was criticized for its methodology [47,54].
A 2016 meta-analysis of 22 RCTs also came up with evidence of a potential benefit of
probiotics, once more demonstrating improvement in quality of life. A clinically significant
benefit was reported for at least one outcome in 17 studies, while no benefit could be shown
in six trials. Improvement was mainly regarding quality of life (SMD —2.30, 85% CI —3.93
to —0.67, p = 0.006), while no effect was shown on rhinitis symptoms (SMD —0.34, 95% CI
—0.62-0.07; p = 0.13) or total IgE levels (SMD 0.01, 95% CI —0.17-0.19, p = 0.88), and for
antigen-specific IgE (SMD 0.09, 95% CI —0.44-0.62, p = 0.74) in the placebo group compared
to the probiotic. Studies are characterized by a high degree of heterogeneity in probiotic
strains tested, inclusion criteria and outcomes [55].

In 212 children under five-years-old from Pakistan, a probiotic product administered
as a chewable tablet, containing two x 10° CFU of Lactobacillus Paracasei (LP-33), was
administered once a day for six weeks while the control group was treated with cetirizine
tablet 2.5 mg (<two years) or 5 mg (two-five years) once daily. Significant improvement
from baseline symptoms (rhinorrhea, sneezing, nasal blocking, coughing, feeding difficul-
ties and sleeping difficulties) was reported equally in both groups in almost all children [56].
Although the title of the paper mentions probiotics, the study was in fact performed with
postbiotics since it was lyophilized extracts of bifidobacteria which were shown to suppress
allergic rhinitis in mice via inducing IL-10-producing B cells [57]. Another study (with
mice) showed that Clostridium butyricum extracts—again, postbiotics—can efficiently
inhibit experimental allergic rhinitis by increasing IL-10 expression in B cells [58].

A pilot study in only 20 adult (18-65-years-old) patients with allergic rhinitis caused
by house dust mite allergy suggests that probiotics-impregnated bed linen with five natural
genetically unmodified bacterial probiotic strains of Bacillus species (strains of Bacillus subtilis,
Bacillus amyloliquefaciens and Bacillus pumilus) reduces symptoms and increases quality of
life [59]. A large-scale study is recommended to further investigate all these findings [59].
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Table 1. Studies examining probiotics for prevention of asthma in humans.

Author and . - Administration
# Publication Country Type of Study Number of .Trlals and Age Type of Probiotic Duration of Follow- Effect
or Patients and Dose(s) (cfu) . Up
Date Probiotics
25 studies of 20 cohorts Lactobacillus spp.
Metanalysis including: (n =4031) and Bifidobacterium 1-13.5 months Probiotics did not significantly reduce
1 Elazab et al., United States Double-blinded, Only 10 trials were Birth up to spp. or 8 trial probiotics 0-70 asthma/wheeze (RR 0.96, 95% CI
2013 [14] of America randomized, placebo-  included (n = 3143) to look 6 years. mixed probiotics administrated also months 0.85-1.07), no evidence of publication
controlled trials at probiotics and risk of Dose: prenatal bias (p = 0.25)
asthma/wheeze 1-550 x 108 cfu
. . Probiotic mixture 0-24
Prospectively in a consisting of B 0-24 months months
Gorissen et al., The single-blinded n =123 and 83 at age of Birth up to . &0 . . Did not lead to prevention of asthma at 1
2 . ; . bifidum, B lactis and Administration and once
2014 [37] Netherlands (investigator blinded) 6 years 6 years . and 6 years of age
. Lactococcus lactis started prenatal. at 6 years
design. ; .
Dose: not mentioned of age
Daily from
35-week gestation
. two-center . L rhumnogus HN0O1 to6 months' . No association with the development of
Wickens et al. - Birth— or B. lactis HN019 post-partum in Birth to . o
3 New Zealand randomized placebo- n =407 9 . allergic disease was found RR 0.59, 95%
2018 [39] . 11 years Dose: 6 x 10° cfu or mothers while 11 years
controlled trial 9 . CI10.36-0.96, p = 0.059
9 x 107 cfu breastfeeding and
birth to age
1 years in infants
No significant association of probiotics
Total: 10RCTs L. s with risk of asthma (RR 0.94, 95% CI,
meta-analysis 19 RCTs (1 = 5157) LRCT B PP 0.82-1.09) or wheeze (RR 0.97, 95% CI,
. included 14 RCTs n = 4021 for the . - SPP- 0.88-1.06) compared with placebo.
Wei et al., . . . Birth- 6 RCTs probiotic . .
4 2020 [12] China randomized, analysis of asthma 8 vears mixtures 3-24 months 1-8 years Subgroup analysis by asthma risk
double blind, placebo-  (of which 10 RCTs already Y . showed that probiotics significantly
. . Dose: daily ranged . .
controlled trials used in Elazab et al. from. 108 to 101 cfu reduced wheeze incidence among infants
(2013)) with atopy disease (RR 0.61, 95% CIL,
0.42-0.90),
from 36 weeks’
randomized, L. spp. and B. spp. gestation, and Follow up
Davies et al., United double-blind, _ Birth up to or mixed probiotics ~ then administered  at 2 years L
> 2018 [38] Kingdom placebo-controlled, n=318 5 years Dose: to their infants and No reduction in asthma after 2 or 5 years
parallel group trial 1 x 10" cfu per day during their first 5 years

6 months of life

Legend. #= number; RCT, randomized controlled trial; spp., species; cfu, colony-forming unit; CI, confidence interval; RR, relative risk; L: Lactobacillus; B: Bifidobacterium.
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Table 2. Studies examining probiotics for the treatment of asthma.

Author and Tyvpe of Number of Administration
# Publication Country Sy P . Age Type of Probiotic Duration of Follow-Up Effect
Date tudy Patients Probiotics
Pulmonary function and
1 RCT examining L. gasseri PM-A0005 Ob . PEFR increased
L. servation s g
1 Sharma et al., Korea Review probiotics for 6 up to 2 vears (A5; 8 weeks eriod of significantly and the
2018 [40] treatment of asthma P y 2 x 10%cells/ capsule) 1130 K clinical symptom scores
with n =105 twice a day weeks for asthma decreased in
the probiotic group
1 RCT L. casei
(1010 cfu);
Multi-center Systematic 1 RCT Enterococcus
. . (Greece, The review of 2-13 years faecalis _
2 Vliagoftis et al., United States of  randomized 4RCTs (n=257) (1 R(;T included (18 % 107 cfu); 4 weeks up to 22 up to No effect of probiotics on
2008 [42] Ameri patients up to 1 year 56 weeks asthma treatment
merica, controlled 45 years) 1 RCT L. rhamnosus
Canada) trials y (1010 cfu);
1 RCT L.acidophilus
(7.6 x 108 cfu)
Different strains (L. No improvement in
salivarius, gasseri, quality-of-life score in
10 RCTs (1 = 860) 2up to 16 years  acidophilus, paracasei, asthmatics. Longer time
3 Das et al.,, India Systematic and 2 Randomized (7 RCTs also rhamnosus, 1 month up to Not mentioned free from episodes of
2013 [43] review crossover designs included adults Bulgaricus; 1 year asthma (mean (95% CI
(n=239) up to 57 years) Streptococcus 3.5,2.7-4.3) versus 2.1
thermophilus; (1.5-2.7) months)
B. longum 5 36) (p =0.027))

Legend: #= number; RCT, randomized controlled trial; spp., species; cfu, colony-forming unit; CI, confidence interval; RR, relative risk; L: Lactobacillus; B: Bifidobacterium.
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Table 3. Studies examining probiotics for prevention of allergic rhinitis.

Author and Number of Administration
Publication Date Country Type of Study Patients Age Type of Probiotic Durat}or} of Follow-up Effect
Probiotics
No significant difference in
. . . Children, not terms of prevention of
Zu;g;’;t}f;]al" Italy iﬁztfn“zi‘:z;ea‘l’“;ﬁ 17 RCTs (1 = 4755) otherwise o # 2 mgntzsr:p * thino-conjunctivitis (RR 0.91,
y specified y 95% CI0.67-1.23, p = 0.53)
was documented.
No difference in the
A total of 11 RCTs L. spp. and B. spp. incidence of AR between
of which 5 Mothers from 36 or mixed probiotic and placebo
Peng et al., . . . addressed the weeks of gestation; probiotics groups. Improvement in
2015 [47] China Systematic review preventive role of Infants from birth Dose: wide range ## o overall quality of life and
probiotics in AR up to adults of probiotic nasal symptom scores
(n =1527) doses applied (MD—2.97 95% (I,
—4.77-1.16; p = 0.001).
17 RCTs No clear benefit of probiotics
Du et al., 2019 [48] China Meta-analysis (n = 5264) Children Variable strains ## ## in the prevention of
- allergic rhinitis
Daily from Children taking HN0O1 had
L. thamnosiis 35-week gestation a notable reduction in the
Two-center HNbOl or B. lactis to 6 months risk of rhinitis (RR 0.79, 95%
Wickens et al., New-Zealand randomized "= 407 Birth up to HNOlé post-partum in Birth up to CI0.59-1.05, p = 0.1). Among
2018 [39] ewreeaia placebo- - 11 years Dose: 6 % 10° cfu mothers while 11 years Bifidobacterium lactis HN019

controlled trial

or9 x 107 cfu

breastfeeding and
birth to age 1
years in infants

children, there was no
notable reduction in allergic
rhinitis prevalence.

Legend: #= number; RCT, randomized controlled trials; spp., species; cfu, colony-forming unit; CI, conventional interval; RR, relative risk, ## not mentioned or not applicable; L: Lactobacillus; B: Bifidobacterium
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Table 4. Studies examining probiotics for treatment of allergic rhinitis.
Author and Number of Administration Lone-Term
# Publication Country Type of Study . Age Type of Probiotic Duration of 8 Effect
Patients . e Follow Up
Date Probiotics
L. spp. and B. spp.
Additionally, one RCT Decrease in allergic rhinitis
Das et al.,, . systematic 7 RCTs Streptococcus Aergle
1 2010 [53] India reviews =616 Any age thermophilus 1 up to 2 months none symptoms, quality of life and need
) Dose: for drug intake
Huge variation
Different:
Propionibacterium
During pregnanc freudenreichii ssp. 4-9 months
Peng et al.,, . systematic review 11 RCTs 8 Pres Y shermanii JS, S. Significantly improved both quality
2 ) China . up to 9 months oo Some started none .
2015[47] and meta-analysis n=1527 ¢ thermophiles; L. spp. durine preenan of life and nasal symptom scores
of age and B. spp. uring pregnancy
Dose:
Huge variation
16 RCTs had significant benefits of
probiotics on clinical parameters; 9
22 RCTs RCTs had significant improvement
3 Guvenc et al., Turke Systematic review 1 =2242 (n = 1953 2 up to 65 years Huge variance in From 1 up to none in immunologic parameters
2016 [55] y and metanalysis after losses to of age probiotics and doses 12 months compared with placebo.
follow-up) Meta-analysis significant
ameliorated nasal and ocular
symptoms and QoL scores
L. Paracasei (LP-33) Prqbiotic (LI.’-‘S?.)) was equally.
4 Ahmed et al, Pakistan RCT n=212 6 to 60 months Doses: 6 weeks none effectwe‘as cetirizine in under five
2019 [56] 2 % 10° cfu once dail years children for the treatment of
y perennial allergic rhinitis
Purotex® textile
. . treatment contains five
pll?;:gggiez-scllmd’ different probiotic and
5 Berings et al., Beleium lacebo- ! n=24 18-65 vears natural (not significant improvement in
2017 [59] & p Y enetically modified) symptoms and QoL
controlled, & y ymp

crossover trial

bacterial strains of
Bacillus species.
Doses: unknown

Legend. #: number; RCT randomized controlled trials, spp. species cfu: colony-forming unit, CI confidence interval, RR relative risk; L: Lactobacillus; B: Bifidobacterium; S: Stretococcus.
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3.5. Prebiotics for Prevention/Treatment of Asthma or Allergic Rhinitis

Inulin, fructo-oligosaccharides and galacto-oligosaccharides are well known examples
of prebiotics. Table 5 provides an overview of the literature. These substrates will contribute
to the growth of two common bacteria in the gut-bifidobacteria and lactobacilli [60]. Some of
the substrates interacting with the infant’s gut microbiome are human milk oligosaccharides
(HMOs) [61], which form the third biggest fraction in human milk [36]. In a mouse
model, 2’-fucosyllactose and 6’-sialyllactose decrease the symptoms of food allergy due
to the induction of IL-10(+) T regulatory cells and indirect stabilization of mast cells [62].
Prebiotics such as non-human galacto- and fructo-oligosaccharides have been added to
infant formula to try to mimic the results of HMOs. However, these non-human prebiotics
are less structurally diverse than HMOs [47]. An 18-year follow-up of high-allergy-risk
breastfed infants was conducted to evaluate the relation between HMO profiles of the
mother and the risk of developing asthma, eczema and sensitization. One HMO profile,
namely the acidic Lewis HMOs, showed an increased risk of developing allergic disease
and asthma in youth (OR 5.82, 95% CI 1.59-21.23) compared to the neutral Lewis HMO
profile. Another finding of the study is that the acidic-predominant profile was associated
with a lower risk of food sensitization (OR 0.08, 95% C10.01-0.67, p < 0.05). HMOs have only
been recently available on the market; nevertheless, there are some studies investigating
their effect on allergies [63]. A meta-analysis with two studies reporting early respiratory
symptoms as outcome (n = 249) has examined if these non-human oligosaccharides have
effects on allergy. The study found that infants who received prebiotics (non-human
oligosaccharides) had reduced asthma or recurrent wheezing (RR 0.37, 95% CI 0.17-0.80,
p <0.01) [64]. Another double blinded RCT (n = 461) compared Chinese toddlers drinking
standard milk formula with those drinking a formula containing bioactive proteins and/or
the HMO 2’-fucosyllactose and/or milk fat, for a period of six months. In this study,
however, no difference was found in the occurrence of upper respiratory infections. No
analysis for allergy was conducted [65]. Concluding, there is still little evidence to use
prebiotics for the prevention of asthma and none for allergic rhinitis to our knowledge on
rhinitis. No studies have been conducted to analyze the effects of prebiotics as a treatment
for asthma or allergic rhinitis.

3.6. Synbiotics for Prevention/Treatment of Asthma or Allergic Rhinitis
3.6.1. Asthma

The literature on synbiotics regarding prevention and/or treatment of allergic manifes-
tations is still limited (Table 6). Some analyses do not differentiate between pre-, pro- and
synbiotics. [66]. Ninety infants with atopic dermatitis were managed with a formula with
extensively hydrolyzed protein and were included in a double-blind, placebo controlled
multicenter trial for 12 weeks, randomized to the formula with or without synbiotics over
a period of seven months. One year later, information regarding respiratory symptoms and
asthma medication was collected with a questionnaire. The significant reduced prevalence
of “frequent wheezing” and “wheezing and/or noisy breathing apart from colds” was
observed in the synbiotic group (13.9% vs. 34.2%, absolute risk reduction (ARR) —20.3%,
95% CI —39.2% to —1.5%, and 2.8% vs. 30.8%, ARR —28.0%, 95% CI —43.3% to —12.5%,
respectively). Additionally, the use of asthma medication was significantly lower (5.6% vs.
25.6%, ARR —20.1%, 95% CI —35.7% to —4.5%). However, total IgE levels did not differ.
Increased specific cat-IgE levels were noticed in five children (15.2%) in the placebo group
versus none in the synbiotic group (ARR —15.2%, 95% CI —27.4% to —2.9%). The outcome
of this trial suggests that synbiotics may prevent asthma in infants presenting with atopic
dermatitis [67]. However, the limited number of children included in this trial is a major
limitation. Cabana et al. [68] performed an RCT in 92 infants with a mixture of LGG and
inulin as synbiotic (in the study mentioned as probiotics) between birth and the age of six
months of life in infants with mixed breast and formula feeding [68]. Asthma at the age of
five years was a secondary outcome, but was not statistically different in both groups with
an incidence of 17.4% in the control prebiotic and 9.7% in the symbiotic [68].
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Table 5. Studies examining prebiotics for prevention/treatment of asthma or allergic rhinitis.

Author and Number of Administration Long-Term
# Publication Country Type of Study . Age Type of Prebiotic Duration of 8 Effect
Patients . Follow Up
Date Prebiotics
randomized

controlled trial of

the effects of infant 18 times in the some profiles of HMOs

Lodge et al formulas weanin: 0-12 months first 2 years, were associated with
1 & i Australia  weaning n =145 0-18 years HMO . then yearly until  increased and some with
2020 [63] on allergic disease breastfeeding L
. . 7 years, thenat  decreased allergic disease
risk, then continued . -
. 12 and 18 years risks over childhood
as an observational
birth cohort
Cuello-Garcia International Meta-analysis _ HMO reduced asthma or
2 et al. 2016 [64] ?? 2 RCTs n=249 Infant HMO L i recurrent wheezing
. standard formula
randomized, . . .
controlled milk or containing No reduction for
Leung et al,, . o ’ _ N bioactive proteins respiratory and
3 2020 [65] China daizﬁli_bi?j’ n =461 1-2.5 years and/or the HMO R D gastrointestinal infections
paralie-group 2'-fucosyllactose in toddlers with HMO
clinical trial

and/or milk fat

Legend. #: number; HMO, human milk oligosaccharide; RCT, randomized controlled trial; spp., species; cfu, colony-forming unit; CI, confidence interval; RR, relative risk; ## not mentioned or not applicable.
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Table 6. Studies examining synbiotics for prevention/treatment of asthma.

Author and Number of Type of Administration Lone-Term
# Publication Country Type of Study . Age ype ot Duration of & Effect
Patients Synbiotic . Follow Up
Date Syniotics
extensively
hydrolyz.ed synbiotic mixture
. formula with B. .
double-blind, prevents asthma-like
breve M-16V and . .
1 van der Aa et al,, The placebo- n =90 follow up mean age a ealacto/ fructo- 4 weeks 1 vear symptoms in infants with
2011 [67] Netherlands controlled n=75 17.3 months g . y atopic dermatitis.
. . oligosaccharide s
multicenter trial . Additionally, less started
mixture . c
with medication
Dose:
Not mentioned
1010 cfu L.
. randomized, rhamnosus GG S .
2 Cabana et al,, United st'fates of double-blind n=92 4 days and 225 mg of 6 months Up to 6 years .No 51gn1f1ca'nt reduc.tl(?n
2017 [68] America . old-6 years . . in asthma with synbiotics
controlled trial inulin for first 6
months of life
double—bl.mded, S. thermophiles; L. L?ss .ogtpatlent visits, no
Hassanzad et al randomized, S and B. s significant frequency of
3 v Iran placebo- n =100 6.9 4= 2.7 years PP:  SPP 6 months Not mentioned asthma attacks and
2019 [69] zinc and FOS .
controlled " hospitalization due to
- . (prebiotic)
clinical trial

asthma being exacerbated

Legend. #number; RCT, randomized controlled trial; spp., species; cfu, colony-forming unit; CI, confidence interval; RR, relative risk; L: Lactobacillus; B: Bifidobacterium; S: Streptococcus; FOS: fructo-

oligosaccharide.
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A double-blinded, placebo-controlled RCT performed in Iranian children younger
than 12 years tested the efficacy of synbiotic (Kidilact®: Streptococcus thermophilus, Bifi-
dobacterium spp., Lactobacillus spp. zinc and fructo-oligosaccharide) asthma management.
Multiple outcomes did not show a difference between both groups; the number of out-
patient visits, 19 in the synbiotic versus 55 in the control arm (p = 0.001), was the only
statistically significant difference [69].

3.6.2. Allergic Rhinitis

The effect of synbiotics on prevention of allergic rhinitis will remain unanswered
because no RCTs have been conducted yet to our knowledge (Table 7). Clinical symptoms
and quality of life improve with immunotherapy, but synbiotics do not contribute to this
improvement.

Table 7. Studies examining synbiotics for prevention/treatment of allergic rhinitis.

Adult’h(:)rl. T £ Number Administration L T
# anc Ludll Country Jpe o of Age Type of Synbiotic Duration of ong- erm Effect
cation Study Pati . Follow Up
Date atients Synbtics
Significant
reduction in IL-17
gene expression
following
administration of
placebo- . symbiotic.
Dehnavi controlled, 9up t 5. theerop hzlu;,olé SPP~ Total of Clinical
1 etal., 2019 Iran double- n=20 53up o - SPP~ R 2 months ota’ o symptoms and
[70] blind years Doses: 6 months quality of life
RCT not written were improved
with
immunotherapy.
Synbiotics did
not have
additional effects
seven different
Gram-positive
organisms: 9 x 10°
cfu/g lyophilized
lactobacilli (L. Addition of
acidophilus, L. casei, L. probiotics to
Jalali et al Crossover Adults; delbrueckii subsp. L. Total 2 budesonide
2 2019 [51 ]" Iran RCT n =152 30.1+ bulgaricus, and L. 4 months months significantly
g 7.6 years rhamnosus), 1.25 x 1010 improved QoL in
of bifidobacteria persistent AR
(B. longum, and B. breve), patients

and 1.5 x 10710 of

S. salivarius subsp.

thermophilus and
38.5 mg FOS

Legend. #: number; RCT, randomized controlled trial; spp., species; cfu, colony-forming unit; CI, confidence interval; RR, relative risk; L:
Lactobacillus; B: Bifidobacterium; S; Stretococcus; FOS; fructo-oligosaccharide.

Synbiotics in the treatment of allergic rhinitis are also poorly studied, although some
of the trials reporting on the efficacy of probiotics, in fact, concern synbiotics [37]. A
placebo-controlled, double-blind RCT in a small number of children and adults (n = 20,
age nine-53 years) in Iran showed that immunotherapy and a synbiotic (Streptococcus
thermophilus, Bifidobacterium spp., Lactobacillus spp., fructo-oligosaccharide) reduced the
gene expression of IL-17 after two and six months (p = 0.001, p = 0.0001) more compared to
the group receiving immunotherapy and a placebo [70]. Other probiotics [71] were also
shown to reduce cytokine IL-17 by directly and indirectly downregulating and suppressing
the T helper 17 subset. A 2019 crossover RCT (n = 152 subjects (30.1 £ 7.6 years) in adults
in Iran showed that adding synbiotics (however, in the study, mentioned as probiotics) to
budesonide significantly ameliorated quality of life in persistent allergic rhinitis patients
(p < 0.05 for social functioning and p < 0.001 for mental health and vitalism) [37]. The patient
population used in this study may not be representative for allergic rhinitis patients in the
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overall population, since symptoms did not respond to usual therapy with antihistamines,
antileukotrienes, decongestants and nasal steroids [51].

More well-designed studies, investigating only the effects of synbiotics for allergy
prevention and/or treatment, are needed [36].

4. Conclusions

Meta-analyses have showed marked heterogeneity as well in inclusion criteria, studied
products and primary outcomes between studies, making direct comparison hazardous.
Today, the American Academy of Pediatrics, the European Academy of Allergy and Clinical
Immunology, the National Institute of Allergy and Infectious Disease, and the European
Society for Pediatric Gastroenterology, Hepatology and Nutrition do not recommend the
use of probiotics for primary prevention of allergic disease [13]. The lack of evidence is
the consequence of large heterogeneities between study designs, differences in strains,
and dosages and duration of probiotics administered. Future research may clarify these
issues [35]. Data from laboratory research in well-controlled conditions demonstrate
an important role for gastrointestinal microbiota composition on the development of
allergic disease in the respiratory tract, suggesting even a causal relation. Data from
clinical human studies remain disappointing. The multiple confounding variables in the
clinical situation, therefore, illustrate the impact of environmental and other variables
on the development of allergic disease. Overall, we have to conclude that the evidence
is insufficient to recommend administration of pro-, pre- or synbiotics in the prevention
or treatment of respiratory tract allergies. However, adverse effects are not reported.
Additionally, data obtained in controlled situations suggest benefits. Future research
requires thoughtful development of appropriate study design according to internationally
set standards to ensure uniformity [72]. The modes of action of pro-, pre- and synbiotics
need to be further clarified in health and disease [40].

Author Contributions: Conceptualization, L.M., ELL. and Y.V,; methodology, L.M., E.LL.; software,
LM, ELL,; validation, L.M., ELL., Y.V;; formal analysis, L.M., E.LL.; investigation, L M., ELL.;
resources, L.M., EIL.; data curation, L.M., E.LL.; writing—original draft preparation, L.M., ELL.;
writing—review and editing, L.M. E.LL.; visualization, L.M., E.LL.; supervision, E.LL, Y.V.; project
administration, L.M., ELL.; funding acquisition, none. Please turn to the CRediT taxonomy for the
term explanation. Authorship must be limited to those who have contributed substantially to the
work reported. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: L.M. and E.LL. declare no conflict of interest. Y.V. has participated as a
clinical investigator, and /or advisory board member, and/or consultant, and/or speaker for Abbott
Nutrition,, ByHeart, CHR Hansen, Danone, ELSE Nutrition, Friesland Campina, Nestle Health
Science, Nestle Nutrition Institute, Nutricia, Mead Johnson Nutrition, Phathom Pharmaceuticals,
United Pharmaceuticals, Wyeth.

References

1.

Asher, ML.I,; Montefort, S.; Bjorkstén, B.; Lai, C.K.; Strachan, D.P.; Weiland, S.K.; Williams, H. Worldwide time trends in the
prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and Three repeat
multicountry cross-sectional surveys. Lancet 2006, 368, 733-743. [CrossRef]

Meltzer, E.O. Allergic rhinitis: Burden of illness, quality of life, comorbidities, and control. Immunol. Allergy Clin. N. Am. 2016, 36,
235-248. [CrossRef]

Global, regional, and national incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries,
1990-2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet 2017, 390, 1211-1259. [CrossRef]

To, T.; Stanojevic, S.; Moores, G.; Gershon, A.S.; Bateman, E.D.; Cruz, A.A.; Boulet, L.-P. Global asthma prevalence in adults:
Findings from the cross-sectional world health survey. BMC Public Health 2012, 12, 204. [CrossRef]


http://doi.org/10.1016/S0140-6736(06)69283-0
http://doi.org/10.1016/j.iac.2015.12.002
http://doi.org/10.1016/S0140-6736(17)32154-2
http://doi.org/10.1186/1471-2458-12-204

Nutrients 2021, 13, 934 16 of 18

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Leynaert, B.; Sunyer, J.; Garcia-Esteban, R.; Svanes, C.; Jarvis, D.; Cerveri, I.; Dratva, J.; Gislason, T.; Heinrich, J.; Janson, C.; et al.
Gender differences in prevalence, diagnosis and incidence of allergic and non-allergic asthma: A population-based cohort. Thorax
2012, 67, 625-631. [CrossRef] [PubMed]

Papi, A.; Brightling, C.; Pedersen, S.E.; Reddel, H.K. Asthma. Lancet 2018, 391, 783-800. [CrossRef]

Kuang, H.; Li, Z,; Lv, X,; Wu, P; Tan, J.; Wu, Q.; Li, Y; Jiang, W.; Pang, Q.; Wang, Y.; et al. Exposure to volatile organic
compounds may be associated with oxidative DNA damage-mediated childhood asthma. Ecotoxicol. Environ. Saf. 2021, 210,
111864. [CrossRef] [PubMed]

Enilari, O.; Sinha, S. The global impact of asthma in adult populations. Ann. Glob. Health 2019, 85. [CrossRef] [PubMed]
Molero, Y.; Zetterqvist, J.; Lichtenstein, P.; Almqvist, C.; Ludvigsson, ].F. Parental nicotine replacement therapy and offspring
bronchitis /bronchiolitis and asthma—A nationwide population-based cohort study. Clin. Epidemiol. 2018, 10, 1339-1347.
[CrossRef]

Arokiasamy, P.; Uttamacharya; Kowal, P; Capistrant, B.D.; Gildner, T.E.; Thiele, E.; Biritwum, R.B.; Yawson, A.E.; Mensah, G.;
Maximova, T.; et al. Chronic noncommunicable diseases in 6 Low- and middle-income countries: Findings from wave 1 of the
world health organization’s study on global ageing and adult health (SAGE). Am. J. Epidemiol. 2017, 185, 414-428. [CrossRef]
[PubMed]

Von Mutius, E.; Matsui, E.C. Prevention is the best remedy: What can we do to stop allergic disease? J. Allergy Clin. Immunol.
Pract. 2020, 8, 890-891. [CrossRef]

Wei, X,; Jiang, P; Liu, J.; Sun, R.; Zhu, L. Association between probiotic supplementation and asthma incidence in infants: A
meta-analysis of randomized controlled trials. . Asthma 2020, 57, 167-178. [CrossRef]

Kallioméki, M.; Antoine, ].M.; Herz, U.; Rijkers, G.T.; Wells, ]. M.; Mercenier, A. Guidance for substantiating the evidence for
beneficial effects of probiotics: Prevention and management of allergic diseases by probiotics. J. Nutr. 2010, 140, 713s-721s.
[CrossRef] [PubMed]

Elazab, N.; Mendy, A.; Gasana, J.; Vieira, E.R.; Quizon, A.; Forno, E. Probiotic administration in early life, atopy, and asthma: A
meta-analysis of clinical trials. Pediatrics 2013, 132, E666-E676. [CrossRef] [PubMed]

Dicksved, J.; Floistrup, H.; Bergstrom, A.; Rosenquist, M.; Pershagen, G.; Scheynius, A.; Roos, S.; Alm, ].S.; Engstrand, L.;
Braun-Fahrlidnder, C.; et al. Molecular fingerprinting of the fecal microbiota of children raised according to different lifestyles.
Appl. Environ. Microbiol. 2007, 73, 2284-2289. [CrossRef]

Braun-Fahrlander, C.; Gassner, M.; Grize, L.; Neu, U.; Sennhauser, EH.; Varonier, H.S.; Vuille, ].C.; Wiithrich, B. Prevalence of hay
fever and allergic sensitization in farmer’s children and their peers living in the same rural community. SCARPOL team. Swiss
study on childhood allergy and respiratory symptoms with respect to air pollution. Clin. Exp. Allergy 1999, 29, 28-34. [CrossRef]
Ege, ML].; Mayer, M.; Normand, A.C.; Genuneit, J.; Cookson, W.O.; Braun-Fahrldnder, C.; Heederik, D.; Piarroux, R.; von Mutius,
E. Exposure to environmental microorganisms and childhood asthma. N. Engl. J. Med. 2011, 364, 701-709. [CrossRef]

Valdes, A.M.; Walter, J.; Segal, E.; Spector, T.D. Role of the gut microbiota in nutrition and health. Br. Med. J. 2018, 361, k2179.
[CrossRef]

Swanson, K.S.; Gibson, G.R.; Hutkins, R.; Reimer, R.A.; Reid, G.; Verbeke, K.; Scott, K.P.; Holscher, H.D.; Azad, M.B.; Delzenne,
N.M.; et al. The International Scientific Association for Probiotics and Prebiotics (ISAPP) consensus statement on the definition
and scope of synbiotics. Nat. Rev. Gastroenterol. Hepatol. 2020, 17, 687-701. [CrossRef] [PubMed]

Goulet, O. Potential role of the intestinal microbiota in programming health and disease. Nutr. Rev. 2015, 73, 32—40. [CrossRef]
[PubMed]

Buccigrossi, V.; Nicastro, E.; Guarino, A. Functions of intestinal microflora in children. Curr. Opin. Gastroenterol. 2013, 29, 31-38.
[CrossRef] [PubMed]

Sepp, E.; Mikelsaar, M.; Salminen, S. Effect of administration of Lactobacillus casei strain GG on the gastrointestinal microbiota of
newborns. Microb. Ecol. Health Dis. 1993, 6, 309-314. [CrossRef]

Trivedi, R.; Barve, K. Gut microbiome a promising target for management of respiratory diseases. Biochem. | 2020, 477, 2679-2696.
[CrossRef] [PubMed]

Cervantes-Garcia, D.; Jiménez, M.; Rivas-Santiago, C.E.; Gallegos-Alcala, P.; Hernandez-Mercado, A.; Santoyo-Payan, L.S.;
Loera-Arias, M.].; Saucedo-Cardenas, O.; Montes de Oca-Luna, R.; Salinas, E. Lactococcus lactis NZ9000 prevents asthmatic
airway inflammation and remodelling in rats through the improvement of intestinal barrier function and systemic TGF-3
production. Int. Arch. Allergy Immunol. 2020, 1-15. [CrossRef]

Spacova, I.; Van Beeck, W.; Seys, S.; Devos, E; Vanoirbeek, J.; Vanderleyden, J.; Ceuppens, J.; Petrova, M.; Lebeer, S. Lactobacillus
rhamnosus probiotic prevents airway function deterioration and promotes gut microbiome resilience in a murine asthma model.
Gut Microbes 2020, 11, 1729-1744. [CrossRef] [PubMed]

Pellaton, C.; Nutten, S.; Thierry, A.-C.; Boudousquié, C.; Barbier, N.; Blanchard, C.; Corthésy, B.; Mercenier, A.; Spertini, F.
Intragastric and intranasal administration of -Lactobacillus paracasei- NCC2461 modulates allergic airway inflammation in mice.
Int. J. Inflamm. 2012, 2012, 686739. [CrossRef] [PubMed]

Spacova, I.; Petrova, M.L; Fremau, A.; Pollaris, L.; Vanoirbeek, J.; Ceuppens, J.L.; Seys, S.; Lebeer, S. Intranasal administration
of probiotic Lactobacillus rhamnosus GG prevents birch pollen-induced allergic asthma in a murine model. Allergy 2019, 74,
100-110. [CrossRef] [PubMed]


http://doi.org/10.1136/thoraxjnl-2011-201249
http://www.ncbi.nlm.nih.gov/pubmed/22334535
http://doi.org/10.1016/S0140-6736(17)33311-1
http://doi.org/10.1016/j.ecoenv.2020.111864
http://www.ncbi.nlm.nih.gov/pubmed/33412282
http://doi.org/10.5334/aogh.2412
http://www.ncbi.nlm.nih.gov/pubmed/30741503
http://doi.org/10.2147/CLEP.S171401
http://doi.org/10.1093/aje/kww125
http://www.ncbi.nlm.nih.gov/pubmed/28399566
http://doi.org/10.1016/j.jaip.2020.01.010
http://doi.org/10.1080/02770903.2018.1561893
http://doi.org/10.3945/jn.109.113761
http://www.ncbi.nlm.nih.gov/pubmed/20130079
http://doi.org/10.1542/peds.2013-0246
http://www.ncbi.nlm.nih.gov/pubmed/23958764
http://doi.org/10.1128/AEM.02223-06
http://doi.org/10.1046/j.1365-2222.1999.00479.x
http://doi.org/10.1056/NEJMoa1007302
http://doi.org/10.1136/bmj.k2179
http://doi.org/10.1038/s41575-020-0344-2
http://www.ncbi.nlm.nih.gov/pubmed/32826966
http://doi.org/10.1093/nutrit/nuv039
http://www.ncbi.nlm.nih.gov/pubmed/26175488
http://doi.org/10.1097/MOG.0b013e32835a3500
http://www.ncbi.nlm.nih.gov/pubmed/23196853
http://doi.org/10.3109/08910609309141340
http://doi.org/10.1042/BCJ20200426
http://www.ncbi.nlm.nih.gov/pubmed/32726437
http://doi.org/10.1159/000511146
http://doi.org/10.1080/19490976.2020.1766345
http://www.ncbi.nlm.nih.gov/pubmed/32522072
http://doi.org/10.1155/2012/686739
http://www.ncbi.nlm.nih.gov/pubmed/22762009
http://doi.org/10.1111/all.13502
http://www.ncbi.nlm.nih.gov/pubmed/29888398

Nutrients 2021, 13, 934 17 of 18

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Jamalkandi, S.A.; Ahmadi, A.; Ahrari, I.; Salimian, J.; Karimi, M.; Ghanei, M. Oral and nasal probiotic administration for the
prevention and alleviation of allergic diseases, asthma and chronic obstructive pulmonary disease. Nutr. Res. Rev. 2020, 1-16.
[CrossRef] [PubMed]

Terada-Ikeda, C.; Kitabatake, M.; Hiraku, A.; Kato, K.; Yasui, S.; Imakita, N.; Ouji-Sageshima, N.; Iwabuchi, N.; Hamada, K;
Ito, T. Maternal supplementation with Bifidobacterium breve M-16V prevents their offspring from allergic airway inflammation
accelerated by the prenatal exposure to an air pollutant aerosol. PLoS ONE 2020, 15, e0238923. [CrossRef] [PubMed]

Mennini, M.; Dahdah, L.; Artesani, M.C.; Fiocchi, A.; Martelli, A. Probiotics in asthma and allergy prevention. Front. Pediatr. 2017,
5,165. [CrossRef]

Feleszko, W.; Jaworska, J.; Rha, R.D.; Steinhausen, S.; Avagyan, A.; Jaudszus, A.; Ahrens, B.; Groneberg, D.A.; Wahn, U.;
Hamelmann, E. Probiotic-induced suppression of allergic sensitization and airway inflammation is associated with an increase of
T regulatory-dependent mechanisms in a murine model of asthma. Clin. Exp. Allergy 2007, 37, 498-505. [CrossRef]

Lee, J.; Bang, J.; Woo, H.]. Inmunomodulatory and anti-allergic effects of orally administered Lactobacillus species in ovalbumin-
sensitized mice. . Microbiol. Biotechnol. 2013, 23, 724-730. [CrossRef]

Huang, R.; Ning, H.; Shen, M,; Li, J.; Zhang, J.; Chen, X. Probiotics for the treatment of atopic dermatitis in children: A systematic
review and meta-analysis of randomized controlled trials. Front. Cell Infect. Microbiol. 2017, 7, 392. [CrossRef]

Lyons, A.; O'Mahony, D.; O’Brien, F.; MacSharry, J.; Sheil, B.; Ceddia, M.; Russell, W.M.; Forsythe, P.; Bienenstock, J.; Kiely, B.;
et al. Bacterial strain-specific induction of Foxp3+ T regulatory cells is protective in murine allergy models. Clin. Exp. Allergy
2010, 40, 811-819. [CrossRef] [PubMed]

Wang, H.T.; Anvari, S.; Anagnostou, K. The role of probiotics in preventing allergic disease. Children 2019, 6, 24. [CrossRef]
West, C.E.; Dzidic, M.; Prescott, S.L.; Jenmalm, M.C. Bugging allergy; role of pre-, pro- and synbiotics in allergy prevention.
Allergol. Int. 2017, 66, 529-538. [CrossRef] [PubMed]

Gorissen, D.M.; Rutten, N.B.; Oostermeijer, C.M.; Niers, L.E.; Hoekstra, M.O.; Rijkers, G.T.; van der Ent, C.K. Preventive effects of
selected probiotic strains on the development of asthma and allergic rhinitis in childhood. The Panda study. Clin. Exp. Allergy
2014, 44, 1431-1433. [CrossRef] [PubMed]

Davies, G.; Jordan, S.; Brooks, C.J.; Thayer, D.; Storey, M.; Morgan, G.; Allen, S.; Garaiova, I.; Plummer, S.; Gravenor, M. Long
term extension of a randomised controlled trial of probiotics using electronic health records. Sci. Rep. 2018, 8, 7668. [CrossRef]
Wickens, K.; Barthow, C.; Mitchell, E.A.; Kang, J.; van Zyl, N.; Purdie, G.; Stanley, T.; Fitzharris, P.; Murphy, R.; Crane, J. Effects of
Lactobacillus rhamnosus HNO01 in early life on the cumulative prevalence of allergic disease to 11 years. Pediatr. Allergy Immunol.
2018, 29, 808-814. [CrossRef]

Sharma, G.; Im, S.H. Probiotics as a potential immunomodulating pharmabiotics in allergic diseases: Current status and future
prospects. Allergy Asthma Immunol. Res. 2018, 10, 575-590. [CrossRef]

Wang, W.; Luo, X.; Zhang, Q.; He, X.; Zhang, Z.; Wang, X. Bifidobacterium infantis relieves allergic asthma in mice by regulating
Th1l/Th2. Med. Sci. Monit. 2020, 26, €920583. [CrossRef]

Vliagoftis, H.; Kouranos, V.D.; Betsi, G.I; Falagas, M.E. Probiotics for the treatment of allergic rhinitis and asthma: Systematic
review of randomized controlled trials. Ann. Allerqy Asthma Immunol. 2008, 101, 570-579. [CrossRef]

Das, R.R.; Naik, S.S.; Singh, M. Probiotics as additives on therapy in allergic airway diseases: A systematic review of benefits and
risks. BioMed Res. Int. 2013, 2013. [CrossRef] [PubMed]

Brozek, ].L.; Bousquet, J.; Baena-Cagnani, C.E.; Bonini, S.; Canonica, G.W.; Casale, T.B.; van Wijk, R.G.; Ohta, K.; Zuberbier, T.;
Schiinemann, H.J. Allergic rhinitis and its impact on asthma (ARIA) guidelines: 2010 revision. J. Allergy Clin. Immunol. 2010, 126,
466-476. [CrossRef]

Zuccotti, G.; Meneghin, F.; Aceti, A.; Barone, G.; Callegari, M.L.; Di Mauro, A.; Fantini, M.P,; Gori, D.; Indrio, F.; Maggio, L.;
et al. Probiotics for prevention of atopic diseases in infants: Systematic review and meta-analysis. Allergy 2015, 70, 1356-1371.
[CrossRef]

Peldan, P.; Kukkonen, A.K.; Savilahti, E.; Kuitunen, M. Perinatal probiotics decreased eczema up to 10 years of age, but at 5-10
years, allergic rhino-conjunctivitis was increased. Clin. Exp. Allergy 2017, 47, 975-979. [CrossRef] [PubMed]

Peng, Y,; Li, A.; Yu, L.; Qin, G. The role of probiotics in prevention and treatment for patients with allergic rhinitis: A systematic
review. Am. J. Rhinol. Allergy 2015, 29, 292-298. [CrossRef] [PubMed]

Du, X,; Wang, L.; Wu, S,; Yuan, L.; Tang, S.; Xiang, Y.; Qu, X.; Liu, H.; Qin, X,; Liu, C. Efficacy of probiotic supplementary therapy
for asthma, allergic rhinitis, and wheeze: A meta-analysis of randomized controlled trials. Allergy Asthma Proc. 2019, 40, 250-260.
[CrossRef] [PubMed]

Dimitri-Pinheiro, S.; Soares, R.; Barata, P. The microbiome of the nose-friend or foe? Allergy Rhinol. 2020, 11, 2152656720911605.
[CrossRef]

Juniper, E.E; Stahl, E.; Doty, R.L.; Simons, EE.; Allen, D.B.; Howarth, P.H. Clinical outcomes and adverse effect monitoring in
allergic rhinitis. J. Allergy Clin. Immunol. 2005, 115, S390-5413. [CrossRef] [PubMed]

Jalali, M.M.; Soleimani, R.; Alavi Foumani, A.; Ganjeh Khosravi, H. Add-on probiotics in patients with persistent allergic rhinitis:
A randomized crossover clinical trial. Laryngoscope 2019, 129, 1744-1750. [CrossRef]

Verheijden, K.A.; Willemsen, L.E.; Braber, S.; Leusink-Muis, T.; Jeurink, P.V.; Garssen, J.; Kraneveld, A.D.; Folkerts, G. The
development of allergic inflammation in a murine house dust mite asthma model is suppressed by synbiotic mixtures of
non-digestible oligosaccharides and Bifidobacterium breve M-16V. Eur. ]. Nutr. 2016, 55, 1141-1151. [CrossRef]


http://doi.org/10.1017/S0954422420000116
http://www.ncbi.nlm.nih.gov/pubmed/32281536
http://doi.org/10.1371/journal.pone.0238923
http://www.ncbi.nlm.nih.gov/pubmed/32915886
http://doi.org/10.3389/fped.2017.00165
http://doi.org/10.1111/j.1365-2222.2006.02629.x
http://doi.org/10.4014/jmb.1211.11079
http://doi.org/10.3389/fcimb.2017.00392
http://doi.org/10.1111/j.1365-2222.2009.03437.x
http://www.ncbi.nlm.nih.gov/pubmed/20067483
http://doi.org/10.3390/children6020024
http://doi.org/10.1016/j.alit.2017.08.001
http://www.ncbi.nlm.nih.gov/pubmed/28865967
http://doi.org/10.1111/cea.12413
http://www.ncbi.nlm.nih.gov/pubmed/25227163
http://doi.org/10.1038/s41598-018-25954-z
http://doi.org/10.1111/pai.12982
http://doi.org/10.4168/aair.2018.10.6.575
http://doi.org/10.12659/MSM.920583
http://doi.org/10.1016/S1081-1206(10)60219-0
http://doi.org/10.1155/2013/231979
http://www.ncbi.nlm.nih.gov/pubmed/23956972
http://doi.org/10.1016/j.jaci.2010.06.047
http://doi.org/10.1111/all.12700
http://doi.org/10.1111/cea.12924
http://www.ncbi.nlm.nih.gov/pubmed/28316095
http://doi.org/10.2500/ajra.2015.29.4192
http://www.ncbi.nlm.nih.gov/pubmed/26163249
http://doi.org/10.2500/aap.2019.40.4227
http://www.ncbi.nlm.nih.gov/pubmed/31262380
http://doi.org/10.1177/2152656720911605
http://doi.org/10.1016/j.jaci.2004.12.014
http://www.ncbi.nlm.nih.gov/pubmed/15746880
http://doi.org/10.1002/lary.27858
http://doi.org/10.1007/s00394-015-0928-8

Nutrients 2021, 13, 934 18 of 18

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
72.

Das, R.R.; Singh, M.; Shafiq, N. Probiotics in treatment of allergic rhinitis. World Allergy Organ. ]. 2010, 3, 239-244. [CrossRef]
[PubMed]

Turner, ]. H.; Adams, A.S.; Zajac, A. Probiotics in prevention and treatment of allergic rhinitis. Am. J. Rhinol. Allergy 2015, 29, e224.
[CrossRef]

Giveng, I.A.; Muluk, N.B.,; Mutlu, ES.; Eski, E.; Altintoprak, N.; Oktemer, T.; Cingi, C. Do probiotics have a role in the treatment
of allergic rhinitis? A comprehensive systematic review and meta-analysis. Am. J. Rhinol. Allergy 2016, 30, e157-e175. [CrossRef]
[PubMed]

Ahmed, M.; Billoo, A.G.; Igbal, K. Efficacy of probiotic in perennial allergic rhinitis under five year children: A randomized
controlled trial. Pak. J. Med. Sci. 2019, 35, 1538-1543. [CrossRef] [PubMed]

Xue, ] M.; Ma, F; An, Y.E; Suo, LM,; Geng, X.R.; Song, Y.N.; Mo, L.H.; Luo, X.Q.; Zhang, X.W,; Liu, D.B.; et al. Probiotic extracts
ameliorate nasal allergy by inducing interleukin-35-producing dendritic cells in mice. Int. Forum Allergy Rhinol. 2019, 9, 1289-1296.
[CrossRef] [PubMed]

Zeng, X.H.; Yang, G.; Liu, ].Q.; Geng, X.R.; Cheng, B.H.; Liu, Z.Q.; Yang, P.C. Nasal instillation of probiotic extracts inhibits
experimental allergic rhinitis. Immunotherapy 2019, 11, 1315-1323. [CrossRef] [PubMed]

Berings, M.; Jult, A.; Vermeulen, H.; De Ruyck, N.; Derycke, L.; Ucar, H.; Ghekiere, P.; Temmerman, R.; Ellis, J.; Bachert,
C.; et al. Probiotics-impregnated bedding covers in house dust mite allergic rhinitis patients: A double-blind, randomised,
placebo-controlled, crossover clinical trial. Allergy 2017, 72, 23. [CrossRef]

Gibson, G.R.; Hutkins, R.; Sanders, M.E.; Prescott, S.L.; Reimer, R.A.; Salminen, S.J.; Scott, K.; Stanton, C.; Swanson, K.S.; Cani,
P.D.; et al. Expert consensus document: The international scientific association for probiotics and prebiotics (ISAPP) consensus
statement on the definition and scope of prebiotics. Nat. Rev. Gastroenterol. Hepatol. 2017, 14, 491-502. [CrossRef]

Bode, L. The functional biology of human milk oligosaccharides. Early Hum. Dev. 2015, 91, 619-622. [CrossRef]
Castillo-Courtade, L.; Han, S.; Lee, S.; Mian, EM.; Buck, R.; Forsythe, P. Attenuation of food allergy symptoms following treatment
with human milk oligosaccharides in a mouse model. Allergy 2015, 70, 1091-1102. [CrossRef] [PubMed]

Lodge, C.J.; Lowe, A.J.; Milanzi, E.; Bowatte, G.; Abramson, M.].; Tsimiklis, H.; Axelrad, C.; Robertson, B.; Darling, A.E.; Svanes,
C.; et al. Human milk oligosaccharide profiles and allergic disease up to 18 years. J. Allergy Clin. Immunol. 2020. [CrossRef]
[PubMed]

Cuello-Garcia, C.A.; Fiocchi, A.; Pawankar, R.; Yepes-Nuiiez, ].].; Morgano, G.P.; Zhang, Y.; Ahn, K.; Al-Hammadj, S.; Agarwal, A.;
Gandhi, S.; et al. World allergy organization-McMaster university guidelines for allergic disease prevention (GLAD-P): Prebiotics.
World Allergy Organ. J. 2016, 9, 10. [CrossRef] [PubMed]

Leung, T.F; Ulfman, L.H.; Chong, M.K.C.; Hon, K.L.; Khouw, I.; Chan, PK.S.; Delsing, D.].; Kortman, G.A.M.; Bovee-Oudenhoven,
LM.]. A randomized controlled trial of different young child formulas on upper respiratory and gastrointestinal tract infections in
Chinese toddlers. Pediatr. Allergy Immunol. 2020, 31, 745-754. [CrossRef] [PubMed]

Azad, M.B.; Coneys, ].G.; Kozyrskyj, A.L.; Field, C.J.; Ramsey, C.D.; Becker, A.B.; Friesen, C.; Abou-Setta, A.M.; Zarychanski,
R. Probiotic supplementation during pregnancy or infancy for the prevention of asthma and wheeze: Systematic review and
meta-analysis. Br. Med. |. 2013, 347, 15. [CrossRef] [PubMed]

Van der Aa, L.B.; van Aalderen, W.M.; Heymans, H.S.; Henk Sillevis Smitt, J.; Nauta, A.J.; Knippels, L.M.; Ben Amor, K,;
Sprikkelman, A.B. Synbiotics prevent asthma-like symptoms in infants with atopic dermatitis. Allergy 2011, 66, 170-177.
[CrossRef]

Cabana, M.D.; McKean, M.; Caughey, A.B.; Fong, L.; Lynch, S.; Wong, A.; Leong, R.; Boushey, H.A; Hilton, ].F. Early probiotic
supplementation for eczema and asthma prevention: A randomized controlled trial. Pediatrics 2017, 140. [CrossRef]
Hassanzad, M.; Mostashari, K.M.; Ghaffaripour, H.; Emami, H.; Limouei, S.R.; Velayati, A.A. Synbiotics and treatment of asthma:
A Double-blinded, randomized, placebo-controlled clinical trial. Galen Med. ]. 2019, 8. [CrossRef]

Dehnavi, S.; Azad, EJ.; Hoseini, R.F.; Moazzen, N.; Tavakkol-Afshari, J.; Nikpoor, A.R.; Salmani, A.A.; Ahanchian, H.; Moham-
madi, M. A significant decrease in the gene expression of interleukin-17 following the administration of synbiotic in patients with
allergic rhinitis who underwent immunotherapy: A placebo-controlled clinical trial. J. Res. Med. Sci. 2019, 24, 51. [CrossRef]
Tanabe, S. The effect of probiotics and gut microbiota on Th17 cells. Int. Rev. Immunol. 2013, 32, 511-525. [CrossRef] [PubMed]
Huang, Y.J.; Marsland, B.].; Bunyavanich, S.; O'Mahony, L.; Leung, D.Y.; Muraro, A.; Fleisher, T.A. The microbiome in allergic
disease: Current understanding and future opportunities-2017 PRACTALL document of the American Academy of Allergy,
Asthma and Immunology and the European Academy of Allergy and Clinical Immunology. J. Allergy Clin. Immunol. 2017, 139,
1099-1110. [CrossRef] [PubMed]


http://doi.org/10.1097/WOX.0b013e3181f234d4
http://www.ncbi.nlm.nih.gov/pubmed/23282801
http://doi.org/10.2500/ajra.2015.29.4257
http://doi.org/10.2500/ajra.2016.30.4354
http://www.ncbi.nlm.nih.gov/pubmed/27442711
http://doi.org/10.12669/pjms.35.6.744
http://www.ncbi.nlm.nih.gov/pubmed/31777489
http://doi.org/10.1002/alr.22438
http://www.ncbi.nlm.nih.gov/pubmed/31623025
http://doi.org/10.2217/imt-2019-0119
http://www.ncbi.nlm.nih.gov/pubmed/31478418
http://doi.org/10.1111/all.13250
http://doi.org/10.1038/nrgastro.2017.75
http://doi.org/10.1016/j.earlhumdev.2015.09.001
http://doi.org/10.1111/all.12650
http://www.ncbi.nlm.nih.gov/pubmed/25966668
http://doi.org/10.1016/j.jaci.2020.06.027
http://www.ncbi.nlm.nih.gov/pubmed/32650022
http://doi.org/10.1186/s40413-016-0102-7
http://www.ncbi.nlm.nih.gov/pubmed/26962387
http://doi.org/10.1111/pai.13276
http://www.ncbi.nlm.nih.gov/pubmed/32426882
http://doi.org/10.1136/bmj.f6471
http://www.ncbi.nlm.nih.gov/pubmed/24304677
http://doi.org/10.1111/j.1398-9995.2010.02416.x
http://doi.org/10.1542/peds.2016-3000
http://doi.org/10.31661/gmj.v8i0.1350
http://doi.org/10.4103/jrms.JRMS_543_18
http://doi.org/10.3109/08830185.2013.839665
http://www.ncbi.nlm.nih.gov/pubmed/24094077
http://doi.org/10.1016/j.jaci.2017.02.007
http://www.ncbi.nlm.nih.gov/pubmed/28257972

	Introduction 
	Prevalence of Asthma and Allergic Rhinitis 
	Pathophysiology Asthma and Allergic rhinitis 
	Definitions Pro-, Pre- and Synbiotics 
	Rationale for Using Pro-, Pre- and Synbiotics in Atopic Diseases 

	Materials and Methods 
	Results 
	Probiotics for Prevention of Asthma 
	Animal Studies 
	Human Studies 

	Probiotics for the Treatment of Asthma 
	Probiotics for Prevention of Allergic Rhinitis 
	Probiotics for Treatment of Allergic Rhinitis 
	Prebiotics for Prevention/Treatment of Asthma or Allergic Rhinitis 
	Synbiotics for Prevention/Treatment of Asthma or Allergic Rhinitis 
	Asthma 
	Allergic Rhinitis 


	Conclusions 
	References

