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Abstract

Role and Use of Probiotics in Allergic Diseases: Review of
the Literature

Oner Ozdemir

The prevalence of allergic diseases including atopic dermatitis has increased over the last few decades. Atopic dermatitis is a widespread allergic disease
and the first step of allergic march, for which there is presently no known treatment. Under the recent literature data, use of probiotics in early life begin-
ning from pregnancy is thought to be an effective method and appears to be a hopeful tactic for prevention, but very little is known about its long-term
preventive effect. Here, our aim is to give an outline of the results from these prevention/treatment studies and to discuss current approaches. Probiotics
are universally described as “live microorganisms that, when administered in adequate amounts, confer a health benefit on the host” by the World
Health Organization. In most studies, single strains or a mixture of strains of lactic acid bacteria and bifidobacteria was used prenatally, postnatally, or
perinatally. Several meta-analyses have shown a moderate benefit of probiotics for eczema prevention, and the most reliable effect has been observed
with a combined perinatal (prenatally + postnatally) administration in infants at high risk of allergic disease by heredity. In addition, use of multi-strain
(mixture of different bacterial species or of Lactobacillus species) probiotics appeared to be most effective for eczema prevention. Probiotics also could
be an option in eczema therapy, especially for moderate to severe eczema in children and adults. No preventive and therapeutic effect has been shown
for other allergic disorders. To date, expert bodies do not generally propose probiotics for allergy prevention, although the World Allergy Organization
suggests considering using probiotics in pregnant women, during breastfeeding, and/or to the infant if at high risk of developing allergic disease.
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Introduction

The research on probiotics, which have been called beneficial microbes since the beginning of the
twentieth century, has been increasing on a daily basis, and there are approximately 2,500 articles
per year related to allergy only in PubMed. The research on the effects of metabiotics, which are
the metabolic residuum of probiotics in the body, has been started to be published (1). Probiot-
ics were pre-designed for the use in different diseases according to the body needs/diseases, and
designer probiotics were started to be applied (2).

First of all, we will define probiotics in this review. Then, we will briefly discuss their mechanisms
of action in the human body. Their roles in the prevention and treatment of allergic diseases will
be discussed in a literature review beginning with atopic dermatitis (AD). Their roles in allergic
rhinitis and asthma will be explained in the light of randomized controlled trials (RCTs) and then
in the light of meta-analyses and the opinions in guides.

Definition of Probiotics

They are viable microorganisms that can change the microflora of the host and can potentially
show health benefits when taken orally (3). The three known characteristics of probiotics are
that they are human derived, resistant to different factors in the intestinal system, and are ben-
eficial for the host. For centuries, they have been taken into the body through fermented milk
(Streptococcus thermophilus and Lactobacillus bulgaricus) (4). Today, the probiotic content is not
sufficient, especially in commercial yogurt. The most commonly used and best-known probiotic
bacteria are Lactobacillus and Bifidobacteria, which are lactic acid bacteria (LAB). Non-LAB species
are the bacteria such as £ Coli and Bacillus, and fungi such as Saccharomyces (5).
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the efficacy of probiotics on allergic diseases was demonstrated in
preliminary studies, suggested that they could be effective in these
diseases and could be used for this purpose (7).

Systemic Effect Mechanisms of Probiotics in Allergies

In addition to the formation of the intestinal barrier locally, they
lead to antimicrobial activity, anti-inflammatory effect, and im-
munomodulation. Systemic chronic (low-grade) inflammation also
occurs as the result of immunomodulation. They provide this ef-
fect by enhancing the production of Th1 pathway and T regula-
tor (Treg) cells, and by inhibiting the Th2 and Th17 pathways. The
development of tolerogenic dendritic cells and the stimulation of
Toll-like receptors (TLR) -2/-9 are important effects (7, 8).

New findings are being added to the systemic action mechanisms
of probiotics every day. It has been shown in a study that it can
suppress the production of histamine signaling with LAB (9). Even
the modification of genetic susceptibility in childhood eczema has
been shown to be achieved with one of two different types of pro-
biotics (10).

The Mechanism of Probiotic Effects on Eczema

There isan immunomodulatory effect on the immune system cells
in the skin. Competing with harmful skin microflora (Staphylococ-
cus aureus, Herpes, fungi, etc.) and the ability to function as a pro-
tective sheath (barrier function) against harmful environmental
factors are provided with a decreased skin pH and with the release
of beneficial metabolites (11). They also have the capacity to act as
anti-oxidants. All Lactobacilli, except for Lactobacillus delbrueckil,
exhibit antimicrobial activity along with the organic acid produc-
tion against skin pathogens. At the same time, most of them inhib-
it biofilm formation, but only the probiotic called as Propioniferax
innocua can break down the mature biofilm (12). These properties
are important for the effectiveness of probiotics in the prevention
and treatment, since eczema is a hereditary skin disease.

The Importance of Eczema in Allergic Disease
Development

The overall prevalence of allergic diseases in the world is 20% on
average. The prevalence of AD in developed northern European
countries and the United States is also approximately 20% (13). Be-
cause AD and childhood eczema are the first signs (the first step
of atopic/allergic walking (march) of the susceptibility to allergic
diseases, it is the best way to study on eczema if probiotics should
be evaluated for the prevention and treatment of allergic diseases.
Therefore, the first studies in the literature were carried out by
researchers on this disease (14).

The role of probiotics in the prevention of eczema

Studies conducted on eczema in the literature were started by Ma-
jamaa and lIsolauri (14) right before 2000s. Because the methods
used in the studies that were performed for the last 20 years were
not standardized, probiotics were sometimes given to the mother
in the prenatal period (pregnancy) or to the mother in the postna-
tal period if they were breastfeeding, or to the baby if the mother
was not breastfeeding, or to the mother and/or baby in both the
prenatal and postnatal periods (15-17).

One of the first important studies is the RCT that was reported in
2001 by Kalliomaki et al. (18) Lactobacillus rhamnosus GG (LGG)
was given to 145 Finnish pregnant and breastfeeding mothers, or
to the child if not breastfed, to examine the incidence of atopic
eczema for up to 2 years, and it was demonstrated that the de-
velopment of eczema decreased in risky infants by half (from 46%
to 23%). The same group of authors continued to follow-up the
patients and showed that the probiotic effect lasted up to 4 years.
At 4 years of age, eczema developed in 14 out of 53 (RR: 0.57) of
those who had atopic eczema and continued to receive LGG, and
in 25 out of 54 of Finnish children receiving placebo (19). However,
in the study conducted in German children by Kopp et al. in 2008
with the same method and the same probiotic LGG, there was no
difference in the AD frequency at 2 years of age. In comparison
to the control group, there was no difference in terms of clini-
cal or immunological effects (20). In another study conducted by
Huurre et al. in Finnish individuals, a different probiotic mixture
(LGG+ Bifidobacterium) with the same method (pre- and postnatal)
was used, and no effect was observed in those who participated in
the study conducted at 1 year of age (21). These studies indicate
that the same probiotics cause different effects or are ineffective in
the same race and that different probiotics do not lead to the same
outcome in the same race.

The importance of the time to give probiotics:
Prenatal or postnatal?

The data related to prenatal and postnatal administration and
their results are summarized in Table 1 and discussed in the fol-
lowing section.

Only prenatal probiotic supplement

Although the use of prenatal/antenatal (during pregnancy) pro-
biotics was applied frequently, it was abandoned because of the
lack of efficacy in postnatal studies. The only RCT we found in the
PubMed scan was the one conducted by Boyle et al. (22) In this
study, as of the 36" gestational week, LGG was administered at a
dose of 1.8x10 cfu/day (10) in 250 pregnant women who would de-
liver risky babies. Prenatal probiotic administration did not reduce
the development risk of eczema or IgE-associated eczema (22).

Prenatal and postnatal supplement (prenatal mother
and postnatal breastfeeding mother and/or infant)

A longer duration of direct administration in prenatal mothers
and postnatal breastfeeding mothers or infants was found to be
effective in the prevention of atopic (IgE-associated eczema) and
nonatopic eczema in at least six out of nine RCTs. In two RCTs of
Wickens and in three RCTs of Kalliomaki, probiotics were given to
mothers in the prenatal period and to breastfeeding mothers and
infants in the postnatal period. In two studies reported by Rau-
tava et al. in 2002 and 2012, probiotics were given to a prenatal
mother and a postnatal breastfeeding mother. Of the studies in
which probiotics were given to prenatal mothers and infants, two
belong to Allen et al., one belongs to Kuitunen et al., and two be-
long to Kukkonen et al. (15-17). The reason why this administra-
tion method became successful only due to prenatal or postnatal
administration was attributed to the modification of the maternal
vaginal flora and the intestinal flora of the infant with the effect
of probiotics. In addition to the postnatal administration, probi-
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Table 1. The effects of probiotics on disease in terms of the time of administration, according to the sample studies to

prevent atopic dermatitis

Time of Administration Probiotic Types Result Dose Source

Prenatal (to mother) LGG < >109-10 22

Prenatal+Postnatal (to mother) LGG, Bifidobacterium lactis Bb12 < 2109-10 21
LGG, Bifidobacterium Bb-12, Lactobacillus acidophilus La-5 i) 2109-10 36
Lactobacillus rhamnosus LP+ Bifidobacterium longum or bs 2109-10 15-17,73
Lactobacillum paracasei+ Bifidobacterium longum

Prenatal+Postnatal (to mother+infant) LGG ! >109-10 18, 19, 45
Lactobacillus rhamnosus HNOO1, Bifidobacterium
lactis HN0O19 | >109-10 32,33, 46
Lactobacillus reuteri < >109-10 38, 47
LGG, Lactobacillus rhamnosus LC705, Bifidobacterium i) >109-10 41
breve Bb99, Propionibacterium shermanii
LGG < >109-10 20
Bifidobacterium bifidum, Bifidobacterium lactis, i) >109-10 31
Lactobacillus acidophilus

Prenatal+Postnatal (to infant) Bifidobacterium bifidum, Bifidobacterium lactis, Lactococcus lactis |, >109-10 30

Postnatal (to infant) Lactobacillus acidophilus < 1* >109-10 23
Lactobacillus F19 |, <=** >109-10 28,48
Lactobacillus acidophilus <, ¥ >109-10 49
Escherichia coli b, L ¥** >109-10 26

Postnatal (to mother) Lactobacillus casei < >109-10 24

LGG: Lactobacillus rhamnosus GG, <>: ineffectiveness; 1: increase with effect; | : decrease with effect; *: increase in allergic sensitization; **: loss of effect in the long

term, ***: no loss of effect in the long term.

otic supplement to prenatal mothers shows that it can be effective
in preventing allergy development by providing the rapid colo-
nization of the infant’s intestines and by causing changes in the
breast milk content. Systematic reviews and meta-analysis studies
have demonstrated the superiority of this administration method
(15-17).

Only postnatal probiotic supplement (to mother or
infant)

Most studies were performed with postnatal probiotic supple-
mentation, and they were found to be ineffective. In the RCT re-
ported by Taylor et al. in 2007, it was found that probiotic admin-
istration in the first 6 months in a high-risk baby did not reduce
the AD risk, but it increased allergen sensitization (23). There is a
study of Ortiz-Andrellucchi et al. (24) with a postnatal breastfeed-
ing mother. So, far, we have found no studies in which probiot-
ics were administered in both a postnatal breastfeeding mother
and an infant. Studies in which probiotics were given to infants
postnatally were conducted by Hascoet et al. (25), Lodinova et al.
(26), Morisset et al. (27), and West et al. (28). Only in the study by
Lodinova et al. in which they used £.coli as a probiotic, an effect
was seen even in long term (26).

Failure in this way may be attributed to the fact that the intes-
tinal colonization of the baby cannot be affected through the
vaginal flora, and the immune system of an infant between the
first 3 to 6 months does not grow mature enough to be modi-
fied (29).

The role of the probiotic type: Bifidobacteria or
Lactobacilli?

In two studies involving a Bifidobacteria-weighted probiotic mix-
ture, the expected effect was seen in the high-risk group (30, 31).
It was reported in a study that Lactobacillus rhamnosus was more
successful in reducing eczema, and Bifidobacteria species such as
Bifidobacterium animalissubsp. lactis had no effect when used
alone (32). Bifidobacteria have often been used in combination
with other probiotics.

Lactobacillus rhamnosus GG has been found to be effective in pre-
venting the AD development in the long term. Similarly, the effica-
cy of Lactobacillus rhamnosus HNOOT has been shown to prevent
the development of AD up to 6 years of age in children at high
risk. The fact that the same effect was not seen with Bifidobac-
terium lactis HNOT9 suggests that the effect depends on the type
(33). In meta-analysis studies, Lactobacillus-containing probiotics
have been shown to be superior to Bifidobacteria (34). In particu-
lar, when the prenatal and postnatal use of LGG is compared with
placebo versus only prenatal use (risk ratio: 0.88 vs. 0.68), the ef-
fect between 12 and 24 months is very apparent (35).

The role of probiotic mixtures

In a study conducted in Norway, the probiotic mixture (LGG, Lac-
tobacillus acidophilus La-5, and Bifidobacterium animalis) was
given to the mother for 1 month in the prenatal period and to the
breastfeeding mother for 3 months in the postnatal period; it was
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observed that atopic eczema and eczema decreased at 2 years of
age (OR: 0.51) (36).

In the study in which a probiotic mixture (two Lactobacilli, Bifido-
bacteria, and Propionibacterium) was used in a high-risk group,
the incidence of IgE-associated allergic disease was found low in
the subgroup in which only cesarean births were evaluated at the
age of 5 years (37).

In a study conducted by Huurre et al. in Finnish children, pre-/post-
natal LGG and Bifidobacterium probiotic mixtures were used and
evaluated at 1 year of age; however, it was not found effective (21).

It has been shown in meta-analysis studies that probiotic mixtures
containing Lactobacillus are superior to others (16).

The role of eczema type (IgE-associated (atopic)
eczema/non-atopic eczema)

In more than five trials, it was found to be effective in atopic (IgE-
related, especially with nutritional allergy) eczema or atopic ec-
zema/dermatitis (38-42). Although not very clearly, this effect has
been partially shown in meta-analyses (43, 44).

Studies based on a long-term follow-up in terms of
preventing AD

Kalliomaki et al. (45) have shown that its protective effect against
eczema (OR: 0.58) continues in a period ranging from 4 to 7 years
in the group receiving LGG.

Wickens et al. (46) have shown the efficacy of Lactobacillus rham-
nosus HNOOT in the prevention of the AD development by 6 years
of age in high-risk children. The same effect was not seen with
Bifidobacterium lactis HN019, suggesting that the effect depends
on the type of probiotic.

In the study by Abrahamsson et al. (47), Lactobacillus reuteri was
used in children from 232 families with allergic diseases in Sweden
in the last month of pregnancy and within the first year after birth,
and 184 children were able to complete the 7-year follow-up. The
prevalence of AD was not found to be any different in comparison
with the control group (47). Similarly, it was found in a study con-
ducted by West et al. that Lactobacillus paracasei (LF19) did not
have any effect on allergic diseases in Swedish children who were
followed up until 8 to 9 years of age (48).

There are studies investigating the long-term effects of probiot-
ics. It was seen that there was no probiotic effect in the evalua-
tions made after 1-year follow-up of Taylor et al. (23) and 2.5-year
follow-up period of Prescott et al. (49). In the study by Kukkonen et
al., the probiotic was found to be effective for 2 years (41). In the
study by Kuitunen et al., it was found to be effective only in those
who were born by cesarean section after the follow-up for 5 years
(37). In the study by Lin and Loo et al., the probiotic given within
the first postnatal 6 months was not found to be effective in the
5th year in a risky Asian infant (50, 51). Simpson et al. (52) reported
that the probiotics given in the perinatal (maternal) period were
effective for 6 years. The probiotic £ Coli that was given in the
postnatal period was found to be effective even when examined
10 and 20 years later (53).

According to the meta-analysis by Zuccotti et al., the effects of pro-
biotics are more apparent in the first 2 years of age, and this effect
decreases over time in older ages (16).

The Role of Probiotics in the Treatment of Eczema

According to the data in the literature, it has been reported
that the effect of a probiotic supplement generally leads to a
decrease in the eczema scoring SCORAD and in the symptoms of
the patients, as well as an increase in the quality of life. In most
studies, a decrease in SCORAD and an increase in the quality
of life have been shown to continue for 4 weeks after probiotic
discontinuation (54). In some studies, topical probiotic applica-
tion as a gel complex containing Lactobacillus salivarius LS01 at
high concentration has also been shown to benefit AD patients
(55).

Probiotics leading to significant improvement
Lactobacillus acidophilus 1-92 has been found to be effective in a
large number of studies investigating its role in treatment (56, 57).

Probiotics leading to partial improvement
In studies using probiotics such as Lactobacillus plantarum CJLP133
and Lactobacillus salivarius, a partial improvement in SCORAD and
in the quality of life has been reported (58).

Probiotics that are ineffective

Probiotics containing Lactobacillus paracasei or Bifidobacterium
Jactis have been found to be ineffective in the studies conducted
by Gore et al. (59) and several other authors, and in the reviews
reported by Torley et al. (60).

A meta-analysis related to the treatment was published by Kim et
al. It has been emphasized that it may be useful in the treatment
of moderate-severe eczema in children and adults (61).

Compilations/Meta-analyses Discussing the Role of
Probiotics in the Prevention/Treatment of Eczema

In their meta-analyses, Van der Aa et al. (62) have reached the
conclusion that probiotics are not involved in the prevention/treat-
ment of AD in children. As Eigenmann et al. (63) concluded, it was
found that the efficacy generally occurred with the continuation of
the combined use of probiotics in early infancy, which was started
during pregnancy. As Kuitunen et al. (64) and the others noted, the
most obvious effect was found specific to Lactobacillus rhamno-
sus supplementation in mothers during the prenatal period and
directly in babies during the postnatal period (65). It is reported in
the meta-analysis by Lee et al. (66) that it is effective in the preven-
tion rather than in the treatment, and also it is reported in Baquer-
izo et al. (67) that it can also reduce the incidence of eczema (66,
67). In conclusion, in reviews and meta-analyses investigating the
role of probiotics in the prevention and treatment of AD, it has
been shown that probiotics are more effective in the prevention
than in the treatment and can reduce the incidence of eczema.

In the Cochrane meta-analysis that was reported in 2007, a to-
tal of 1477 infants were evaluated in five out of 12 RCTs through
meta-analysis. It was found that eczema decreased (RR: 0.82) and
Lactobacillus rhamnosus was beneficial in the high-risk group (68).
In the Cochrane meta-analysis that was reported in 2008, probiot-
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Table 2. Probiotics used in allergic diseases and their usage patterns

Disease Probiotics Timing
Atopic Dermatitis
Prevention LGG Prenatal+Postnatal

Treatment LGG Childhood
Nutritional Allergy
Prenatal+Postnatal

Prevention Various

Treatment LGG Infancy

Allergic Rhinitis

Prevention Various Prenatal+Postnatal

Treatment Bifidobacterium Early childhood
Asthma

Prevention Various Prenatal+Postnatal

Treatment Lactobacillus Game child

Dose Result Reference
>109-10 | 18-20, 45
>109-10 | 61
>109-10 R 68, 72,78
>109-10 | 14,74,75
>109-10 < 18-20, 45
>109-10 ) 79, 80
>109-10 s 18-20, 45
>109-10 R 83, 84

LGG: Lactobacillus rhamnosus GG; <>: ineffectiveness; 1: increase with effect; | : decrease with effect.

ics were not proven to be effective in the eczema treatment (69).
In the Cochrane meta-analysis that was reported in 2009, RR was
found as 0.82 for eczema, and as 0.80 for atopic eczema (70). Al-
though it is mentioned in the Cochrane meta-analyses that probi-
otics have a positive effect, it has been emphasized that a definite
conclusion cannot be reached in this respect.

As in the World Allergy Organization (WAQ) guideline that was re-
ported in 2012 and that investigated the clinical use of probiotics
in childhood allergy, it was specified that they have no effect in
the prevention and treatment in some international guidelines
(WAO and European Association of Allergies and Clinical Immu-
nology (EAACI)) (71). It is also mentioned in the 2014 guidelines
by the EAACI that they have no effect in the prevention (72). In
a 2015 WAO guidelines for the prevention of allergic diseases
(WAO-GLAD-P), it was emphasized that probiotics could be used
in pregnancy, in the mother and child if the risk of disease de-
velopment is high (73).

The Use of Probiotics in Other Allergic Diseases

Here, nutrient allergies, allergic rhinitis, asthma, and the effects on
refractory chronic urticaria will be discussed (Table 2).

Nutritional Allergy

Studies on the prevention and treatment of food allergy are not
as common and numerous as those on AD. It was seen in the first
publications that SCORAD decreased with the probiotic effect in
eczematous patients with cow's milk allergy (14, 39, 42). In patients
with cows milk allergy, probiotic (LGG) supplements, as in baby
food, have been shown to cause a tolerance induction in these
patients (14, 74). In a study conducted by Tang et al. (75), it was
demonstrated that the probiotic that was added to oral immuno-
therapy (PPOIT study) in patients with peanut allergy was useful in
the development of tolerance.

In some meta-analyses of the studies on food allergy, it was shown
that food tolerance, sensitization, and SCORAD were not affected
(76). In the meta-analysis of the studies on nutritional allergy,

Zhang has shown that the prenatal (mother) and postnatal (infant)
probiotics reduce the risk of atopy and food hypersensitivity (RR:
0.78 and 0.77, respectively) (77).

In a Cochrane meta-analysis in 2007, it was noted that probiotics
have no protective effect on food allergies (68). In the evaluation
by Kong et al., prenatal and postnatal probiotic supplements were
found to have a protective effect on food allergies (RR: 0.88) (78).
In the 2014 guidelines by EAACI, it is mentioned that probiotics do
not have any effects on food allergy (72).

The Role of Probiotics on Allergic Rhinitis

Seasonal and perennial allergic rhinitis

In addition to those who state that probiotics are ineffective
in the treatment of seasonal and persistent allergic rhinitis,
there are also researchers who state that probiotics are effec-
tive. Lactobacillus species (L. casei, L. acidophilus strain1-92, L.
paracasei-33)were found to be useful before and after the sea-
son (79, 80). In a study with probiotic-impregnated bed quilt/
pillow cases, an improvement was found in the symptoms of
the patients with allergic rhinitis, and the quality of life in-
creased (81).

Allergic rhinitis: Meta-analysis

In 2015, an evaluation was made of 23 studies, and 1919 patients
in the compilation of Zajac et al. (82), which included one of the
few meta-analyses about allergic rhinitis. Despite the improve-
ment in the symptoms and the quality of life of patients with al-
lergic rhinitis, the available data are limited, and more qualified
studies are needed.

The Role of Probiotics in Asthma

Prevention of asthma development

It was shown in some studies that probiotics do not have any ef-
fects (20, 23, 38). Similarly, Kalliomaki et al. (45) and Kuitunen et
al. (37, 64) found that they were not effective over the age group of
5-8 years. On the contrary, Johansson and Van der Aa et al. (62, 70)
showed that they were effective at 5 years of age.
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Asthma treatment
In addition to those who report that probiotics are ineffective in
the treatment of asthma, some say they are effective (83, 84).

Allergic Airway (Allergic Rhinitis and Asthma) Disease

Studies on asthma and allergic rhinitis are very limited in the litera-
ture, and some of them examined allergic airway disease (allergic
rhinitis+asthma), and results were tried to be achieved. The RCT,
compilation, and meta-analyses will be respectively presented below.

Studies for Prevention

A 7-year follow-up revealed no effect of probiotics on respiratory
allergy and allergic airway disease (AR and asthma) (85). Probiotics
containing LGG were found to have no effect on airway symptoms
at the age of 4 years (86).

Compilations of studies on the treatment of allergic airway disease
Although an increase in the quality of life was reported in the eval-
uations made with the compilations, it was seen that laboratory
parameters were not affected (87).

If we summarize these studies, (a) probiotics were used in differ-
ent strains, doses, and durations. A minimal dose was >5x109 cfu/
day, and a minimal duration of use was 1 month. b) Lactobacillus
(acidophilus, rhamnosus, casel) strains were used in asthmatic pa-
tients, and Bifidobacterium (longum) along with them was used in
allergic rhinitis. ¢) Its benefit is more apparent in allergic rhinitis
than in asthma, but it may be due to the dose of Lactobacillus.

Meta-analyses of the studies conducted on allergic airway disease
In the meta-analyses by Vliagoftis et al. (88), in nine out of 12 RCTs,
the symptom score and drug use decreased in perennial allergic
rhinitis. There was no effect on asthma (88). In the meta-analysis in
which Das et al. evaluated 12 studies, despite the fact that probiot-
ics significantly increased the quality of life in allergic rhinitis, they
were not found to be beneficial in asthma. However, probiotics
were found effective in reducing the attacks of asthma and allergic
rhinitis (87). In a compilation by Zajak et al. (82), it was reported
that probiotics could be useful in alleviating symptoms of allergic
airway disease and improving the quality of life. Although they
had no effect in the prevention of allergic rhinitis according to the
meta-analysis of Peng et al. (89), it was stated that they provided
an improvement in the quality of life and nasal symptom scores.

In general, probiotics have been shown to be effective in the
treatment of allergic rhinitis, but ineffective in prevention. It is
accepted that they do not have any effects in the prevention and
treatment of asthma.

Refractory Chronic Spontaneous Urticaria
In a study that Nettis et al. (90) conducted on 52 patients (aged 19-
72), it was found that probiotics could be beneficial in some patients.

Causes of Conflicting Results in Probiotic Studies

Methodological reasons leading to conflicting results in similar
studies with probiotics can be summarized as follows (4, 5, 7,
8): i) the difference in the race and the family of the host that
participated in the study, ii) the selection of participants using a
non-selected cohort against those with high risk, iii) the allergic
condition of the host (the severity of eczema, the presence of
other sensitivities, etc.), iv) the intervention time to the host with

probiotic (pre- or postnatal), v) the length of the intervention, vi)
the selection of optimal bacterial strain (the selection of country-
specific strains (91)), vii) the dose of probiotics, viii) the way and
means of the administration of probiotics, ix) whether or not there
is any accompanying use of prebiotics, x) hygienic conditions of
the working environment, and xi) the use of the data repository for
the evaluation of different study outcomes (35, 92).

Conclusion

If a probiotic is to be used to prevent AD in particular, it should
be applied in the prenatal period (to the pregnant woman) and
then in the postnatal period (to the breastfeeding mother, and to
baby if not being breastfed). At the same time, this is the easiest
application. Only prenatal or postnatal use was found to be unsuc-
cessful in comparison to the combined use in both periods (22, 64,
93). When given to mother, the intestinal microflora modification
occurs in the infant who is born through the vaginal flora. In ad-
dition to probiotics, immunoregulatory factors such as TGF-# and
IgA in the mother’s milk pass to the baby through breastfeeding
(94). In this way, probiotics may be effective in the prevention of
eczema, but they have no effect in the prevention of other aller-
gic diseases. It is known that the duration of prevention may last
for 7-10 years, but it is not known to what extent it affects the
incidence of the disease for the entire lifetime (45-53). Even if pro-
biotics are not useful in the prevention, they may be useful in the
treatment of eczema and respiratory allergic diseases (95).

Side Effects and Situations that Require Caution

Lactobacilli, lactococci, bifidobacterial, and fungi are “generally
recognized as safe: GRS* by the WHO (4, 5, 7). However, bactere-
mia and sepsis have been reported after the use of probiotics in
the gastrointestinal (short bowel, etc.) and immunocompromized
patients (96). No sepsis has been reported with Bifidobacteria.
Fungemia was seen with S.boulardii in catheter/nasogastric tube
users (97). Endocarditis and liver abscess have been reported in
Lactobacilli users (98). Intestinal ischemia, the GIS side effects such

Table 3. Considerations for the use of probiotics that are
generally recognized as safe

Situation Source
Premature baby 96
Person with immunodeficiency or immunosuppression 96
Sepsis development 96
Fungemia development 97
Endocarditis development 98
Liver abscess development 98
Risk of autoimmune disease 23,103
Risk of allergic disease 23,103
Containing a protein from cow's milk and eggs 102
Increasing antibiotic resistance 104
Decreasing the response to vaccination 105
Risk of contamination 107
Preparation with low dose and quality 107
D-lactic acidosis 99



as diarrhea (heat-inactivated LGG supplementation), D-lactic aci-
dosis, eosinophilic syndrome (vasculitis+mononeuritis multiplex),
and cholecystitis with Lactobacillus fermentum have been report-
ed (69, 99-101).

Caution is required when used in premature infants, and in pa-
tients with immunodeficiency, immunocompromized, and auto-
immune diseases (4, 5, 7) (Table 3). Care should be paid in per-
sons with an allergy to cow's milk and eggs due to the content of
probiotic preparations (102). The risks of autoimmune disease or
the risk of increasing the incidence of allergic diseases such as in
asthma (sensitization, recurrent wheezing), as shown in some stud-
ies, should also be kept in mind (23, 103). It is also mentioned that
it can reduce the antibiotic resistance (tetracycline, etc.) with gene
transfer to other microorganisms in the environment (104). When
used with vaccination at the same time, a decrease in vaccine re-
sponse was detected (105).

Even baby food sold commercially on the market contains three
types of probiotics (Bifidobacterium lactis, Bifidobacterium infan-
tis, and LGG) and/or prebiotics. In 2011, ESPGHAN did not suggest
the routine use of baby food containing probiotics and/or prebiot-
ics, but it found it safe in terms of side effects and growth (106).
Products sold commercially such as some commercial vitamin
supplements, yogurt, which is sold as a food along with oral rehy-
dration liquid, and kefir contain probiotics. It is a matter of debate
how much of the content of these food products contains the nec-
essary dose and the appropriate probiotics. In studies conducted
by ESPGHAN concerning the content of commercial preparations
on the market, it was revealed that the strains that were men-
tioned could not be found in the content, and some preparations
were even contaminated with other microorganisms (107).

Near-Future Expectations

It is unclear whether the inhibitory/preventive effect on allergic dis-
eases is a fact or not and whether it reduces the true incidence of
allergic disease. It has not yet been elucidated how long it takes to
prevent the development of allergic diseases in the long term. In
our opinion, it seems to delay the onset of allergic diseases (4, 5, 7).

Nowadays, probiotics are designed according to the function to be
executed before being administered to the body (designer probiot-
ics). When given to the body, they can serve as vectors that provide
the mucosal access of therapeutic protein and DNA vaccines. For
example, they deliver recombinant Lactococcus DNA to eukary-
otic cells. Lactobacillus lactis delivers the plasmid to the epithelial
membrane cells (108). The combination of LAB used as an adjuvant
or Clostridium butyricum with the major birch pollen allergen (Bet
v 1) has been used successfully in the immunotherapy of pollen or
in the immunotherapy against mites (109, 110, 111). Recombinant
LAB containing Lactococci and Lactobacilli could be produced as
strains of probiotic bacteria (IL-10 releasing Lactobacillus lactis)
expressing the Th1 cytokine (IL-10/-12) (112). Similarly, produced
probiotic bacteria expressing food antigen (B-lactoglobulin (milk)
and ovalbumin (egg)) were started to be tried against foods in im-
munotherapy (113, 114).
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