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Abstract

The increased prevalence of atopic/autoimmune diseases is nowadays defined as an endemi
that children with allergic/autoimmune disease have a different intestinal flora from hea
intestinal microflora composition by probiotics offers the possibility to influence the d
And probiotics have been reported as capable preventive and therapeutic strategy i
summarize/evaluate the available knowledge of probiotic use from rando
from reviews and meta-analyses. Those clinical trials involving studies of ato oi
receiving the probiotic agent benefited. But subsets of these patients, s
colitis, seemed to have benefited the most. There is inadequate but quj isi
addition of probiotics to foods. Nonetheless, probiotics still cann

allergic/autoimmune diseases.
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romptly after birth is
ing strategies, and the
hygienic conditions aroun pld (the early environment).
The colonizing bacteria origi mainly from the mother’s gut
and vaginal tract.' Mode of delivery, either vaginal or through
cesarean section, also has a major impact on early colonization
patterns of the infant gut. For instance, children born by cesar-
ean section are colonized with Bifidobacteria and Lactobacilli
later than vaginally delivered children, and are shown to have
more frequent respiratory allergies.” After delivery, breast-
feeding continues to enhance the original inoculum by the
introduction of specific lactic acid bacteria, Bifidobacteria and
bacteria from the mother’s skin, all of which enable the infant
gut microbiota that is dominated by Bifidobacteria. Breast milk
also contains plentiful indigestible oligosaccharides, which
pass through the whole intestine and promote the growth
and activity of commensal bacteria; composed mainly of
Bifidobacteria.’ The greatest differences between breast-fed

The gastrointestinal tract of the newb
after birth, however, it is colonjzed b
ganisms. The newborn is fj i
The colonization of the

=

demiologic data showed
. Therefore, regulation of
Of autoimmune/atopic diseases.
utoimmune diseases. The aim is to
ized controlled clinical trials, apart
ne disease indicated that not all patients
ith IgE-associated eczema and ulcerative
evidence in the literature to recommend the
ally recommended for prevention/treatment of

s, asthma, IgE, ulcerative colitis, gastrointestinal microflora,

and formula-fed infants appear to be in lactic acid bacteria and
Bifidobacteria colonization. Usually, Bifidobacteria appear
after birth and, within a week, are reported as the dominant bac-
terial group, with Bifidobacterium infantis/longum/breve being
the most common species in breast-fed infants.* In addition,
Lactobacillus acidophilus is the most common Lactobacillus
in the feces of breast-fed infants. Formula-fed infants, on the
other hand, tend to have a flora that is more complex, consist-
ing mostly of Coliforms and Bacteroides, with significantly
lower the prevalence of Bifidobacteria.” After weaning, the
microflora of children begins to resemble that of adults, with
increased Bacteroides, Veillonella, and Fusobacterium.® These
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bacteria set the basis for gut microbiota development and mod-
ulation, along with environmental exposures such as antibiotic
administration.

Colonization is complete after approximately 1 week, but
the numbers and species of intestinal bacteria fluctuate mark-
edly during the first several months of life. The composition
of the gut microbiota differs between healthy and allergic
infants and even in countries with a high and low prevalence
of allergies. In the case of allergy, the rationale for modulating
the intestinal microbiota is supported by observations that aller-
gic children have a different microbiota composition than
healthy infants. The main changes associated with allergic trait
are less frequent colonization with Lactobacilli and lower
counts of Bifidobacteria.” Furthermore, other studies have also
shown that early colonization with potentially more pathogenic
bacteria such as Clostridium difficile and Staphylococcus
aureus is more likely to occur in children who go on to develop
allergy. In addition to these quantitative differences in the
Bifidobacterium microbiota, qualitative differences have also
been observed. Infants with atopic disease have been found
to have a more adult type Bifidobacterium microbiota with
high prevalence of Bifidobacterium adolescentis. Healthy
infants, on the other hand, were found to be colonized mainly
by Bifidobacterium bifidum, typical for breast-fed infants.>®
The Bifidobacteria from infants with atopic disecase were
found to induce a higher secretion of proinflammatory cyto-
kines in vitro, whereas the Bifidobacteria from healthy infant
induced the secretion of more anti-inflammatory cytoki
Also, Bifidobacteria of dairy origin stimulated mor
inflammatory and less inflammatory cytokines tha
bacteria from allergic infants. In addition to diffe
induction of cytokines, Bifidobacteria fi
healthy infants also exhibited different in
Caco-2 tissue culture cells and intestina
ence in adhesion to the intestinal mu
ferent or reduced stimulation of the
the gut-associated lymphoj
bacteria have been rep
dren preceding alle

esult in a dif-
stem through
ounts of Bifido-
ersus nonatopic chil-
n. Bifidobacteria are
hypothesized to more eff romote tolerance to non-
bacterial antigens, primaril inhibiting the development
of a Th2-type (proallergic) response. In a recent study, a pos-
itive change in stool colonization in atopic infants supplemen-
ted with Bifidobacterium lactis has been shown with a
decrease of Bacteroides and Escherichia coli in the stool. Most
interestingly, serum IgE correlated with Escherichia coli counts,
and in highly sensitized infants, IgE correlated with Bacteroides
counts.” Thus, certain probiotics seem to influence the gut’s
allergen-stimulated inflammatory response and provide a barrier
effect against antigens that might otherwise ultimately lead to
systemic allergic symptoms (such as eczema). The enhanced
presence of these probiotic bacteria in the intestinal microbiota
seems to correlate with protection against atopy.”'® Based on
these data, “harmless” microbial agents that are probiotics have
been presently tested for their efficacy in the prevention and
therapy of allergy in infants.''""

The new version of “hygiene hypothesis” proposes that
reduced exposure to environmental and/or enteric stimuli,
including microbes, underlies the rising incidence of childhood
atopic as well as autoimmune diseases. This hypothesis is sup-
ported by data that highlight the importance of infant exposure
to environmental microbes for appropriate development of the
immune system.'* This might explain the observation that
administration of microbes or their components inhibits auto-
immune diseases in animals such as insulin-dependent diabetes
mellitus or autoimmune type 1 diabetes mellitus.'>'® Recent
studies, however, have revealed that exposure of genetically
diabetes-susceptible animals to certain microbes or microbial
agents at an early age prevent the induction and progression
of disease. This suggests that microbes may act to modulate the
immunological status or i repertoire of an individual
genetically programmed for iabetes mellitus away from
an autoimmune respons ation with microbial
agents at an early age may portant new direction for
the immunotherapy, iabetes.'”'® The protective

effect of a probiotj cterial extract was reported on the
onset of dj se diabetic mice.'” These findings
raise the using live, nonpathogenic microbes

icrobial components to modulate or “reed-
system.

ntestinal flora contributes to microbial antigen
arly life and is one of the most abundant sources
mune stimulation. Because allergic and autoimmune
ses manifest early in life, there has been obvious interest
e potential benefits of modifying the gastrointestinal flora
y using probiotic supplementation. So far, there have been
only several studies to address the role of probiotics in primary
prevention/therapy, with a reported suspicious reduction in the
incidence of atopic and autoimmune diseases. The role of
probiotics in the prevention of allergy and autoimmunity devel-
opment has still remained controversial,'* and there has been
an urgent call for similar studies to address this further. In this
review article, we will try to highlight the issues with probiotics
in the therapy/prevention of atopy /autoimmunity and future of
this therapy. First, the ethiopathogenesis of allergic/autoim-
mune disease and then its relation to gut and environmental
microbiota (hygiene) are considered before discussing the
mechanisms of probiotic effect and the beneficial effects that
they may confer to individuals with allergic/autoimmune
disease. Lastly, under the light of recent literature probiotic use
in the therapy and prevention of atopic as well as autoimmune
diseases is being discussed in detail.

Ethiopathogenesis of Allergic and Autoimmune Disease

Development of the child’s immune system tends to be directed
toward a T-helper 2 (Th2) phenotype in infants, whereas post-
natal maturation is associated with gradual inhibition of Th2
and increasing Thl affinity.?’ Thus, immature Th2-dominant
neonatal responses must undergo environment-driven matura-
tion via microbial contact in the early postnatal period to
prevent development of childhood allergic and/or autoimmune
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diseases. Nevertheless, nowadays the increased use of antimi-
crobial medication, the consumption of sterile food, and
reduced family size that result in lower rates of infection during
childhood also reduce early contact to microbes. Among
several other phenomena, the present increase in allergic or
autoimmune diseases seen in the industrialized countries has
been attributed, to a relative lack of microbial stimulation of the
infantile gut immune system and the exaggerated hygiene of
the typical Western lifestyle during early childhood. And this
is known as the “hygiene hypothesis.”'*

The other hypotheses in the allergic and autoimmune
disease pathogenesis besides “hygiene—old friends—hypoth-
esis,” such as bystander immunoregulation and regulatory T
cell (Treg) defects are briefly discussed below as well.?!
Because of our long association with environmental organisms
(old friends), they are recognized by the innate immune system
as harmless or, in the case of some helminths, treated as
“friends” because a response would merely lead to immuno-
pathology.'* Therefore, rather than priming aggressive immune
responses, these organisms prime immunoregulation. They do
it by inducing an unusual pattern of maturation of dendritic
cells such that these retain the ability to drive Treg. Toll-like
receptor (TLR)-2 may be involved for helminths and TLR-9 for
lactobacilli. It is interesting that polymorphisms of NOD2 (an
intracellular receptor for bacterial peptidoglycan) are linked
to increased susceptibility to both Crohn’s disease and
asthma.?? Thus, an extension of the “hygiene hypothesis’;
mechanism suggests that in an environment that less actiy
primes Treg activity, immunoregulatory disorders wil
first in those individuals whose innate immune sy
least efficient at driving Treg.

The increased regulatory dendritic cells
by “old friends” then lead to 2 immunoregu
mediated in part by release of interleukin,

uppression.”®  This
a model of colitis.

constant background
mechanism has been
Second, regulatory dendri inevitably sample self and
gut contents and so induce T ecific for the target antigens
of the groups of chronic inflammatory disorder. These mechan-
isms may be aborted when there are legitimate ‘“danger
signals.” For example, Treg function can be turned off by
appropriate “danger signals” in vitro.**

The unifying hypothesis explaining the simultaneous
increase in Th2-mediated allergies and Thl-mediated autoim-
munity is that modern living conditions can lead to defective
maturation of Treg and regulatory antigen presenting cell or
regulatory dendritic cells.”® Therefore, rather than Th1/Th2
balance, the crucial factor is likely to be the effector T cells/
Treg balance. Thus diminished immunoregulation can lead to
inappropriate immune responses to allergens, gut contents, or
self. In the absence of optimal levels of immunoregulation, the
individual may develop a Thl-/Th2-mediated inflammatory
disorder, depending on his or her own particular Th1/Th2 bias,

immunological history, and genetic background. Evidence to
confirm this hypothesis has come from studies of allergic dis-
orders, multiple sclerosis, and autoimmune polyglandular
syndromes.?!

Any Role for Hygiene (Environmentall/intestinal
Microbiota) in Allergic and Autoimmune Disease
Development?

According to the ‘“hygiene—old friends hypothesis,” the
decreasing incidence of infections in developed and developing
countries is at the origin of the increasing incidence of allergic
diseases.'* New practices, intrpduced as a result of industriali-
zation, such as childbirth b ical delivery, ingestion of pas-
teurized food, cleaner home? iminate use of antibiotics,
and so on, have led in recg e replacement of pro-
biotics by other microorgs at are not as well adapted
to the microenviro ¢ human body. The hygiene
hypothesis is b idemiological data, particularly
migration ics that subjects migrating from a low
incidence ct a high-incidence country acquire the
disorders with a high incidence at the first
Y Therefore, it was possible to extend the old
m the field of allergy, where it was formulated, to
immune diseases such as type 1 diabetes or mul-
osis.”> However, some data and others showing a cor-
n between high autoimmune disease incidence and high
oeconomic level do not prove a causal link between infec-
ons and immune disorders. Part of the increased incidence of
these diseases may be somewhat attributed to better diagnosis
or improved access to medical facilities in economically devel-
oped countries. However, this cannot explain the marked
increase in immunological disorder prevalence that has
occurred over such a short period of time in those countries,
particularly for diseases which can be diagnosed easily, such
as type 1 diabetes mellitus or multiple sclerosis. Based on
hygiene hypothesis, the sudden change in human intestinal
microflora may importantly contribute to the rise in the inci-
dence of autoimmune and allergic diseases, observed in the
last half of 20th century. More than 17 bacterial families
encompassing 500 different microbial species can be found
in human adults. These commensal bacteria regulate a myr-
iad of host processes and provide several nutrients to their
host and their symbionts within the microbial community.
In healthy individuals these relationships are thought to
occur in equilibrium. However, disruption of this equilibrium
may contribute to a variety of conditions including autoim-
mune, inflammatory bowel, and atopic disease.?*?” This con-
nection is gaining credibility as associations between gut
microbiota and either the risk for or presence of a variety of
specific human diseases is demonstrated.

The diversity of intestinal bifidobacteria could be a prospec-
tive target for using probiotics in the results management of
immunoglobulin E (IgE)-mediated allergic disorders, including
Japanese cedar pollinosis. Correspondingly; a study by Kubota
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et al®® suggests that lower diversity of intestinal Bifidobacter-

ium species might be a pathological aspect of Japanese cedar
pollinosis. The serum IgE concentration of Japanese cedar pol-
linosis patients with more than 3 detectable Bifidobacterium
species was significantly lower than that of patients with less
than 2 detected species. Another randomized double-blind,
placebo-controlled trial by the same team was conducted
to ascertain the intestinal microbiota-altering properties of
Lactobacillus rhamnosus GG (LGG) and Lactobacillus gasseri
in patients with Japanese cedar pollinosis. Stabilization of
intestinal microbiota by selected probiotic strains such as LGG
and Lactobacillus gasseri could be beneficial to homeostasis of
the intestinal microbiota and useful in the management of Japa-
nese cedar pollinosis.*®

Accordingly, the pathogenesis of autoimmune diseases has
been recently thought to involve an interaction between geneti-
cally determined host susceptibility, the enteric microbiota and
dysregulated immune response. Interactions between the intest-
inal environment, barrier function, and immune system have
been shown to have a major impact in the rate of autoimmunity
development. Disruption of intestinal barrier function and
aberrant mucosal immune activation has been implicated in a
variety of diseases within and outside of the gastrointestinal
tract.*?° The penetration of gut bacterial antigens into
lymphoid tissues is one of the suggested initial factors leading
to a loss of tolerance towards self components in genetically
predisposed individuals. With this model in mind, rece
studies have shown a link between diet, composition of int
inal microbiota, and pathogenesis of autoimmune di
Furthermore, this new paradigm subverts traditiona

process can be arrested if the interplay b
environmental triggers is prevented by re
barrier function.'?

A hypothesis previously ha;
of interacting factors that
environmental storm”
1 diabetes developme

volving a trio
erfect intestinal/
diseases such as type
include (@) an aberrant
intestinal microbiota, (b) a intestinal mucosal barrier,
and (c) an altered intestinal i ne responsiveness.'® In sup-
port of this model, modulation of type 1 diabetes pathogenesis
in animal models has proved successful through early interven-
tion with a variety of dietary alterations. Indeed, the adminis-
tration of a hydrolyzed casein diet or the administration of
antibiotics has strengthened the hypothesis that an aberrant
microbiota could accelerate disease development. More impor-
tant, this is not a phenomenon that occurs only in rodent models
of diabetes, as very recent studies have noted that humans with
a propensity to develop type 1 diabetes as well as other auto-
immune diseases possess an abnormal intestinal barrier; the
so called “leaky gut.”'>>° Together with the gut-associated
lymphoid tissue and the neuroendocrine network, the intest-
inal epithelial barrier, with its intercellular tight junctions,
controls the equilibrium between tolerance and immunity to
nonself-antigens. Other modulators of tight junction proteins

such as certain probiotics may also play a role in modulation
of “intestinal leakiness.”?”-*"!

What Are Probiotics?

Probiotic is derived from the Greek word meaning ‘“support-
ing/favoring life or for life.” The works of Metchnikoff and
Tissier were the first to make scientific suggestions about the
probiotic use of bacteria, even if the word “probiotic” was not
coined until 1960, to name substances produced by microor-
ganisms that promoted the growth of other microorganisms.'?
The year 2012 marks the 105th year since Eli Metchnikoff'!
suggested that the consumption of lactic acid bacteria may
benefit the human host’s immyne system. Although probiotics
are mainly thought to be ted by lactic acid bacteria,
probiotic activity has be to be associated with
Lactobacilli (LGG, gasseri actococci, Bifidobac-
teria (bifidum, longum, in eptococcus (thermophilus,
cremoris, faeciu i Enterococcus  (faecium),
oli (Nissle 1917), Bacillus coagu-
ains (boulardii and cerevisiae).' "'
¢ acid bacteria are members of the
nd Lactococci, which have a long history
acillus acidophilus is the most well-known
e most important probiotics for the health of the

lans, and
The mos
genera
of sa

ics are usually isolated from the commensal micro-
at inhabits the skin and mucosas. And they represent the
ies of viable microorganisms (bacteria or yeasts) that have
clear beneficial effect on the health of the host thru establish-
ing a true symbiotic relationship with humans for the longest
time. Probiotics are first described as selective nonpathogenic
living microorganisms or components of bacteria in food sup-
plements, including some commensal bacterial flora, which
have beneficial effects on host health and disease prevention
and/or treatment.”’*® However, experts have debated how to
define probiotics. One widely used definition, developed by the
World Health Organization (WHO) and the Food and Agricul-
ture Organization of the United Nations, is that probiotics are
“live microorganisms, which, when administered in adequate
amounts, confer a health benefit by producing gut microflora
on the host.” Probiotics are also defined as “mono- or mixed
cultures of live microorganisms which, when applied to animal
or man, beneficially affect the host by improving the properties
of the indigenous microflora.”'? Simply put, probiotics are
ingested live microbes that can modify intestinal microbial
populations in a way that benefits the host.

There are several generally accepted characteristics that
identify probiotic bacteria. Probiotics are microbial organisms
of human origin and having generally regarded as safe status;
remain viable and stable after culture, manipulation, and stor-
age before utilization; survive gastric, biliary, and pancreatic
digestion (acid and bile stability); are able to induce a host
response once they enter the intestinal microbial ecosystem
(adherence to intestinal cells); and yield a functional or clinical
benefit (ability to produce antimicrobial substances and
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antagonize against pathogenic bacteria and/or ability to modu-
late the immune response) to the host when consumed.''-!327-28

The number of commercially available products that are
supplemented with probiotics is rising. Dairy products that con-
tain probiotics are sold in every supermarket and probiotic food
supplements (eg, capsules, tablets, and powders) can be pur-
chased in pharmacies or via the internet. For infants, infant for-
mulas containing probiotics are also currently available. Live
probiotic cultures are available in fermented dairy products and
probiotic fortified foods. Examples of foods containing live
probiotics are yogurt, fermented and unfermented milk, miso,
tempeh, and some juices and soy beverages. However, tablets,
capsules, powders, and sachets containing the bacteria in
freeze-dried form are also available.

Can Probiotics Really Prevent and/or Treat
Any Type of Allergic or Autoimmune
Disease?

The interest in probiotic therapeutic potential in allergic
disorders stemmed from the fact that they have been shown
to improve intestinal permeability and reduce inflammatory
cytokines. Such effects would be desirable in treating allergic
and autoimmune disorders.'%>? Therefore, several studies have
been designed to examine the efficacy of probiotics in many
allergic and autoimmune diseases. Experimental and clinic
trials of probiotic use as capable preventive and therape
strategy in different diseases varying from allergic to a
mune disease have recently reported. More than
mized, double-blind, placebo-controlled human cl
have been conducted so far to study the
probiotics on treatment and prevention of al
diseases. In the first-time study don
Isolauri®® in 1997, the administration o,
patients (age <2 years, challe Q
and mild-to-moderate ecze i
SCORAD score. Later t
first report to describe

aa and

odighly selected
milk allergy,
proved the total
of Kalliomaki was the
of eczema in neonates
treated with LGG was ha f the placebo.** However,
these results recently have be estioned by some other trials,
which reported no difference in the development and therapy of
allergy in neonates supplemented with LGG or other probiotics.
Proof of principle of the hygiene hypothesis is supported by
animal models and to a lesser degree by intervention trials in
humans. The incidence of spontaneous type 1 diabetes is
directly correlated with the sanitary conditions of the animal
facilities, for both the nonobese diabetes mouse and the
bio-breeding diabetes-prone rat: the lower the infectious bur-
den, the higher the disease incidence.'>'"° Diabetes has a
very low incidence and may even be absent in nonobese dia-
betes mice bred in “conventional” facilities, whereas the inci-
dence is close to 100% in female mice bred in specific
pathogen-free  conditions.>>  Furthermore, bio-breeding
diabetes-prone rats subject to cesarean derivation have been
noted to develop accelerated disecase due to lack of

contamination with microbiota in birth canal.*® Taken together,

these data from animal models open new therapeutic perspec-
tives in the prevention of allergic and autoimmune diseases by
using probiotics. Consequently, dietary manipulation for -cell
autoimmunity in infants at increased risk of type 1 diabetes was
performed in a pilot study. This pilot study, called as PRODIA
(probiotics for the prevention of B-cell autoimmunity in chil-
dren at genetic risk of type 1 diabetes), included 200 children
with genetic risk for type 1 diabetes. However, the prevalence
of type 1 diabetes—associated autoantibodies among the study
subjects at 6, 12, and 24 months of age was at levels close to
the expected.'?

As seen above, preventive or therapeutic effect of probiotics
in allergy and autoimmune djsease could not be consistently
established for now. One o Ans of this review is to deline-
ate current knowledge of prob¥ including the key mechan-
isms of probiotic effects a preventative/therapeutic
role in both diseases.

Experim
of Probi C
Disea

Al h
ato

| Studies Showing Mechanisms
in Allergic and Autoimmune

beneficial effects of probiotics on wide variety of
es have been suggested, little is known about how
b1 modulate the immune system, atopic disease, and
munity development. Currently, only limited publica-
s are available defining the effects of probiotics in murine
r human models of atopy and autoimmunity. Therefore, it is
important to explore the effect of probiotics in various experi-
mental and clinical atopic and autoimmune disease models.
Here, some experimental (animal) and clinical studies of pro-
biotics under the recent literature gathered from Medline and
PubMed showing supposed mechanisms of probiotics’ effects
in atopic and autoimmune disease are being described below
(as summarized in Table 1 and Figure 1).

Maturing gut barrier: Probiotic regulation in intestinal epithelium
and upregulation of host immune responses. Recent data indicate
that commensal intestinal microbiota represents a major mod-
ulator of intestinal homeostasis. Dysregulation of the symbiotic
interaction between intestinal microbiota and the mucosa may
result in a pathological condition with potential clinical reper-
cussions. For instance, it is shown that mice reared in germ-free
conditions have an underdeveloped immune system and have
no oral tolerance. In contrast, pathogen-free mice are capable
of reconstituting the bacterial flora with Bifidobacteria and tol-
erance development.®’ Likewise; based on the hygiene hypoth-
esis, it has been theorized that changes in human intestinal
microflora in developed societies cause an increase in the pre-
valence of autoimmune disease besides allergies. Regulation of
intestinal microflora composition by probiotics may offer the
possibility to influence the development of mucosal/systemic
immunity as well as allergy and autoimmune disease
development. Probiotics are used in allergic diseases, which
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Table I. Various Mechanisms for Effects of Probiotic Strains in Atopic and Autoimmune Disorders (From Experimental [Animal] and Clinical
[Human] Studies Referred in This Review Text).

References Probiotic Strain Effect of probiotic Outcome
Maturing gut barrier
Sudo et al*’ Bfdbm Oral tolerance T
Dotan et al*’ VSL#3 Local anti-inflammatory effect T
Cebra et al*' various Decreased fecal a-1 antitrypsin (local anti- T
inflammatory)
Sistek et al*? LGG Increased fecal IgA T
Kaila et al** Lctbs Intestinal permeability l
Isolauri et al**'?3 LGG Gut-stabilizing effect T
Th1/Th2 balance
Kim et a?%%>!12 Bfdbm lactis/bifidum; Lctbs IL-10, IFN-y/IL-4, IgE A
acidophilus
Sistek et al*? LGG IL-10 production 7
Takahashi et al*® Bfdbm longum Th2 cytokines and IgE pr l
Maassen et al>° Lctbs casei IL-10 and Thl cytokines pr: T
Niers et al*>78!!! Bfdbm bifidum/infantis; LL Th2 cytokines/IL-10 prod WA
Kruisselbrink et al*? Lctbs plantarum IL-10 production l
West et al** Lctbs F19 Th1/Th2 7
Shida et al*’ Bfdbm lactis Bb-12 or LGG Antigen-specific l
Watanabe et al*® Lctbs delbrueckii subsp lactis Potent Thl ind T
Hayashi et al®’ Enterococcus faecium IgE pro l
Won et al®° Lctbs plantarum ThI/Th ings, IL-10 production T
Ogawa et al®' Lctbs casei subsp Casei IgE l
Segawa et al®? Lctbs brevis | ucti l
Rosenfeldt et al®®; Brouwer Various Th@ytokines s
et al®’
Hart et al”® Bfdbm bifidum oduction T
Zuercher et al'?’ LL cytokines !
Rupa et al'*° LL I-Th2 balance i
erum inflammatory parameters
Sistek et al*?; Pessi et al”® LGG Inflammatory parameters l
Maassen et al*° Lctbs reuteri Immunomodulation T
Brouwer et al®’ various Serum inflammatory parameters A
Betsi et al”' various Serum inflammatory parameters l
Woo et al”? Lctbs sakei CCLI7 and CCL27 !
Marschan et al’* CRP T
Inoue et al”® Pro-inflammatory cytokines l
So et al’® Effect on Th17 cells l
Lavasani et al’” Th17 cytokines l
Jan et al'®’ Airway inflammation/Th|7-cell l
Zhang et al'® Asthmatic response / Thl7-cell l
Development of tolerogenic dendritic cells
Niers et al*>78!!! Prime neonatal dendritic cell (most potent polarizer) T
Braat et al*’ Modulates dendritic cell function (function modulator) T
Hart et al”® Bfdbm bifidum Matures dendritic cells (phenotype modulator) T
Smits et al® Lctbs reuteri/casei Prime monocyte-derived dendritic cell T
Immunoregulation (Treg production)
Kim et al*'5>!12 Bfdbm bifidum; Lctbs acidophilus Treg-associated TGF-3 production T
Schwartz et al*; Various IL-10-dependent, TGF-B-bearing Tregs T
Issazadeh-Navikas et al®'
Smits et al® Lctbs reuteri/casei Prime monocyte-derived dendritic cell T
Feleszko et al®? LGG, Bfdbm lactis (Bb-12) TGF-B production 7
Di Giacinto et al®? VSL#3 IL-10-dependent, TGF-B-bearing Tregs T
Hacini-Rachinel et al®* Lctbs casei CD4+-/CD25+ Tregs T
Kwon et al® Probiotic mixture Foxp3+ Tregs T
Weise et al®® Escherichia coli Nissle Foxp3-+ Tregs T
Karimi et al'>’ Lctbs reuteri Tregs T

(continued)
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Table I. (continued)

References Probiotic Strain Effect of probiotic Outcome
T-cell hyporesponsiveness

Braat et al*’ Lctbs rhamnosus Peripheral hyporesponsiveness in CD4+ T cells T

Kruisselbrink et al*? Lctbs plantarum Inhibits specific T-cell responses T
Lymphocyte subpopulation changes

Hacini-Rachinel et al®* Lctbs casei CD8+ T cell l

Gerasimov et al®® Lctbs acidophilus, Bfdbm lactis CD8+ T cell T

Chapat et al®® Lctbs casei Hapten-specific IFN-y-producing CD8+ T cell l

Roessler et al®' Probiotic mixture CD57+ T cells 1
Toll-like receptor stimulation

Hoarau et al™ Bfdbm bifidum/infantis; Lctbs Activate TLR-2 T

salivarius
Forsythe et al®® Lctbs reuteri Activate TLR-9 T
Aumeunier et al’® various TLR-3 and TLR-4 T

Abbreviations: Lctbs, Lactobacillus; Bfdbm, bifidobacterium; LGG, Lactobacillus rhamnosus GG; LL, Lactococcus lactis;
growth factor-f; TLR, Toll-like receptor; 1, increase in symptoms or negative effect; |, decrease in symptoms o|

or no effect.

eron-y; TGF-, transforming
» ©, no change in symptoms

Figure 1. lllustration of some supposed mechanisms of probiotic effects on the development of autoimmunity and autoimmune diseases. Pro-
biotics seem to have a regulatory effect on Treg (regulatory T cell), Thl (T-helper 1), Th17 (T-helper 17), intestinal cells, and splenocytes.

have shown to be beneficial in some patients with atopic der-
matitis and allergic rhinitis.'>** Similarly, there is an increas-
ing amount of data showing that intestinal microbiota
changes could contribute to the modulation of immune-
mediated disorders but evidence is still slim, except in inflam-
matory bowel disease. The case of probiotics in inflammatory
bowel disease is more complex because of the possible local
anti-inflammatory effect, which could explain the relief of
symptoms without changes in disease progression. Following
a number of uncontrolled studies in a small cohort of 14

pediatric patients with newly diagnosed ulcerative colitis, pro-
biotic treatment induced a significant rate of remission and a
lower relapse rate.*®~°

In addition to providing maturational signals for the gut-
associated lymphoid tissue, probiotics balance the generation
of pro- and anti-inflammatory cytokines in the gut. Some com-
ponents of heat-treated LGG may have an ability to delay the
onset and suppress the development of atopic dermatitis, prob-
ably through a strong induction of IL-10 in intestinal lymphoid
organs and systemic levels.*” After probiotic consumption,
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decrease in fecal a-1 antitrypsin, serum tumor necrosis factor-a
(TNF-a), and changes in TGF-f3 and other cytokines point to
downregulation of inflammatory mediators.*' For instance,
after a challenge study in infants allergic to cow’s milk, fecal
IgA levels were detected to be higher and serum TNF-o level
were lower in the LGG-applied group compared with the pla-
cebo.*? Similarly, another study by Kirjavainen et al® suggested
that Bifidobacterium lactis might modify gut microflora to alle-
viate early onset atopic eczema. And this modification was
found to be compatible with reductions of serum TNF-o and
fecal o-1-antitrypsin levels as well as an increase in fecal IgA
level ®

Moreover, probiotic bacteria may counteract the inflamma-
tory process by stabilizing the gut microbial environment and
the permeability barrier of the intestine, and by enhancing the
degradation of enteral antigens and altering their immuno-
genicity.*> This gut-stabilizing effect of probiotics could be
explained by the improvement by probiotics of the immuno-
logical barrier of the intestine through intestinal IgA
responses, specifically.***> Oral treatment with probiotic
Lactobacillus johnsonii for a specific part of the weaning
period was also shown to prevent the development of atopic
dermatitis in model mice, NC/Nga, by modulating or acceler-
ating the gut immune response with increased intestinal secre-
tory IgA.*® Consistent with these explanations, in children
with food allergies, probiotics are shown to reverse increased
intestinal permeability and to enhance frequently defectiv
IgA responses.*>*

Immunomodulation: Th1/Th2 balance, serum cytokin
production. In addition to maturing gut barri
of Lactobacilli and Bifidobacteria modulate
cytokines by monocytes and lymphocytes,
immune system in a regulatory or toleran

teri induced proinflam
bacterium bifidum/in
Th2 cytokines.”® Noneth:
showing no significant effe
Th2 cell responses to allergens.

Several studies have shown the immunomodulatory effects
of probiotic bacteria. In one study, Bifidobacterium bifidum/
infantis and Lactobacillus lactis reduced Th2 cytokines and
acted as potent inducers of IL-10 production in different per-
ipheral blood mononuclear cell cultures.’” In another study, 8
common Lactobacillus strains were studied with respect to
induction of cytokines by the murine gut mucosa in response
to a parenterally administered antigen. Lactobacillus reuteri
induced pro-inflammatory and Thl cytokines; however,
Lactobacillus casei tended to induce IL-10/IL-4.°° Yet on
the contrary, in some children receiving probiotics, reduced
IL-10 responsiveness to house dust mites allergens was
observed.>® In a study, the effects of feeding Lactobacillus
F19 were evaluated during weaning on the incidence of eczema

re are still some studies
f probiotics on either Thl/

and Th1/Th2 balance. At 13 months of age, the higher Th1/Th2
ratio and reduced eczema incidence in the probiotic compared
with the placebo group suggests enhancing effects of Lactoba-
cillus F19 on the T cell-mediated immune response.”

In a mouse model, effect of oral probiotics administration,
including Bifidobacterium lactis/bifidum and Lactobacillus
acidophilus, on mice with ovalbumin (OVA)-induced food
allergy was studied. The mice treated with probiotics sup-
pressed production of the OV A-specific IgE, IgG1, and IgA.
Additionally, the level of IL-4 was significantly lower, and the
levels of interferon-y (IFN-y) and IL-10 were significantly
higher in the mice treated with probiotics than that in the non-
treated mice.>> Another murine model showed that oral admin-
istration of an immunostimulatory DNA sequence from
Bifidobacterium longum s ed Th2 immune responses
in mice and inhibited Ig ion in vitro.*® Similarly,
Lactobacillus acidophilus, the development of
atopic dermatitis—like ski sensitized NC/Nga mice
via decreasing seru SEPIEVcl.>° A final study showed
that the administr gher Bifidobacterium lactis or LGG
suppresse IgE production too.”’

Atopi e skin lesions were induced by
repeated with mostly picrylchloride in the Th2-
skew ouse strain. Oral administration of lactic
(Lactobacillus delbrueckii subsp lactis R-037)
traditional South Asian fermented milk “dahi”
e development of atopic dermatitis thru exhibiting
as a potent Thl inducer.’® Also, the antiallergic effects
ne strain (T120) of lactic acid bacteria isolated from Mon-
olian fermented milk using AD model mice (NC/Nga mice)
were investigated. Strain T120 has already been identified as
Enterococcus faecium and suppressed total IgE production and
induced IL-12 and IFN-y production by splenocytes of NC/Nga
mice. Furthermore, this strain enhanced the production of
IL-10 by splenocytes and activation of Tregs by strain T120
may inhibit atopic disease.”® In another study, Lactobacillus
plantarum strains from Kimchi were demonstrated to inhibit
atopic dermatitis (house dust mite—induced dermatitis) in NC/
Nga mouse. Lactobacilli isolated from Kimchi inhibit atopic
dermatitis, probably by altering the balance of Th1/Th2 ratio
or inducing IL-10 production.®® A new synbiotic, Lactobacil-
lus casei subsp casei together with dextran, reduces the devel-
opment of atopic dermatitis—like skin lesions in NC/Nga mice.
This synbiotic combination significantly decreased clinical
skin severity scores induced by picryl chloride and total IgE
levels in sera of NC/Nga mice.®' Also, supplementation with
KW3110 strain of lactic acid bacteria significantly attenuated
the onset and exacerbation of atopic dermatitis—like skin
lesions, accompanied by lower plasma IgE levels through its
effects on IL-12 and IL-4 production in vitro.%*> Oral adminis-
tration of Lactobacillus brevis significantly inhibited IgE
production and ear swelling, and suppressed the development
of dermatitis in a dose-dependent manner in atopic dermatitis
model of NC/Nga mice. Cytokines, for example, IL-10 and
TGF-B production from Peyer’s patch cells significantly
increased in the treatment group.®’ Consistently, oral

atl
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supplementation with Lactobacillus rhamnosus in a study by
Tanaka et al** has been demonstrated to prevent development
of atopic dermatitis in NC/NgaTnd mice, possibly by modulat-
ing local production of IFN-y and plasma total IgE in skin
biopsies.®*

Probiotic supplementation decreased the severity of allergic
skin responses in allergen-sensitized pigs with a corresponding
increase in IFN-y expression.®” Consistently, Pohjavuori
et al® were able to demonstrate an increase of IFN-y production
in peripheral blood mononuclear cells in infants with atopic
dermatitis treated with LGG. Additionally, the improvement in
atopic dermatitis severity of very young children with probiotic
treatment was detected to be associated with increases in IFN-y
responses.®” However, Rosenfeldt et al°® demonstrated no sig-
nificant changes in serum cytokines during 6 weeks of probiotic
treatment. Brouwer et al®® also showed no statistically signifi-
cant effects of probiotic supplementation on cytokine produc-
tion. As a result, it seems that changes in cytokine profile
induced by probiotics could be probiotic strain- or site-specific
and dependent on the experimental system used.

Systemic anti-inflammatory effects. The anti-inflammatory
effect of probiotics has been attributed to increased production
of IL-10 by immune cells in the lamina propria, Peyer’s
patches, and the spleen of treated animals. Moreover, a
decrease in the secretion of pro-inflammatory cytokines,
IFN-y, TNF-0a, and IL-12 has been demonstrated.>>*7°%2 Or.
administration of LGG resulted in elevated IL-10 concen
tions in atopic children, indicating that specific probioti
have anti-inflammatory effects in vivo and possible
regulatory or tolerance-inducing mechanisips a:
review of the evidence from randomized c
Betsi et al’' about probiotics for the treat
of atopic dermatitis: The results of 13 rele ra
trolled trials were reviewed, 10 of why
as treatment and 3 for preventjgn of
these 6 randomized control
associated with a changg

A study by Woo et §

ed con-
ted probiotics
atitis. In 4 of
provement was
gmatory markers.”!
S effect of Lactobacillus
sakei supplementation in cht yth atopic eczema—dermatitis
syndrome. In this study, ce@@pared with placebo, probiotic
administration was associated with lower pretreatment-
adjusted serum levels of chemokines such as CCL17 and
CCL27, which were significantly correlated with SCORAD total
score.”® Primary administration of Lactobacillus johnsonii in the
weaning period suppressed the elevation of proinflammatory
cytokines and CD86 gene expressions in skin lesions of NC/Nga
model mice. The suppression of proinflammatory cytokines, for
example, IL-8, IL-12, and IL-23, and CD86 expression by Lac-
tobacillus johnsonii may significantly contribute to the inhibi-
tory effect on the skin lesion like atopic dermatitis.”
Nevertheless, another randomized, double-blind, placebo-
controlled study conducted by Brouwer et al® showed no
statistically significant effects of probiotic supplementation
on inflammatory parameters. Interestingly; probiotic-induced
chronic low-grade inflammation characterized by elevation of

C-reactive protein (CRP), IgE, IgA, and IL-10 was shown in
some studies, the changes typically observed in helminth
infection-associated induction of regulatory mechanisms. The
association of increased CRP with a decreased risk of eczema
at 2 years of age in allergy-prone children supports the view
that chronic, low-grade inflammation protects from eczema.
The findings emphasize the role of chronic microbial exposure
as an immunomodulator protecting from allergy.”*

Suppression of Thl7 cells (reducing pro-inflammatory cytokines
through Th17 cells). T-helper 17 (Th17) cells, a subset of CD4+
T cells have been implicated as having an important role in the
development of several allergic disorders, but the relationship
between oral administration gf probiotics and Th17 develop-
ment has not been well s Th17 cells have been also
shown as pathogenic cells 1 toimmune diseases such
as experimental autoimmu myelitis and arthritis.””
Some probiotics have bee o reduce proinflammatory
cytokines through ppression of this newly dis-
covered subset of probiotics might explain effects
observed i diff rimental models that all involve
inflamma, Sp > that is, colitis. For instance, Lactoba-
ed inflammation in experimental arthritis
mmatory cytokines released from Thl7
in a study administration of a probiotics mixture
s acidophilus, Lactobacillus casei, Lactobacillus
ifidobacterium bifidium, and Streptococcus thermo-
) induced both T-cell and B-cell hyporesponsiveness and
nregulated Thl, Th2, and Th17 cytokines.77

Development of tolerogenic dendritic cells. Selected species of
the Bifidobacterium genus were demonstrated to prime in vitro
cultured neonatal dendritic cells to polarize T-cell responses
and may therefore be used as candidates in primary prevention
of allergic diseases. Bifidobacterium bifidum was found to be
most potent polarizer in vitro—cultured dendritic cells to drive
Thl-cell responses involving increased IFN-y producing T
cells concomitant with reduction of IL-4-producing T-cells.”®
In addition, T-cells stimulated by Bifidobacterium bifidum
matured dendritic cells as producers of more IL-10.”" More-
over, Lactobacillus rhamnosus, member of another genus of
probiotic bacteria, modulates dendritic cell function to induce
a novel form of T-cell hyporesponsiveness.49 Lactobacillus
reuteri/casei have been also shown to prime monocyte-
derived dendritic cells through the C-type lectin dendritic
cell-specific intercellular adhesion molecule 3-grabbing non-
integrin (dendritic cell-SIGN) to drive the development of
Tregs.®® These Treg cells produce increased levels of IL-10 and
are capable of inhibiting the proliferation of bystander T cells.
This study suggests that the targeting of dendritic cell-SIGN by
certain probiotic bacteria might explain their beneficial effect
in the treatment of a number of inflammatory diseases, includ-
ing atopic and autoimmune diseases.

Immunoregulation by T regulatory (Treg) cells. As mentioned
earlier, Lactobacillus reuteri/casei have been also shown to
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prime monocyte-derived dendritic cells through the dendritic
cell-SIGN to drive the development of Tregs.*® And the
probiotic combinations are alleged to cause a paradoxic Th2
stimulation and to induce chronic low-grade inflammation,
practically the same as in chronic and balanced helminth infec-
tion, which is associated with activation of Treg cells suppres-
sing allergic inflammation.”* CD4+/CD25+ Tregs have shown
to be pivotal players in the maintenance of immune tolerance.
Their role in the prevention of autoimmunity in animal models
and evidence for disturbed or dysfunction of Tregs have also
been observed in patients with different autoimmune diseases,
including multiple sclerosis.?!

Recent studies provided evidence that one effect of probio-
tics may involve induction of differentiation of IL-10-
dependent, TGF-B-bearing Tregs.?'®' They also can suppress
immune responses distinct from responses against the antigen
in question, here antigens expressed by infectious agents (a
phenomenon called bystander suppression). In a food allergy
mouse model, oral administration of Bifidobacterium bifidum
and Lactobacillus acidophilus suppressed OV A-specific IgE
production, which was caused by inducing Treg-associated
TGF-B production.”® Another study demonstrated that neonatal
application of probiotic bacteria inhibits subsequent allergic
sensitization and airway disease in a murine model of asthma
by induction of Treg cells and TGF-B production.®* In another
study, the regulatory cytokine and cell response to probiotic
(VSL#3) administration in the context of the Thl-mediate
colitis of SJL/J mice was analyzed. Probiotic VSL#3 admi
tration during a remission period ameliorated the sevegit
recurrent colitis by inducing an immunoregulatory
involving an early increase in the productign o
TGF-B-bearing T-regs.**

Generation of CD4+4-/Foxp3+ Treg ¢
administration suppresses autoimmune a
Recently, 2 studies reported that oral a
probiotic strain, for example, La @
increase Foxp3+ Tregs.**5Z
age of epidermal or de
titis can contribute to

d

otics

sorders.

ion of a certain
casei could
e lower percent-
in eczematous derma-
s.5> The strain T120 of
lactic acid bacteria was be able to inhibit atopic
disease in NC/Nga mice t gh enhanced production of
IL-10 by splenocytes and activation of Teg cells.*® In a recent
study, a mixture of probiotics (Lactobacillus acidophilus, Lac-
tobacillus casei, Lactobacillus reuteri, Bifidobacterium bifi-
dium, and Streptococcus thermophilus) was identified that
upregulates CD4+/Foxp3+ Treg cells. Administration of the
probiotics mixture induced both T-cell and B-cell hyporespon-
siveness and downregulated Thl, Th2, and Th17 cytokines. It
also induced generation of CD4+/Foxp3+ Tregs from the
CD4+/CD25— population and increased the suppressor activ-
ity of naturally occurring CD4+-/CD25+ Tregs. Conversion of
T cells into Foxp3+ Tregs is directly mediated by regulatory
dendritic cells that express high levels of IL-10 and TGF-p.*
However, another study showed that Foxp3 mRNA expression
at 6 months of age is higher in infants having atopic dermatitis,
but it is not affected by giving probiotics from birth.*” In

sensitized BALB/c mice, skin inflammation was induced by
topical allergen application. Escherichia coli Nissle 1917 was
administered orally in a preventive manner and it improved
allergen-induced dermatitis dose dependently. Escherichia coli
Nissle altered the local allergen-induced immune response by
Foxp3+ cell increase and by favoring immunoregulatory
cytokine patterns.®

Changes in lymphocyte subpopulations. Several studies reveal
that the probiotics differently modulate peripheral blood
immune parameters in healthy subjects and patients with atopic
diseases. Gerasimov et al® conducted a study to assess the
clinical efficacy and impact of Lactobacillus acidophilus plus
Bifidobacterium lactis with frugto-oligosaccharide on peripheral
blood lymphocyte subsets i hool children with moderate-
to-severe atopic dermatitis. age of CD4, and the per-
centage/absolute count of ed, and the percentage/
absolute count of CDS inc e probiotic group at week
8, compared with pl ound a significant correlation
between CD4 pe D25 percentage, CD25 absolute
count, and 8C s in the probiotic group at week 8.
The adi 10 a probiotic mixture and fructo-
orrelated with significant clinical improve-
ith atopic dermatitis, with corresponding
bpopulation changes in peripheral blood.®
her mice studies, contact hypersensitivity to the
-dinitrofluorobenzene, a model of allergic contact
itis mediated by CD8+ cytotoxic T lymphocytes and
rolled by CD4+ Treg cells was studied. Daily oral admin-
tration of fermented milk containing Lactobacillus casei or
Lactobacillus casei alone decreased skin inflammation by inhi-
biting the priming/expansion of hapten-specific IFN-y-produc-
ing CD8+ effector T cells. This study provides the first
evidence that oral administration of Lactobacillus casei can
reduce antigen-specific skin inflammation by controlling the
size of the CD8+ effector pool.”®

However, in some studies major lymphocyte subsets were
not affected by the probiotic intervention. The purpose of a
study by Roessler et al’' was to elucidate the influence of a
probiotic drink containing a combination of the probiotics
Lactobacillus  paracasei, Lactobacillus acidophilus, and
Bifidobacterium animalis in healthy volunteers and in patients
with atopic dermatitis on clinical and immunological
parameters and their detection in feces. This double-blind,
randomized cross-over study was conducted in 15 healthy
adults and 15 patients with atopic dermatitis. In atopic derma-
titis patients, the SCORAD tended to decrease by 16%. The
expression of CD4+/CD25+ T cells was similar in healthy
subjects and atopic dermatitis patients, whereas CD4+/CD54+
cells decreased significantly in patients with atopic dermatitis
and remained uninfluenced in healthy subjects. However,
CD57+ T cells increased significantly in healthy subjects after
probiotic intake and was not changed in patients.”’

Systemic Toll-like receptor (TLR) stimulation via nonantigenic
ligands. A number of experiments indicate that infectious agents
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can promote protection from atopic and autoimmune diseases
through mechanisms independent of their constitutive antigens,
leading to stimulation of nonantigen-specific receptors such as
TLRs. A family of pattern recognition receptors such as TLRs
on gut lymphoid and epithelial cells mediates innate immune
responses to bacterial molecular patterns and, thereby, orches-
trates acquired immunity. The transient protection offered by
probiotics against IgE-associated allergic diseases is based on
stimulation of TLRs, which produce mediators such as IL-6;
these further induce IgA differentiation from naive B cells.
Both these events were shown to occur after probiotic admin-
istration to infants with eczema and also in infants who showed
increased levels of serum CRP, IL-10, and IgE at the age of 6
months.”* Similarly; an observation made for TLR-2/-3/-4/-7
and -9 that TLR stimulation could prevent the onset of type 1
diabetes in nonobese diabetes mice.”*"*

As mentioned, TLR stimulation was also thought to occur
after probiotic administration in infants with eczema who
showed increased levels of serum CRP, IL-10, and IgE. This
probiotic-induced low-grade inflammation was characterized
by elevation of CRP, IgE, IgA, and IL-10, the changes typically
observed in helminth infection—associated induction of regula-
tory mechanisms. Moreover, the association of increased CRP
with a decreased risk of eczema at 2 years of age in allergy-
prone children supports the view that chronic, low-grade
inflammation protects from eczema. The findings emphasize
the role of chronic microbial exposure as an immunomodulato
protecting from allergy thru activation of Treg cells by TLR
mulation.”* Consistently, lactic acid bacteria species sgc
Bifidobacterium bifidum/infantis and Lactobacillus
were shown to be capable of activating TLR-2.”*
istration of Lactobacillus reuteri attenuated
tics of an asthmatic response, including ai
local cytokine responses, and hyperresp.
choline. This effect of Lactobacillus
airway response was found to
tic study was performed b
modifying effects of a s
using 2 experimenta’
OVA-induced asthma and us autoimmune type 1 dia-
betes. In these models, pro cs that stimulate TLRs also
were shown to protect from these 2 diseases. These results
strongly indicate that the TLR-mediated effects involve immu-
noregulatory cytokines such as IL-10 and TGF-f3 and different
subsets of Treg cells, notably CD4+/CD25+/FoxP3+ T cells
for TLR-4 agonists and NKT cells for TLR-3 agonists.”®

In summary, local influences of probiotics potentially
include reduction of gut permeability and systemic penetration
of antigens, increased local IgA production, and alteration of
local inflammation or tolerance induction. Some possible
systemic effects consist of anti-inflammatory effects mediated
by Th17 cells and TLRs, Thl skewing of responses to aller-
gens, activation of tolerogenic dendritic cells, in addition to
Treg cell production. The various effects of different probiotic
strains in atopic and in autoimmune diseases are summarized in
Table 1 and Figure 1.

n the allergic
2% A systema-
on the disease-
nthetic TLR agonists
etes mouse models,

The Role of Probiotics in the Prevention and
Treatment of Allergic Diseases in Humans

The increased prevalence of atopic and autoimmune diseases is
nowadays defined as an epidemic. Atopic dermatitis is known
as the earliest of these conditions, might act as an indicator for
the development of IgE-mediated atopic manifestations. Thus,
being aware of possible measures, such as probiotic use, to pre-
vent and/or heal atopic disease is essential for the practicing
allergist. Here, their role in the prevention and therapy of atopic
disease under the recent literature gathered from Medline and
PubMed are discussed. First, clinical (human) studies showing
probiotics’ effects in various allergic diseases consisting of ato-
pic dermatitis, food allergy, allergic rhinitis, asthma and then
their role in autoimmune di will be mentioned. The var-
ious effects of different p trains in allergic diseases
from essential clinical study in the text are shown
in Table 2.

Showing Probiotics’ Effects in
ma)

ical (human) studies showing effects of
ic disorders have been related to atopic

ersus non-IgE-sensitized (nonatopic) eczema groups.

ifference for IgE-Sensitized (Atopic) Versus Non-IgE-Sensitized
onatopic) Eczema Groups?. A number of studies could only
relate probiotic benefits to a certain subset of atopic derm-
atitis patients. In support of the efficacy of probiotics in
IgE-sensitized children, some other studies also demonstrated
comparable results as well. In brief, treatment with
Lactobacillus rhamnosus for the first 2 years of life was
associated with a significant reduction in the prevalence of any
IgE-associated eczema by about a half** Another study
demonstrated that LGG alleviated atopic eczema—dermatitis
syndrome symptoms in IgE-sensitized infants.”” In food-
sensitized atopic children, the efficacy of the probiotics such as
Lactobacillus rhamnosus and Bifidobacterium lactis was demon-
strated too. And this effect was more pronounced in patients with
a positive skin prick test and increased IgE levels.*>%8

Yet some other studies failed to demonstrate that the sever-
ity and frequency of atopic dermatitis were decreased with the
supplementation of probiotics, regardless of their IgE sensitiza-
tion status. For instance; Boyle et al’® and others could not
show any effect even for LGG in infants with atopic dermatitis.
A few meta-analyses also could not confirm that IgE sensitiza-
tion was indeed a factor in determining the efficacy of probio-
tics in atopic children. However, the heterogeneity between
studies may be attributable to probiotic strain-specific effects
and other factors as well, meaning that some probiotic strains
may still have a therapeutic role in eczema.'>*? Correspond-
ingly; in a very recent meta-analysis of 7 studies, Doege
et al'® showed that the administration of Lactobacilli during
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Table 2. The Various Effects of Different Probiotic Strains in Allergic Diseases (From Essential Clinical Studies Referred in the Text).

References

Probiotic Strain

Allergic Disease Type/Mechanisms

Outcome

Majamaa et al®

Kalliomiki et al**
Sistek et al*?
Isolauri et al*>'?3
Rosenfeldt et al®
Viljanen et al””
Rautava et al'®?
Kukkonen et al'®
Kuitunen et al'®*
Abrahamsson et al'®
Kirjavainen et al'®'
Wickens et al''°

West et al**
Woo et al’?
Marschan et al
Gerasimov et al®’
Weston et al'®’
Hoang et al'®
Hattori et al'®®
Wickens et al''°
Niers et al'"

Kim et al''?

74
|

Dotterud et al''?

Lodinova-Zadnikova et al''*

9
Brouwer et al®

Taylor et al®”''®

Boyle et al”’
Kuitunen et al'®*

van der Aa etal''?
Huurre et al''®
Kopp etal''®
Gruber et al'"?
Folster-Holst et al'?®
Soh et al'?!

Soh et al'?!

Gore et al'®?

Kim et al*"*®
Majamaa et a
Pelucchi et al'%
Taylor et al''®
Isolauri et al' 2
Shida et al'?’
Schiavi et al'%®
Zuercher et al'?’
Rupa et al'3°
Hol et al'*'
de Jonge et a

33
I

|I33

Di Felice et al'?®
Peng at al'®’
Giovannini et al'3®
Morita et al'*°

LGG

LGG

Lctbs rhamnosus + Bfdbm lactis
Bfdbm or Lctbs

Lctbs rhamnosus + Lctbs reuteri
LGG

LGG

Probiotic mixture

Lctbs + Bfdbm + Propionibacteria
Lctbs reuteri

LGG

Lctbs rhamnosus

Lctbs casei FI9

Lctbs sakei

Probiotic mixture

Lctbs acidophilus, Bfdbm lactis

Lctbs fermentum

Lctbs rhamnosus

Bfdbm breve

Lctbs rhamnosus, Bb-12

Bfdbm bifidum, Bfdbm lactis, LL

Bfdbm bifidum, Bfdbm lactis, Lctbs
acidophilus

LGG, Lctbs acidophilus, Bb-12

Escherichia coli

Lctbs rhamnosus
LGG or Lctbs acidophilus

LGG
Lctbs + Bfdbm +
Bfdbm breve

LGG
LGG
LGG

ng ctbcs rhamnosus
+ Lctbes rhamnosus
sei + Bfdbm lactis

cidophilus + Bfdbm lactis
L
Bfdbm or Lctbs

LGG or Lctbs acidophilus
Bfdbm or Lctbs

VSL#3 + LcS

VSL#3

LL

LL

Lctbs casei + Bb-12

LcS

VSL#3

Lctbs paracasei
Lctbs casei

LGG + Lctbs gasseri

Nonatopic eczema

Atopic (IgE-associated) eczema

Food-sensitized eczema

Atopic dermatitis

Eczema, food-sensitized atopy

Food (cow’s milk) allergy

Atopic eczema

Atopic eczema/dermatitis syndrome
IgE-associated eczema
Atopic eczema
IgE-associated allergy
Atopic eczema
IgE-associated eczema
IgE-associated eczema

Atopic dermatitis
Atopic dermatitis
Atopic dermatitis
Atopic dermatjg
Atopic der

dermatitis
pic dermatitis (IgE allergies)

zema

Atopic dermatitis

Atopic dermatitis/(cow’s milk allergy) allergic

sensitization

Atopic dermatitis

Atopic dermatitis

Atopic dermatitis

Atopic dermatitis/allergic sensitization
Atopic dermatitis (wheezing)

Atopic dermatitis/allergic sensitization
Atopic dermatitis

Eczema and atopic sensitization
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Table 2. (continued)

References Probiotic Strain Allergic Disease Type/Mechanisms Outcome
Chen et al'* Lctbs gasseri Serum cytokines l
Wang et al'*! Lctbs paracasei Quality of life l
Nishimura et al'*? Tetragenococcus halophilus Rhinitis symptoms l
Seasonal allergic rhinitis
Ivory et al 144 LcS Severity of symptoms l
Nagata et al'*® Lctbs plantarum Symptom-medication score l
Kawase et al'* LGG and Lctbs gasseri JCPsis, nasal blockage l
Xiao et al'*""148 Bfdbm longum JCPsis l
Koyama et al'>° Lctbs paracasei JCPsis l
Tamura et al"' LcS JCPsis o
Allergic rhino-conjunctivitis
Nagata et al'*® Lctbs plantarum Ocular symptom-medication score l
Xiao et al'*’ Bfdbm longum JCPsis l
Ouwehand et al'>? Lctbs acidophilus + Bfdbm lactis Decreased birch poll l
Asthma
Kruisselbrink et al*3 Lctbs plantarum Dermatophagoides ( ization l
Feleszko et al® Bb-12 Airway reactivity l
Giovannini et al'3® Lctbs casei Asthmatic res o
Bliimer et al'>* LGG Allergic airw tion l
Singh and Ranjan Das'>® LGG and Bb-12 Air rea onary eosinophilia l
Repa et al'>® LL + Lctbs plantarum Bir n (Bet vl) sensitization, l
alle ed basophil degranulation
Jan et al'®’ Lctbs gasseri ation l
Zhang et al'® Enterococcus faecalis matiCtesponse !
Karimi et al'’ Lctbs reuteri airway inflammation l
Lue et al'®® Lctbs johnsonii FEV, improved l
Moreira et al,'*? Helin etal'® LGG matic response s
Helin et al'®® LGG Pollen allergy A

Abbreviations: Lctbs, Lactobacillus; Bfdbm, Bifidobacterium; LGG, L
strain Shirota; Bb-12, Bifidobactrium animalis; |CPsis, Japanese ced
in symptoms or negative effect; |, decrease in symptoms or p

pregnancy prevents atopic eczema in childre;
years. However, a mixture of various ba
affect the development of atopic ¢
whether they contain lactobacilli or

did not
independent of

IgE-sensitized (atopic)
now, several clinical

and prevention. Until
n published that have
focused on the use of p for therapy and primary
prevention of atopic disease date, the results of at least
20 prospective preventive studies with different Lactobacillus
or Bifidobacterium strains (or mixture) in children at high risk
for allergic diseases have been published. The first study in the
literature by Isolauri et al analyzed a benefit of LGG in mild
atopic dermatitis disease in 1997. They observed 27 exclu-
sively breastfed infants (median age 4-6 months) with mild ato-
pic dermatitis, receiving extensively hydrolyzed whey formula
with (LGG or Bifidobacterium strain) or without probiotics
(placebo) for 8 weeks. They showed a reduction in the
SCORAD by 15 points for the LGG and by 16 points for the
Bifidobacterium arm, as compared with a reduction of 2 to 6
points in the placebo arm. However, 1 month after therapy,
SCORAD scores were comparable with those of placebo.
Therefore, the probiotic effect was limited to acceleration
of improvement in infants with mild disease.>® The same

G; LL, Lactococcus lactis; VSL#3, probiotic mixture; LcS, Lactobacillus casei
, forced vital capacity; FEV|, forced expiratory volume in | second; T, increase

ect; <, no change in symptoms or no effect.

investigators subsequently published 2 additional studies. One
of these studies compared LGG with Bifidobacterium lactis,
both of which showed a significant improvement in SCORAD
score over placebo. However, after 6 months, the median
SCORAD score was zero in all groups, again suggesting that
the effect is limited to rapid initiation of improvement. The
other study underlined the importance of viability for probiotic
species. The use of heat inactivated LGG resulted in adverse
gastrointestinal symptoms with diarrthea, and then study
recruitment was halted. They concluded that supplementation
of infant formulas with viable but not heat-inactivated LGG
was found to be a potential approach for the management of
atopic eczema and cow’s milk allergy.'®!

In a double-blinded, placebo-controlled study of 62 mother—
infant pairs by Rautava et al,'” it is shown that administering
probiotics to the pregnant and lactating mother significantly
increased the immunoprotective potential of breast milk, as
assessed by the amount of anti-inflammatory TGF-B2 in the
milk of mothers receiving probiotics versus in mothers receiv-
ing placebo. The risk of developing atopic eczema during the
first 2 years of life in infants whose mothers received probiotics
was significantly reduced in comparison with that in infants
whose mothers received placebo (15% and 47%, respectively;
relative risk = 0.32; P = .0098). The infants most likely to
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benefit from maternal probiotic supplementation were those
with an elevated cord blood IgE concentration. Administering
probiotics during pregnancy and breast-feeding thus offers a
safe and effective mode of promoting the immunoprotective
potential of breast-feeding and provides protection against
atopic eczema during the first 2 years of life.'%?

One of the recently published largest studies to date by
Viljanen et al’” compared LGG or a probiotic mix (LGG,
Lactobacillus rhamnosus, Bifidobacterium breve, and Propio-
nibacterium) with placebo. In this study, 230 Finnish children
with atopic dermatitis were treated for 4 weeks with LGG, a
mixture of 4 probiotic strains or placebo. With supplementation
with probiotic LGG, Viljanen et al found significant improve-
ment on the SCORAD index only in “IgE-sensitized” cow’s
milk allergic infants with the atopic eczema—dermatitis
syndrome. Only in the subgroup of IgE-sensitized children did
the LGG group show a greater reduction in SCORAD than the
placebo group but this effect could have been due to a higher
baseline score in this subgroup. Contrary to what would be
expected, improvement was seen 4 weeks after discontinua-
tion of therapy rather than during treatment.”’ In a study by
Rosenfeldt et al®® from Denmark, 2 lyophilized probiotic Lac-
tobacillus strains (lyophilized Lactobacillus rhamnosus and
Lactobacillus reuteri) were given in combination for 6 weeks
to 1- to 13-year-old (mean age = 5.2 years) children with atopic
dermatitis. This study used 2 different Lactobacillus species in
older children. A combination of these was beneficial in th
management of atopic dermatitis. Statistically signifi
improvement in SCORAD score was seen only in a su
children with positive skin prick test results and ele
levels.®® Another study by Sistek et al** showed cy
of the probiotics Lactobacillus rhamnosus a b m
lactis in food-sensitized children.*?

A study by Finnish group used the sam
Viljanen et al with prebiotic. Kukkone

xture of
in a trial using

eczema in high-risk F possible by modulating
the infant’s gut microbio probiotics and prebiotics.
Probiotic treatment compard@placebo with IgE-associated
(atopic) diseases. Probiotic treatment also reduced non-atopic
plus atopic eczema.'®® In 2009, in a study by Kuitunen
et al,104 1223 Finnish mothers were randomized with infants
at high risk for allergy to receive the same probiotic mixture
(2 Lactobacilli, Bifidobacteria, and propionibacteria) or pla-
cebo during the last month of pregnancy and their infants to
receive it from birth until age 6 months. Infants also received
a prebiotic galacto-oligosaccharide or placebo. At 5 years, the
cumulative incidence of allergic diseases (eczema, food
allergy, allergic rhinitis, and asthma) and IgE sensitization
were evaluated. Frequencies of allergic and IgE-associated
allergic disease and sensitization in the probiotic and placebo
groups were similar. However, less IgE-associated allergic
disease occurred in cesarean-delivered children receiving pro-
biotics. No allergy-preventive effect that extended to age 5

years was achieved with perinatal supplementation of probiotic
bacteria to high-risk mothers and children. It conferred protec-
tion only to cesarean-delivered children.'® Similarly, Abra-
hamsson et al'® could not confirm a preventive effect of
probiotics (Lactobacillus reuteri) on infant eczema in a
recently published study. However, he observed that the treated
infants had less IgE-associated eczema at 2 years. Moreover,
skin prick test reactivity was also less common in the treated
group than in the placebo group, but this difference reached
significance only for infants with allergic Swedish mothers.'®
A current meta-analysis provided evidence in support of a mod-
erate role of probiotics in the prevention of atopic dermatitis
and IgE-associated atopic dermatitis in infants. The favorable
effect was similar regardless of the time of probiotic use (preg-
nancy or early life) or t ject(s) receiving probiotics
(mother, child, or both).'°

In conclusion, all these
that probiotics might not
children with atopic g
IgE-sensitized chijifer]

together demonstrate
and/or therapeutic for all
t offer benefit in a subset of

natopic) eczema therapy and prevention.
Viljanen et al, probiotics have been sug-
1 in children with non-atopic and atopic
Yet, in 2010, a study by Woo et al’* was per-
sess the clinical effect of Lactobacillus sakei sup-
ton in children with atopic eczema—dermatitis
me. In this study, children aged 2 to 10 years with atopic
ma—dermatitis syndrome with a minimum SCORAD score
f 25 were randomized to receive either daily Lactobacillus
sakei or daily placebo supplementation for 12 weeks. At week
12, SCORAD total scores adjusted by pretreatment values were
lower after probiotic treatment than after placebo treatment.
There was a 31% improvement in mean disease activity with
probiotic use compared with a 13% improvement with placebo
use. Therefore, significant differences in favor of probiotic
treatment were also observed in proportions of patients achiev-
ing improvement of at least 30% and 50%. Interestingly, clin-
ical improvement in this study was not just observed in the
subgroup of IgE-sensitized children, contrary to the study by
Viljanen et al, and it was regardless of IgE sensitization.”*
Weston et al'”’ from Australia published their experience with
using Lactobacillus fermentum for 8 weeks in 53 infants with
atopic dermatitis. After 16 weeks, the probiotic group had sig-
nificant reduction of SCORAD scores whereas the placebo
group did not. Lactobacillus fermentum caused a significant
reduction in SCORAD scores. Although the change in
SCORAD score from baseline in the probiotic group was sig-
nificant, the difference between the probiotic and placebo
groups did not reach significance by week 16.'"7 In a study
by Hoang et al,'®® the authors followed 14 cases of pediatric
patients (age 8-64 months) with a history of resistant eczema
for a period of at least 6 months. All these children received
Lactobacillus rhamnosus cell lysate daily as an immunobiotic
supplement. The results of this open label nonrandomized
clinical observation showed a substantial improvement in
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quality of life, skin symptoms, and daytime and nighttime irri-
tation scores in children with the supplementation of Lactoba-
cillus rhamnosus lysate. Lactobacillus rhamnosus cell lysate
may thus be used as a safe and effective immunobiotic for the
treatment and prevention of childhood eczema.'”® Bifidobac-
terium breve has been reported by Hattori et al'” to improve
cutaneous symptoms of atopic dermatitis patients. Fifteen chil-
dren with atopic dermatitis who had Bifidobacterium-deficient
microflora were selected for this study. Eight subjects in the
Bifidobacteria-administered group were given oral administra-
tion of lyophilized Bifidobacterium breve M-16 V strain. In the
Bifidobacteria-administered group, the proportion of Bifido-
bacterium in the fecal microflora was increased and the propor-
tion of aerobic bacteria was decreased after 1 month of
administration. Furthermore, significant improvement of aller-
gic symptoms (in cutaneous symptom and total allergic scores)
was also observed in the Bifidobacteria-administered group.
The tendency of allergic symptom improvement was remark-
able compared with the control group; however there was no
correlation between changes in fecal microflora and allergic
symptoms. 109

The Finnish study of Kalliomiki et al** was the first report
to describe that the frequency of atopic dermatitis in the probio-
tic group was half that of the placebo. This hallmark study
demonstrated that administration of LGG for 1 month before
and 6 months after birth to their infants was associated with a
significant reduction in the cumulative incidence of eczem
during the first 7 year of life. The effect of probiotics on
venting atopic dermatitis has been demonstrated in inf;
Finnish pregnant mothers with a strong family
eczema, allergic rhinitis, or asthma. The frequency.
ing atopic dermatitis in the offspring was sig
by 2, 4, and 7 years, by 50%, 44%, and 36%;
there were no preventive effects on atopi
onset of respiratory allergic diseases.’

Wickens et al''® studied a dj
in the prevention of ecze
tobacillus rhamnosus
eczema, compared wi |
Bifidobacterium animalis tis. In a double-blind, ran-
domized placebo-controlled tg@§®t infants at risk of allergic dis-
ease, pregnant women were randomized to take Lactobacillus
rhamnosus, Bifidobacterium animalis subsp lactis, or placebo
daily from 35 weeks’ gestation until 6 months if breastfeeding,
and their infants were randomized to receive the same treat-
ment from birth to 2 years (n = 474). Infants receiving Lacto-
bacillus rhamnosus had a significantly reduced risk of eczema
compared with placebo, but this was not the case for Bifido-
bacterium animalis subsp lactis. There was no significant
effect of Lactobacillus rhamnosus or Bifidobacterium ani-
malis subsp lactis on atopy. Lactobacillus rhamnosus
(71.5%) was more likely than Bifidobacterium animalis
subsp lactis (22.6%) to be present in the feces at 3 months,
although detection rates were similar by 24 months. The
authors found out that supplementation with Lactobacillus
rhamnosus, but not Bifidobacterium animalis subsp lactis,

substantially reduced the cumulative prevalence of eczema,
but not atopy, by 2 years.'"’

In a randomized double-blind study by Marschan et al,”*
probiotic bacteria mix (LGG, Lactobacillus rhamnosus
LC705, Bifidobacterium breve, and Propionibacterium) or
placebo were given for 1 month before delivery to mothers and
for 6 months to infants with a family history of allergy. Infants
receiving probiotic bacteria had higher plasma levels of CRP,
total IgA, total IgE, and IL-10 than infants in the placebo group.
Increased plasma CRP level at age 6 months was associated
with a decreased risk of eczema and with a decreased risk of
allergic disease at age 2 years, when adjusted with probiotic
use. The association of CRP with a decreased risk of eczema
at 2 years of age in allergy-pgone children supports the view
that chronic, low-grade i tion protects from eczema.
Probiotic-induced low-gra ation was characterized
by elevation of IgE, IgA the changes typically
observed in helminth associated induction of
regulatory mechani ee the section Mechanisms
of Probiotics’ Eff

In the Pand,

lers et al''! administered a mixture
ifidobacterium bifidum, Bifidobacter-
bacillus lactis W58; Ecologic Panda) for
o mothers of high-risk children and to their
the first 12 months of life. Although cumulative

d placebo groups, the parental reported eczema was
cantly lower during the first 3 months of life in infants
1ving probiotics. This particular combination of probiotic
acteria showed a preventive effect on the incidence of eczema
in high-risk children, which seems to be sustained during the
first 2 years of life. In addition to previous studies, the preven-
tive effect appeared to be established within the first 3 months
of life in this study.'!" In a trial by Kim et al,!'? a total of 112
pregnant women with a family history of allergic diseases
received a mixture of Bifidobacterium bifidum, Bifidobacter-
ium lactis, and Lactobacillus acidophilus, starting at 4 to 8
weeks before delivery and continuing until 6 months after
delivery. The cumulative incidence of eczema during the first
12 months was reduced significantly in probiotic group; how-
ever, there was no difference in serum total IgE level or the sen-
sitization against food allergens between the 2 groups. Prenatal
and postnatal supplementation with a mixture of probiotics is
an effective approach in preventing the development of eczema
in infants at high risk of allergy during the first year of life.''?

In a randomized, double-blind trial by Dotterud et al,''?
probiotics were given to pregnant women in order to prevent
allergic disease. In this study, children from a nonselected mater-
nal population, women received probiotic milk or placebo from
36 weeks of gestation to 3 months postnatally during breastfeed-
ing. The probiotic milk contained LGG, Lactobacillus acidophi-
lus, and Bifidobacterium animalis. At 2 years of age, all children
were assessed for atopic sensitization, atopic dermatitis, asthma,
and allergic rhinoconjunctivitis. Probiotics given to nonselected
mothers reduced the cumulative incidence of atopic dermatitis
but had no effect on asthma or atopic sensitization.'"
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Of note, another recently published Swedish study demon-
strated that administration of Lactobacillus casei during wean-
ing significantly reduced the incidence of eczema, indicating
that proper timing of the probiotic intervention is a critical fac-
tor. This study also supports the notion that there is more than a
single window of opportunity to manage allergic diseases. This
study evaluated the effects of feeding with Lactobacillus F19
during the weaning period on the incidence of eczema and
Th1/Th2 balance. In this intervention trial by West et al,>*
infants were fed cereals with (n = 89) or without Lactobacillus
F19 (n = 90) from 4 to 13 months of age. The cumulative
incidence of eczema at 13 months was 11% and 22% in the pro-
biotic and placebo groups, respectively (P < .05). The higher
Th1/Th2 ratio in the probiotic compared with the placebo
group suggests enhancing effects of Lactobacillus F19 on the
T cell-mediated immune response. As a result, feeding Lacto-
bacillus F19 during weaning could be an effective tool in the
prevention of early manifestation of allergy such as eczema.>*

In a study by Lodinova-Zadnikova et al,''"* intentional colo-
nization of the intestine in the early postnatal period by oral
administration of probiotic Escherichia coli after birth was
found to decrease the incidence of allergies later in life (after
10 and 20 years).

Gerasimov et al*® conducted a study to assess the clinical effi-
cacy and impact of Lactobacillus acidophilus plus Bifidobacter-
ium lactis with fructo-oligosaccharide on peripheral blood
lymphocyte subsets in preschool children with moderate-to
severe atopic dermatitis. In a randomized, double-blj
placebo-controlled, prospective trial of 90 children ag
3 years with moderate-to-severe atopic dermatitis
treated with a mixture of probiotics for 8 weeks ver.
At the final visit, the percentage signifi ec n
SCORAD was 34% in the probiotic gro with
19% in the placebo group. Children receiyj T showed
a greater decrease in the mean SCO 1g than did chil-
dren from the placebo group administration
of a probiotic mixture and ride was associ-
ated with significant cling t in children with ato-
pic dermatitis, with co hocyte subset changes
in peripheral blood.*

In conclusion, here pro s were more likely to be
effective in treating moderately severe atopic dermatitis as well
as mild atopic disease. Although not every study result above
was significant, the effect of probiotics did not seem to be
greater just in the IgE-sensitized group than in the non-IgE-
sensitized group. Nevertheless, there have been several reports
in the literature showing no effect of probiotics, and these are
discussed the following sections.

No therapeutic or preventive effect of probiotics in atopic
dermatitis regardless of IgE sensitization. It is striking that the
proportion of children with atopic dermatitis and allergic
sensitization such as in the study of Huurre et al''> and Taylor
et al''® was significantly higher in the probiotic group. In the
trial by Taylor et al, probiotic supplementation postnatally
failed to reduce the risk of atopic dermatitis and increased the

risk of allergen sensitization in high-risk children. Newborns of
women with allergy (n = 231) received either Lactobacillus
acidophilus or placebo daily for the first 6 months of life. Chil-
dren were assessed for atopic dermatitis and other symptoms at
6 and 12 months and had allergen skin prick tests at 12 months
of age. At 6 and 12 months, atopic dermatitis rates were similar
in the probiotic and placebo groups. At 12 months, the rate of
sensitization was significantly higher in the probiotic group.
The presence of culturable Lactobacilli or Bifidobacterium in
stools in the first month of life was not associated with the risk
of subsequent sensitization or disease; however, the presence of
Lactobacillus at 6 months of age was associated with increased
risk of subsequent cow’s milk sensitization. Early probiotic
supplementation with Lactobagillus acidophilus did not reduce
the risk of atopic dermatiti hoh-risk infants and was asso-
ciated with increased allergeh¥ ization in infants receiving
supplements. There were 3 cnces between the study
by Taylor et al and thos rs. The type of probiotic
product (Lactobacy dopTiilus), the supplementation
period (1 year) as e timing of the introduction of the
probiotic wre di lor et al administered the probiotic
suppleme na > whereas other studies administered
after birth. Prenatal supplementation may
for the preventive benefit of probiotics in
The data from this study point in the same direc-
g allergic sensitization, suggesting that the use of
for primary prevention must be exercised with

116

n a double-blind, placebo-controlled multicenter trial by
an der Aa et al,''” 90 infants with atopic dermatitis, age <7
months, were randomized to receive an infant formula with
Bifidobacterium breve and a mixture of short chain galacto-
oligosaccharides and long-chain fructo-oligosaccharides, or the
same formula without synbiotics during 12 weeks. With
allergen-specific stimuli, they found a significantly decreased
IL-12p40/70 and IL-12p70 production in response to egg aller-
gen and decreased IL-12p70 production in response to peanut
allergen in the synbiotic compared with the placebo group. This
synbiotic mixture did not have detectable effect on plasma lev-
els of the analysed atopic disease markers, ex vivo cytokine
production and circulating Treg cell percentage in infants with
atopic dermatitis. They concluded that their results did not
support the use of this synbiotic in clinical practice.'’
Similarly, a randomized, double-blind, placebo-controlled
prospective trial by Kopp et al''® of probiotics for primary pre-
vention did show no clinical effects of LGG supplementation.
105 pregnant women from families with >1 member (mother,
father, or child) with an atopic disease were randomly assigned
to receive either the probiotic LGG or pacebo. The supplemen-
tation period started 4 to 6 weeks before expected delivery, fol-
lowed by a postnatal period of 6 months. The primary end point
was the occurrence of atopic dermatitis at the age of 2 years.
Secondary outcomes were severity of atopic dermatitis, recur-
rent episodes of wheezing bronchitis, and allergic sensitization
at the age of 2 years. Notably, children with recurrent (>5)
episodes of wheezing bronchitis were more frequent in the
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LGG group (26%), as compared with the placebo group (9%).
As a result, supplementation with LGG during pregnancy and
early infancy neither reduced the incidence of atopic dermatitis
nor altered the severity of atopic dermatitis in affected children
but was associated with an increased rate of recurrent episodes
of wheezing bronchitis.' % Furthermore, prenatal probiotic
LGG treatment during pregnancy was not associated with
reduced risk of eczema or IgE-associated eczema in a rando-
mized controlled trial by Boyle et al.”” The study by Griiber
et al''"® also did not show any effect for LGG in infants with
atopic dermatitis regardless of their IgE sensitization status.

However, a study from the Netherlands by Brouwer et al and
another study from Germany by Folster-Holst et al'*° showed
no effect of LGG in infants with atopic dermatitis regardless
of their IgE sensitization status. In a study conducted by
Brouwer et al,®® after 4 to 6 weeks of baseline and double-
blind, placebo-controlled challenges for diagnosis of cow’s
milk allergy, infants less than 5 months old with atopic derma-
titis received a hydrolyzed whey-based formula as placebo
(n = 17), or supplemented with either Lactobacillus rhamnosus
(n=17) or LGG (n = 16) for 3 months. No statistically signif-
icant effects of probiotic supplementation on SCORAD, sensi-
tization, inflammatory parameters or cytokine production
between groups were found. No clinical or immunological
effect of the probiotic bacteria used in infants with atopic der-
matitis.*” A similar prospective study by Folster-Holst et al'*
was performed to reassess the efficacy of orally administere
LGG in infants with atopic dermatitis. In a randomi
double-blind, placebo-controlled study, 54 infants age
55 months with moderate-to-severe atopic dermatitis
domized to receive LGG or to placebo during,an 8
vention phase. At the end of treatment there Sl
differences between the groups with respec
toms (SCORAD, pruritus, and sleep loss),4
meters, or health-related quality o
Additionally, Soh et al,'*' i i
infants with a family histo
supplementation (Bifidg
rhamnosus) in the firs
and evaluated the effects o a and atopic sensitization at
the age of 1 year. Early life inistration of a cow’s milk
formula supplemented with probiotics showed no effect on
prevention of eczema or allergen sensitization in the first year
of life in Asian infants at risk of allergic disease.'?!

In a very recent study by Gore et al,'?* it was investigated
whether dietary supplementation of infants with eczema at age
3 to 6 months with Lactobacillus paracasei or Bifidobacterium
lactis had a treatment effect or altered allergic disease progres-
sion. A total of 208 infants aged 3 to 6 months with physician-
diagnosed eczema were recruited. No difference was observed
in SCORAD scores between randomized and observational
groups. They found no benefit from supplementation with
Bifidobacterium lactis or Lactobacillus paracasei in the treat-
ment of eczema, when given as an adjunct to basic topical treat-
ment, and no effect on the progression of allergic disease from
age 1 to 3 years.'?

In conclusion, LGG was mostly used probiotic species in
these studies. First used by Kalliomiki et al** with a success,
other groups, including Brouwer et al,®” Boyle et al,”” Kopp
et al,''® Griiber et al,119 and Folster-Holst et al,'?° however,
could not demonstrate any benefit in atopic dermatitis. For
instance, Kopp et al have shown that the probiotic LGG has
no preventive effect on the development or the severity of ato-
pic dermatitis at the age of 2 years in a German population of
infants at high risk. Instead, there was a significantly higher
risk of >5 episodes with wheezing bronchitis during the first
2 years in the LGG group, as compared with placebo. There
were several methodological differences between these studies:
Kopp et al adapted the protocol of Kalliomdki et al and
continued to supplement LGQ@ for 3 months after birth to the
breast-feeding mothers an lowing 3 months only to the
neonates. This modificatio de to achieve a more
consistent probiotic delj nd, Finnish mothers
received supplementation ast 4 weeks of pregnancy,
whereas pregnant w; population commenced with
LGG or placebo eeks. They extended the prenatal
supplemengati cause a 4-week period is thought
to possib or suspected in utero effects of LGG
so, the population in this study by Kopp
risk compared with the Finnish population,
ccount for the differing results. And more infants
lings were recruited compared with the Finnish
stly, the Finnish and German populations are of
nt genetic background.

Food Allergy and Anaphylaxis

Since food allergies are thought to be central in the pathogen-
esis of atopic diseases, targeting the enteric mucosa, the pri-
mary route of food antigen contact and sensitization, with
probiotics might influence crucial mechanisms. There have
been also rare published human studies showing that oral
administration of Bifidobacterium or Lactobacillus strains
could alleviate the food allergy.'® Previous studies showed
that administration of the probiotic LGG to highly selected
food allergic patients (age <2 years, challenge-proven, and
mild-to-moderate eczema) significantly improved the eczema
score.” Studies in infants with eczema who received formulas
supplemented with LGG have shown benefit in decreasing gas-
trointestinal symptoms too.'*> However, because of scarcity of
clinical and experimental data in the literature, even allergen
nonspecific therapies including Chinese herbal therapy, anti-
IgE, probiotics, engineered lactic acid bacteria, and helminth
therapy have been investigated in recent years.'**!%>

Oral therapy with the probiotic mixture VSL#3 and
Lactobacillus casei strain Shirota (LcS) were able to reduce
anaphylactic symptoms in a food allergy model.'?®'?” The
therapeutic potential of VSL#3 probiotic mixture on specific
immune responses and anaphylactic reaction induced in mice
by the major food allergen shrimp tropomyosin was investi-
gated. Oral therapeutic administration of VSL#3 to shrimp
tropomyosin-sensitized mice significantly reduces symptom
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score and histamine release in the feces following allergen
challenge, as well as specific IgE response. Oral therapeutic
treatment with the probiotic mixture VSL#3 is effective in
redirecting allergen-specific Th2-polarized immune responses
toward Th1-Treg responses and in the protection against ana-
phylactic reactions induced by the allergen in a murine model
of food allergy.'?® In another study, Lactobacillus acidophilus
and Bifidobacterium lactis treatments prevented OV A-induced
allergic symptoms on the skin and gastrointestinal tract, for
example, eosinophilic infiltration.>®> Additionally, Lactobacil-
lus lactis decreased subsequent frequency of food allergy
symptoms thru reducing Th2 type immune response in neonatal
pigs as well as in mice. LL NCC 2287 significantly decreased
relative expression levels of the Th2 cytokines; and associated
chemokines eotaxin-1 and CCL17 (TARC) in the mice
ileum.'*® In a study; newborn pigs pretreated orally with
Lactobacillus lactis were hypothesized as protected against
allergy to ovomucoid. Pigs were assigned to 2 treatment
groups. Piglets were pretreated orally on days of age 1 to 7,
10, 12, 14, 21, 28, and 35 with Lactobacillus lactis (n = 30)
or medium (control, n = 32) and sensitized to ovomucoid by
intraperitoneal injection. Pigs were orally challenged with egg
white later and assigned scores for allergic signs. Clinical signs
and skin test positivity were significantly less frequent in the
Lactobacillus lactis group. Oral treatment of neonatal pigs with
Lactobacillus lactis significantly reduced subsequent fre-
quency of allergy to ovomucoid associated with reduce
type-2 immune response correlates hence supporting
“hygiene hypothesis” and potential use of Lactobacillu
as a neonatal immunoregulator.

These early results indicated that some prgbiotg
bacteria, such as LGG or Lactobacillus F19,
gic sensitization. As expected, several clinic
significant benefits by probiotics sup n
allergy prevention and management
on their effectiveness. Congistent
Lactobacillus casei and Bi
hydrolyzed formula did

veryone agree
mentation of
2 to extensively
w’s milk tolerance in
arly, LGG and Bifido-
bacterium animalis MBS nstrated by Finamore et al
to induce intestinal but not ic antigen-specific hypore-
sponsiveness in OVA-immunized rats.'*? LcS was also shown
not to decrease allergic response to peanut extract in Brown
Norway rats in a study by de Jonge et al.'** Moreover, a few
randomized controlled trials also showed no effects of probio-
tics, specifically LGG or Lactobacillus acidophilus, in protec-
tion against cow’s milk allergy in infancy.””-'*>'""-'2! Osborn
and Sinn'** reviewed 6 studies enrolling 1549 infants and
reported no other benefits of probiotics for food hypersensitiv-
ity as well.

Allergic Rhinitis

Perennial allergic rhinitis. Previous studies can suggested that
probiotic administration can have therapeutic and/or preventive
effects on atopic dermatitis in infants; however, its role in

allergic airway diseases remains controversial. Probiotic treat-
ment in patients with perennial allergic rhinitis and seasonal
allergic rhinitis showed clinical improvement in most of the
earlier published studies.'**'*® Moreover, the immunomodula-
tory activity of the probiotic mixture VSL#3, studied in the
mouse models of allergic sensitization with inhalants, pre-
vented the development of Parietaria major allergen-specific
local and systemic response when delivered intranasally.'?

The aim of a study by Peng and Hsu'?” was to evaluate the
efficacy of heat-killed Lactobacillus paracasei (LP33) in the
treatment of perennial allergic rhinitis induced by house dust
mite in 90 human subjects. The results suggest that heat-
killed LP33 can effectively improve the overall quality of life
for patients with allergic rhinijjs and that it may be efficacious
as an alternative treatment study, 12-month consump-
tion of fermented milk i Lactobacillus  casei
improved the health statu, with allergic rhinitis.
To examine whether long- mption of fermented milk
containing a specifj us casei may improve the
health status of children suffering from allergic
rhinitis a spective, double-blind, controlled
trial by was conducted in 187 children 2
hildren received for 12 months either fer-
ning Lactobacillus casei or placebo. Long-
tion of fermented milk containing Lactobacillus
onstrated to improve the health status of children
gic rhinitis.’*® The fermented milk prepared with
acillus gasseri TMC0356 was administered at 200 mL
day for 4 weeks to 15 subjects with high serum IgE levels
nd perennial allergic rhinitis. The serum total IgE concentra-
tion was significantly reduced after 28 days’ exposure to the
fermented milk compared with that before the intervention.
The serum IgE specific to Acari and those to Japanese cedar
pollen also significantly declined. Th1 cells in the composition
of their peripheral blood mononuclear cells significantly
increased after 14 and 28 days. These results of this study by
Morita et al'*® suggest that the fermented milk prepared with
Lactobacillus gasseri may alter serum IgE concentration, at
least partly by enhancement of Thl immune responses of the
subjects with high concentration of serum IgE. Another rando-
mized, double-blind, placebo-controlled study was conducted
by Chen et al'* on schoolchildren (age = 6-12 years) with
allergic rhinitis. The aim in this study was to determine whether
daily supplementation with specific Lactobacillus gasseri AS
for 8 weeks can improve the clinical symptoms and immunor-
egulatory changes in children having allergic rhinitis. The study
results showed the clinical symptom scores for allergic rhinitis
decreased in the probiotic-treated patients as compared to the
controls. Furthermore, there was a significant reduction in the
TNF-a, IFN-vy, IL-12, and IL-13 production by the peripheral
blood mononuclear cells following the probiotic treatment. The
researchers concluded that probiotic supplementation may have
clinical benefits for schoolchildren suffering from allergic air-
way diseases such as allergic rhinitis.'*’

The results of a study by Wang et al'*! suggest that ingestion
of Lactobacillus paracasei-33-fortified fermented milk for 30

38
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days can effectively and safely improve the quality of life of
patients with perennial allergic rhinitis, and can possibly serve
as an alternative treatment for allergic rhinitis. A halophilic lac-
tic acid bacteria, Tetragenococcus halophilus Th221, from soy
sauce Moromi, a mixture of Koji and salt solution, and showed
that it possesses an immunomodulatory activity that promotes
Thl immunity. To evaluate the antiallergic effects of Th221,
a randomized, double-blind, placebo-controlled study was per-
formed by Nishimura et al'** in 45 subjects with perennial
allergic rhinitis treated by oral administration of Th221 or a
placebo (15 subjects) for 8 weeks. According to the subjects’
diaries, significant improvements in sneezing and rhinorrhea
were observed during some periods in the high-dose group. The
change in serum total IgE improved significantly at the end of
the trial compared with the beginning in this group. Th221 was
thought to be expected to safely improve the symptoms of
perennial allergic rhinitis.'*?

The majority of the randomized controlled trials showed a
reduction in symptom severity and decreased use of relief med-
ications.*”'*® In addition, a meta-analysis by Vliagoftis'*
concluded that all the trials studied in children showed
improvement in clinical outcomes. A recent review by
Nogueira and Gongalves Mda'*® showed that probiotics, Lac-
tobacillus and Bifidobacterium appear to prevent allergy recur-
rences, alleviate the severity of symptoms and improve the
quality of life of patients with allergic rhinitis. However, a
meta-analysis evaluating 6 relevant studies also reported n
other benefits of probiotic use for any allergic disease.'**

Seasonal allergic rhinitis. PubMed was searched by
et al'* to identify randomized controlled trials th he
effects of probiotics on allergic rhinitis (n = an ed
controlled trials that studied the effects of p inis-
tration on the treatment but not the prevent ic rhini-
tis were selected for inclusion in this, ine of the 12
ical outcomes
ue to the use of
ed trials that studied
T symptom scoring and
medication use with the u biotics compared with pla-
cebo. Also, 5 of the 8 ra: ized controlled trials that
referred to seasonal allergic rhinitis suggested an improve-
ment in clinical outcomes. Probiotics may have a beneficial
effect in allergic rhinitis by reducing symptom severity and
medication use.'?

The study by Ivory et al™ was double-blinded, placebo-
controlled with 10 seasonal allergic rhinitis sufferers in each
group. Volunteers treated with LcS showed a significant reduc-
tion in levels of antigen-induced IL-5, IL-6, and IFN-y produc-
tion compared with volunteers supplemented with placebo.
Meanwhile, levels of specific IgG increased and IgE decreased
in the probiotic group. These data show that probiotic supple-
mentation modulates immune responses in seasonal allergic
rhinitis and may have the potential to alleviate the severity of
symptoms.'** Randomized, placebo-controlled, double-blind
studies of Lactobacillus plantarum No. 14 (LP14) in female

perennial allergic rhin

1144

students with seasonal allergic rhinitis were conducted. For
subjects who took LP14, a significant improvement in
symptom-medication score was observed.'*’

A double-blind, placebo-controlled study was conducted by
Kawase et al'*® to examine the effectiveness of LGG and
Lactobacillus gasseri TMCO0356 in alleviating Japanese cedar
pollinosis, a seasonal allergic rhinitis caused by Japanese cedar
pollen. Fermented milk prepared with the tested bacteria or
placebo yogurt was administered to 40 subjects with a clinical
history of Japanese cedar pollinosis for 10 weeks. Consumption
of milk significantly decreased the mean symptom score for
nasal blockage after 9 weeks and mean symptom-medication
scores after 9 and 10 weeks when compared with the placebo
prepared with LGG and
eficial in Japanese cedar

pollinosis because of its ef’

Intake of Bifidobacteriy,
relieved Japanese cedar
investigated the effg
longum BB536 i
In this ra i7¢

lotic strain Bifidobacterium
ent of Japanese cedar pollinosis.

#P 44 Japanese cedar pollinosis subjects
placebo for 13 weeks during the pollen
n of subjective symptom scores indicated
reases in rhinorrhea, nasal blockage, and compo-
the BB536 group compared with the placebo
536 tended to suppress the decreasing blood levels
-y and the increasing blood eosinophil rates; a signifi-
y higher IFN-y level was observed. BB536 tended to sup-
ress elevations of Japanese cedar pollen—specific IgE. These
results suggest the efficacy of BB536 in relieving Japanese
cedar pollinosis and eye symptoms, probably through the
modulation of Th2-skewed immune response.'*’

In addition; the effects of daily intake of Lactobacillus para-
casei strain KW3110 in patients with Japanese cedar pollinosis
were investigated by Yonekura et al'*® in 126 patients who
received strain KW3110 or a placebo in a double-blind study.
The study began 1 month before the start of the pollen season
and lasted for 3 months. A significant reduction of nasal symp-
toms and the serum level of eosinophil cationic protein and
improvement of quality-of-life scores occurred in the patients
who received KW3110 when pollen scattering was low.
However, the effects were limited during the peak period of
pollen scattering. Intake of KW3110 may reduce allergic
inflammation, but the effect is limited.'* Similarly; a mixture
with Lactobacillus rhamnosus GR-1 and Bifidobacterium ado-
lescentis was formulated into a yogurt and tested for its effects
in 36 subjects with seasonal allergic rhinitis over 2 pollen sea-
sons in a double-blind, placebo-controlled trial by Koyama
et al.'">° However, at the end of the grass pollen season, serum
IL-10 and IL-12 levels were increased in the probiotic group
compared to the controls. During the ragweed season, the
serum TGF- levels were significantly higher in the probiotic
group than in the controls. The novel probiotic formulation had
potentially desirable effects on the cytokine profile of patients with
seasonal allergic rhinitis, but provided few clinical benefits.'>
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Furthermore; one study suggests that fermented milk contain-
ing LcS does not prevent allergic symptoms in patients
sensitive to Japanese cedar pollen, although the addition of
the strain may delay the occurrence of allergic symptoms
in patients with moderate-to-severe nasal symptom.'”’

Allergic  rhinoconjunctivitis. Two randomized, placebo-
controlled, double-blind studies of Lactobacillus plantarum
No. 14 (LP14) in female students with seasonal allergic rhinitis
were conducted by Nagata et al.'*> For subjects who took
LP14, a significant improvement in ocular symptom-
medication score was observed.'** Another study investigated
the effects of probiotic strain Bifidobacterium longum BB536
in the treatment of Japanese cedar pollinosis. In this rando-
mized, double-blind, placebo-controlled trial by Xiao et al,'*’
44 Japanese cedar pollinosis subjects received BB536 or
placebo for 13 weeks during the pollen season. Comparison
of subjective symptom scores indicated significant decreases
in composite scores in the BB536 group compared with the pla-
cebo group. BB536 tended to suppress elevations of Japanese
cedar pollen—specific IgE. These results suggested the efficacy
of BB536 in relieving Japanese cedar pollinosis and eye symp-
toms, probably through the modulation of Th2-skewed immune
response.'*” However, 47 children with birch pollen allergy
were randomized by Ouwehand et al'>* in a study to receive
either a probiotic combination of Lactobacillus acidophilus
NCFM and Bifidobacterium lactis or placebo in a double
blind manner for 4 months, starting prior to onset of the bi
pollen season. Fewer subjects in the probiotic group r
runny nose, nasal blocking and had infiltration of eqggai
in the nasal mucosa compared to the placebo,gro
eye symptoms tended to be slightly mor
probiotic group during May, this study in
reduced nasal symptoms.'>?

Asthma

ory for the origins of
disease, proposes that
environmental stimuli i developmental pathways
during critical periods of pr and postnatal development,
inducing permanent changes in metabolism. In a recent article,
evidence for the perinatal programming of asthma via the
intestinal microbiome was presented. While epigenetic
mechanisms continue to provide new explanations for the pro-
gramming hypothesis of asthma development, it is increasingly
apparent that the intestinal microbiota plays an independent
and potentially interactive role.'>® Some researchers also
demonstrated that LGG may exert beneficial effects on the
development of experimental allergic asthma, when applied
in a very early phase of life. For example, in one study, perina-
tal maternal application of LGG suppressed allergic airway
inflammation in mouse offspring. Additionally, in these off-
spring that were supplemented with maternal LGG, the allergic
airway and peribronchial inflammation, as well as goblet cell
hyperplasia, were significantly reduced.'>* In another mouse

Perinatal programming
some diseases such a

model, the administration of either Bifidobacterium-12 or LGG
suppressed all aspects of the asthmatic phenotype, including
airway reactivity, antigen-specific IgE production and pulmon-
ary eosinophilia.'>> A few other studies showed the following:
Intranasal administration of Lactobacillus plantarum sup-
pressed antigen induced Th1 and Th2 immune responses in Der
pl-sensitized animals.”® Co-application of Lactobacillus lactis
and Lactobacillus plantarum with the major birch pollen aller-
gen (Bet v1) caused suppression of allergen-induced basophil
degranulation.'”® Oral administration with Lactobacillus
gasseri attenuated major characteristics of allergen-induced
airway inflammation and IL-17 pro-inflammatory immune
response in a mouse model of allergic asthma, which may have
clinical implication in the preygntive or therapeutic potential in
allergic asthma.'>” Zhang ¢ onclude that the oral admin-
istration of Enterococcus -23 suppresses the asth-
matic response and that thy ed with attenuation of
Th17 cell development. ing systematic study was
performed by Au on the disease-modifying
effects of a set or synthetic TLR agonists using
’A-induced asthma and spontaneous
tes, presenting the same genetic back-
ese diabetes mouse that is highly suscep-
ogies. In these same models, the effect of
s also investigated. Probiotics which stimulate

ent from both allergy and autoimmunity when admi-
d parenterally was demonstrated. These results indicated
the TLR-mediated effects involve immunoregulatory cyto-
ines such as IL-10/TGF-f and different subsets of Treg cells,
notably CD4+/CD25+/FoxP3+ cells for TLR-4 agonists and
NKT cells for TLR-3 agonists. These observations demon-
strated that systemic administration of TLR ligands can sup-
press both allergic and autoimmune responses.”® Finally, oral
administration of live Lactobacillus reuteri attenuated major
characteristics of an asthmatic response, including airway eosi-
nophilia, local cytokine responses, and hyperresponsiveness to
methacholine in a mouse model concerning allergic airway
inflammation.”>'>

In a study by Lue et al,'® the aim was to compare the clin-
ical efficacy of levocetirizine with that of levocetirizine plus
Lactobacillus johnsonii EM1 for treating perennial allergic
rhinitis in children. Sixty-three children aged 7 to 12 years
fulfilled the entry criteria for the study and had moderate to
severe perennial allergic rhinitis of at least lyear’s duration.
The effects of the 2 regimens were compared using the Pedia-
tric Rhinoconjunctivitis Quality of Life Questionnaire and the
total symptom score from diary cards. After the first 4 months
of treatment, total symptom score in both groups had improved
progressively. Forced vital capacity and forced expiratory vol-
ume in 1 second were improved significantly in both groups at
weeks 8 through 24, but there was no significant difference
between the 2 groups.'®® A recent study in asthmatic children
showed that the interactive treatment by acupuncture and
probiotics has a beneficial clinical effect on bronchial
hyperreactivity and it might be helpful in the prevention of
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acute respiratory exacerbations.'®" Similarly; a randomized,
double-blind, placebo-controlled study was conducted by Chen
et al'*° on schoolchildren (age = 6-12 years) with asthma. The
aim in this study was to determine whether daily supplementa-
tion with specific Lactobacillus gasseri A5 for 8 weeks can
improve the clinical symptoms and immunoregulatory changes
in children having asthma. The study results showed the pul-
monary function and peak expiratory flow rate increased sig-
nificantly, and the clinical symptom scores for asthma
decreased in the probiotic-treated patients as compared with the
controls. Probiotic supplementation seemed to have clinical
benefits for schoolchildren suffering from allergic airway dis-
eases such as asthma.'*® Consistently, to examine whether
long-term consumption of fermented milk containing a specific
Lactobacillus casei may improve the health status of preschool
children suffering from allergic asthma a randomized, prospec-
tive, double-blind, controlled trial by Giovannini et al'3® was
conducted in 187 children 2 to 5 years of age. The children
received for 12 months either fermented milk containing Lac-
tobacillus casei. Long-term consumption of fermented milk
containing Lactobacillus casei did not have any effect in asth-
matic children.'*® In a study allergy in marathon runners and
effect of LGG supplementation on allergic inflammatory mar-
kers was investigated by Moreira et al.'®* A total of 141 Finnish
marathon runners were also randomized to receive either LGG
or placebo during the 3 months of the pollen season prior to the
marathon. LGG supplementation did not prevent the increas
of allergic markers, for example, serum eosinophilic cati
protein or total IgE during the pollen season, or the eosin
induced by the marathon.'®* A prospective double-blj
by Rose et al'® randomly assigned 131 children
months) with at least 2 wheezing episodes
family history of atopic disease to 6 month
rhamnosus or placebo. Fewer sensitizatio 1
acroallergens after 6 months of LG
follow-up. In young children wj
pic family history, oral LG#
dermatitis or asthma-re
allergic sensitization. '
at studying the effect of p reatment during the first 6
months of life on airway in ation at the age of 5 years.
In a randomized double-blind allergy prevention trial between
2000 and 2007 in Helsinki, Finland, they gave a probiotic com-
bination, plus prebiotics, or placebo, to 1018 children during 6
months from birth. Early intervention with probiotics and pre-
biotics did not affect airway inflammation even later in child-
hood.'®* Correspondingly, in another study, adolescents
suffering from pollen allergy did not benefit from LGG
administration.'®

Furthermore, Osborn and Sinn'** reviewed 6 studies and
reported no other benefits for any other allergic disease.
PubMed was searched by Vliagoftis et al'* to identify rando-
mized controlled trials that studied the effects of probiotics on
asthma (n = 4). Randomized controlled trials that studied the
effects of probiotics administration on the treatment but not the
prevention of asthma were selected for inclusion in this review.

cillus
toward
r 6 months of
eze and an ato-
effect on atopic
d only mild effects on
kkonen et al'®* aimed

The randomized controlled trials that studied the effect of pro-
biotic administration on the treatment of asthma showed no
positive effects. This review concluded that trials of the effects
of probiotics on asthma are few and show inconsistent results,
and thus a decision on the benefits of probiotics cannot be
reached, although some positive experimental evidence from
animal studies suggest the need for further investigation.'>?

The Role of Probiotics in the Prevention and
Treatment of Autoimmune Diseases

In this part of the article, the role of probiotics in the prevention
and treatment of mainly 4 autoimmune diseases, including
rheumatoid/spondylo-arthritisgtype 1 diabetes, multiple sclero-
sis, and inflammatory bowg gase are discussed in light of
recent literature. The varidus of different probiotic
i crucial clinical trials

clinical study evaluated the long-term
on symptoms of rheumatoid arthritis.
atients with rheumatoid arthritis were rando-

S. Rheumatoid arthritis activity was reduced in 71%
tents in the LGG group versus 30% of patients in the pla-
0 group. Although there were no statistical differences in
inical or biochemical parameters, more patients in the LGG
group reported a greater feeling of well-being.'®® Furthermore,
the effects of an orally administered probiotic LGG on sulfasa-
lazine metabolism in individuals with rheumatoid arthritis were
studied in a preliminary study. Even though there were also no
statistical significant differences in the activity of rheumatoid
arthritis, more subjects in the LGG group reported subjective
well-being.'®’

In another pilot study, patients with rheumatoid arthritis
who received Bacillus coagulans experienced significant
improvement in the pain, greater improvement in patient global
assessment, patient self-assessed disability, and reduction
in total CRP. This randomized, double-blind, placebo-
controlled, parallel-design, clinical pilot trial was conducted
by Mandel et al'®® to evaluate the effects of the lactic acid bac-
teria probiotic preparation, Bacillus coagulans GBI-30, 6086,
on symptoms and measures of functional capacity in patients
with rheumatoid arthritis in combination with pharmacological
anti-arthritic medications. Forty-five adult men and women
with symptoms of rheumatoid arthritis were randomly assigned
to receive Bacillus coagulans or placebo once a day in a
double-blind fashion for 60 days in addition to their standard
antiarthritic medications. Compared with placebo, Bacillus
coagulans treatment resulted in greater improvement in patient
global assessment and self-assessed disability; reduction in
CRP; as well as the ability to walk 2 miles, reach, and
participate in daily activities. Results of this pilot study suggest



142

Journal of Evidence-Based Complementary & Alternative Medicine 18(2)

Table 3. Probiotic Effects in Essential Clinical Autoimmune Disease Trials.

Reference Disease Probiotics Assessment Outcome
Human clinical arthritis trials
Hatakka et al'®® RA LGG Clinical-biochemical parameters, /7
disease activity/well-being
Lee et al'®’ RA LGG Disease activity/well-being e/7
Mandel et al'¢® RA Bacillus coagulans Inflammation, disease activity l
Pineda et al'®’ RA Lctbs rhamnosus + Lctbs Clinical-biochemical parameters L)
reuteri (ACR20)/functional improvement
Garrett et al'’° Spondyloarthritis Probiotic Disease activity g
Jenks et al'”' Spondyloarthritis Probiotic Disease activity A
Human clinical autoimmune (T diabetes) trials
Ljungberg et al'® IDDM Probiotic T1 diabetes-associated autoantibodies
Rozanova et al' 74 IDDM Probiotic Severity of T| diabetes l
Human clinical inflammatory bowel disease trials
Ulcerative colitis
Bibiloni et al'”’ Active UC VSL3# Disease activity l
Rembacken et al'”® Active UC Escherichia coli Nissle 1917 Inflammation, f/induction A
Matthes et al'®° Active UC Escherichia coli Nissle 1917 A
Kato et al'®' Active UC BbY + Lctbs acidophillus !
Ishikawa et al'®? Active UC Bfdbm !
Venturi et al'® UC maintenance VSL3# l
Ishikawa et al'®? UC maintenance Bfdbm breve, Bfdbm bifidum exacerbations l
Lctbs acidophilus
Zocco et al'® UC maintenance LGG isease activity A
Naidoo et al'® UC maintenance Various Remission And
Crohn’s disease
Malchow et al'® Active CD Escherichia coli Inducing remission A
Schultz et al'®’ Active CD LGG Inducing remission o
Guslandi et al'8® CD maintenance Saccharo Maintenance of remission T
Bousvaros et al'®’ CD maintenance LGG Maintenance of remission L
Prantera et al'* CD maintenance LG Maintenance of surgically induced g
remission
Van Gossum et al'®' CD maintenance nii LAI Maintenance of surgically induced T
remission
Marteau et al'?? CD maintenal LctbS johnsonii LA Maintenance of surgically induced i
remission
Campieri et al'” Ch, SL#3 Maintaining surgically induced remission T
Human clinical multiple sclerosis trials
Kidd et al'”® Various Dysbiosis and disease activity l
Fleming et al'”® Trichuris suis Exploratory magnetic resonance !

imaging, immunological assessments
and disease activity

Abbreviations: Bfdbm, Bifidobacterium; Lctbs, Lactobacillus; BbY, Bfdbm breve strain Yakult; LGG, Lactobacillus GG; VSL#3, a mixture of 4 species of lactobacilli,
3 species of bifidobacteria, and Streptococcus thermophilus; CD, Crohn’s disease; UC, ulcerative colitis; RA, rheumatoid arthritis; IDDM, T diabetes, insulin-
dependent (autoimmune) diabetes mellitus; |, decreased in severity of disease; T, increased in severity of disease; <, no effect on severity of disease.

that adjunctive treatment with Bacillus coagulans appeared to be
a safe and effective for patients suffering from rheumatoid
arthritis.'® A 3-month double-blind, placebo-controlled study
was performed by Pineda et al'® using probiotic Lactobacillus
rhamnosus GR-1 and Lactobacillus reuteri RC-14 capsules
administered orally in 29 patients with rheumatoid arthritis.
Inclusion criteria required at least 4 swollen and 4 tender joints
and stable medications with no steroids for at least 1 month prior
to and during the study. Fifteen patients were randomized to the
probiotic group and 14 to the placebo group. Three subjects in

the probiotic (20%) and one in the placebo group (7%) achieved
an American College of Rheumatology 20 (ACR20) response
(P = .33). There was no statistically significant difference
between individual components of the ACR20 criteria. There
was a significant improvement in the Health Assessment Ques-
tionnaire score in the probiotic group from visit 1 to visit 3, but
no between-group differences. Although probiotics did not clini-
cally improve rheumatoid arthritis as measured by the ACR20, it
is interesting that there was functional improvement seen within
the probiotic group compared to placebo.'®



Ozdemir

143

Nonetheless, in another randomized controlled trial, 63
patients with active spondyloarthritis (enteropathic periph-
eral arthropathies) were randomized to oral probiotic (n =
32) or placebo (n = 31) for 12 weeks. No significant differ-
ence was noted between groups in any of the core domains
(pain, spinal mobility, patient global, peripheral joint and
entheseal scores, stiffness, CRP, and fatigue).”o Similarly,
in a randomized controlled trial by Jenks et al,'”" the pro-
biotic combination administered did not demonstrate signif-
icant benefit over placebo, despite a theoretical rationale for
this therapy.

Probiotic Effect in Human Clinical Type | (Autoimmune)
Diabetes Mellitus Trials

The feature of immune-mediated type 1 diabetes mellitus is
T cell-mediated destruction of the insulin-producing B-cell in
the islets, which results from an imbalance between disease
promoting factors and protective elements. The particular
mechanisms of B-cell destruction leading to diabetes remain
still unclear.'” However, the interest and scope for research
in the field of probiotics has significantly widened in recent
years. In a recent study, the aim was to assess the feasibility
of a dietary intervention trial with weaning to casein hydro-
lyzed formula in infants at increased risk of type 1 diabetes
mellitus and to study the effect of the intervention on the emer:
gence of type 1 diabetes mellitus-associated autoantibodie
early childhood. The cumulative incidence of autoanti
was somewhat smaller in the casein hydrolyzed versy,
trol formula group. This study provided the figst evg

manipulate spontaneous B-cell autoimmunit
vention in infancy.'”

After this dietary interventional e
ary manipulative pilot study g

another diet-
iotics for the
n at genetic risk
aed and it included 200
diabetes mellitus. This
study was planned to sho r the use of probiotics dur-
ing the first 6 months of life fe and feasible and to deter-
mine whether the use of probiotics during the first 6 months of
life decreases the appearance of type 1 diabetes mellitus—
associated autoantibodies. However, the prevalence of auto-
antibodies among the study subjects at 6, 12, and 24 months
of age was at levels close to the expected and the clinical
follow-up did not either indicate problems in the feasibility
of the study.'”

A recent article by Rozanova et al'’* also draws attention
to a case illustrating an association between the severity of
type 1 diabetes mellitus and disorder in the intestinal micro-
biocenosis (microflora). The authors thought that clinical
signs of disbacteriosis are mostly manifested by distur-
bances in the metabolic processes. Clinical effectiveness
of probioticotherapy in the complex treatment of the disease
was shown in this study.'’”

Probiotic Effect in Human Clinical Multiple Sclerosis
Trials

Much of the epidemiological data in multiple sclerosis is
consistent with a role for diet in its initiation, exacerbations,
or progression. Some of the dietary factors contributing to the
worsening of multiple sclerosis include a high animal-fat diet;
food allergies/intolerances; and digestive malfunctions, includ-
ing malabsorption and dysbiosis. Gut malabsorption and dys-
biosis can be corrected using probiotics. Although there is no
known clinical data on the use of probiotics in multiple sclero-
sis patients, probiotics might have an indirect effect in multiple
sclerosis thru correcting dysbiosis.'”

Probiotic treatment strategy based on the hygiene hypoth-
esis, such as administration from the nonpathogenic hel-
minth, Trichuris suis (T recently proven safe and
effective in inflammatory e. To study the safety
and effects of TSO in a di mmune disease, multiple
sclerosis, the phase L nduced immunomodulatory
therapy” study w ted by Fleming et al.'’® Five sub-
jects with gewly of8#l, treatment-naive relapsing—remit-
ting multj e ere given 2500 TSO orally every 2
weeks fo s in a baseline versus treatment control
explor: he mean number of new gadolinium-
en gnetic resonance imaging lesions (n-Gd+) fell
fro aseline to 2.0 at the end of TSO administration,

d ths after TSO was discontinued, the mean number
d+ rose to 5.8. In preliminary immunological investiga-
, increases in the serum level of the cytokines IL-4 and
-10 were noted in 4 of the 5 subjects. TSO was well tolerated
in the first human study of this novel probiotic in multiple sclero-
sis, and favorable trends were observed in exploratory magnetic
resonance imaging and immunological assessments.'”®

Probiotic Effect in Human Clinical Inflammatory Bowel
Disease Trials

Studies on the use of probiotics in the treatment of noninfec-
tious inflammatory bowel disease found that 4 strains of Lacto-
bacillus and 1 strain of Streptococcus were effective in
maintaining remission of ulcerative colitis and reducing the
postoperative recurrence of Crohn’s disease. In the randomized
controlled trials, 12 of 16 ulcerative colitis but only 2 of
Crohn’s disease trials of probiotic therapy were successful.
No superiority of any probiotic was clearly evident, but a
multiagent mixture, VSL3# may be better suited in ulcerative
colitis.'”” Studies of probiotics, for example, LGG in Crohn’s
disease, have been disappointing, and a recent Cochrane
systematic review has concluded that their use could not be
recommended on the available evidence.'”®

Ulcerative Colitis

Probiotics to treat active ulcerative colitis. In a study comparing
the effect of probiotic Escherichia coli Nissle 1917 versus
mesalamine on induction of remission in ulcerative colitis, both
groups had similar time to remission, demonstrating equal
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efficacy of treatments. Consistently, several controlled trials
have demonstrated that Escherichia coli Nissle 1917 has simi-
lar efficacy to conventional mesalazine treatment with fewer
side effects.!” Efficacy of direct delivery of the probiotic to the
colon with Escherichia coli Nissle 1917 enemas in left-sided
ulcerative colitis has been demonstrated.'°

In an open-label trial, VSL#3 was added to current regimen
for patients who had failed to respond to conventional therapy
for active ulcerative colitis. Addition of VSL#3 for 6 weeks led
to either remission or response in 77% of patients as measured
by the disease activity index.'””

Active ulcerative colitis was treated successfully with fer-
mented milk including BbY (Bifidobacterium bifidum strain
Yakult) and a Lactobacillus acidophillus strain.'®' A recent
clinical trial demonstrated that treatment of patients with Bifi-
dobacterium fermented milk compared with placebo leads to a
significant decrease in a clinical activity index score and a sig-
nificant decrease in endoscopic and histological scores after 12
weeks of treatment.'®?

Probiotics as maintenance therapy in ulcerative colitis. Treatment
with VSL#3 to maintain remission in ulcerative colitis was
found to be only 4 of 20 patients had experienced relapse at
the end of the study.'®® Several studies examining the use
of lactobacilli or bifidobacteria as maintenance treatment
in ulcerative colitis have demonstrated conflicting results.
Ishikawa et al'®? have demonstrated a reduction in the num
ber of disease exacerbations in a group of Japanese pati
receiving fermented milk containing Bifidobacterium
Bifidobacterium bifidum, and Lactobacillus acidophj
pared with placebo. However, this clinical Jben
found to be associated with an increas
remission or endoscopic improvement in
Another open-label trial showed that
, or in combi-
1 efficacy to
mesalamine alone.'®*

In a Cochrane review,
tives were to determiné ol safety of probiotics for
the maintenance of remissi8 erative colitis. Four studies
(n = 587) met the inclusion @@#f€ria and were included in the
review. Three trials compared probiotics with mesalazine and
one trial compared probiotics with placebo. The studies ranged
in length from 3 to 12 months. There was no statistically signif-
icant difference between probiotics and mesalazine for mainte-
nance of remission in ulcerative colitis. Relapse was reported in
40% of patients in the probiotics group compared to 34% of
patients in the mesalazine group. A small placebo-controlled
trial (n = 32) found no statistically significant difference in
efficacy. Seventy-five percent of probiotic patients relapsed
at 1 year compared with 92% of placebo patients. Given the
relatively small number of patients in the pooled analysis, the
small number of events and the high risk and unclear risk of
bias in the included studies, there is insufficient evidence to
make conclusions about the efficacy of probiotics for mainte-
nance of remission in ulcerative colitis.'®>

Crohn’s Disease

Probiotics to treat active Crohn’s disease. Previous 2 studies
with Escherichia coli Nissle 1917 and LGG had evaluated
probiotics in active Crohn’s disease patients, but neither study
has demonstrated convincing efficacy, in part because of small
numbers of patients.'®® A recent double-blinded placebo-
controlled trial randomized 11 patients with active Crohn’s dis-
ease to receive either LGG or placebo. There was no difference
in the rate of inducing remission for 6 months between the 2

178,187
groups. '

Probiotics to maintain remission in Crohn’s disease. Evidence for
use of probiotics as maintenance therapy in Crohn’s disease is
not persuasive, with only a coyple of studies reporting positive
results. A study comparing sharomyces boulardii + anti-
biotic + mesalazine with
relapses in the former grouy

blind study compagg sus placebo in addition to

by in a group of 75 children. These
Phedically induced remission.'®’

udies have been performed to analyze the
s on maintaining surgically induced remis-
udies using LGG have not confirmed the effec-

induced remission.'”® Another clinical trial using
ent with LGG after surgical resection failed to show pre-
ion of early endoscopic recurrence when compared with
acebo. One study suggested modest but not significant
improvement in recurrence rates of patients after surgical
resection of diseased bowel by Lactobacillus johnsonii
LA1."" However, 2 randomized double-blind placebo-
controlled studies have reported no effect of Lactobacillus
johnsonii LA1 in preventing recurrence of Crohn’s disease
patients in surgically induced remission.'”* Finally, Campieri
et al'”® have shown benefit of VSL#3 in preventing postopera-
tive recurrence in 40 patients randomized to 3 months of rifax-
imin followed by 9 months of VSL#3 or to 12 months of
mesalazine.

Conclusion

As mentioned above, there is a large amount of conflicting data
on the preventive/therapeutic effects of probiotics in atopic and
autoimmune diseases. Results from meta-analyses and sys-
tematic reviews that combine results of studies from different
types of probiotics to examine the effects in any disease should
be interpreted with caution. There are also difficulties of
recognizing etiology and pathogenesis of both conditions from
atopic dermatitis to inflammatory bowel disease in which have
many mechanisms involved. Similarly, with various strains,
especially LcS, stimulation of Thl-mediated immune
responses has been described as an unwanted effect. Addition-
ally, if probiotics are used in patients with atopic or
autoimmune  diseases for any reason—therapy or



Ozdemir

145

prevention—cautionary approach ought to be taken.' 3 Any pro-
biotic should not be used especially in immune-compromised
children. Thus, probiotics cannot be recommended generally
for primary prevention of these diseases. Following the guide-
lines in the literature, Bifidobacteria, particularly Bifidobacter-
ium lactis, has a uniquely strong safety profile, making it a
good probiotic candidate for newborns and young infants.>>
Finally, there is still insufficient but fairly promising evidence
to recommend the addition of probiotics to foods for prevention
and treatment of atopic/autoimmune diseases.
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