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Abstract
Probiotics are beneficial bacteria living in the microbiota ecosystem of the human body playing
particular important roles in human health. The increasing rate of various diseases and the
studies about the balance of gut microbiome made scientists trying to find novel therapies in
this regard and hypothesize the relationships between the imbalance of gut microbiome and
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spread of various diseases especially in the immune system. Previous studies have indicated that
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when administrated in specific amounts, probiotics exert beneficial properties for human health
Published online 30 Septemeber 2020
such as antibacterial effects, cytotoxic effects, Hypocholesterolemic effects, immunomodulatory
effects, wound healing effects etc. Probiotics also are known to produce nourishing healthy
supplements for the human body such as vitamin K and B as well as healthy fatty acids. In this
regard summarization of scientific evidence may help to familiarize the scientists with this novel
area of research helping to find effective therapies for various disease. In this study, we used
published literature in scientific databases such as Web of Science, Cochrane Library, Medline,
PubMed, Science Direct, Scopus, as well as Google Scholar for data collection. So, the present
review describes scientific-based evidence about probiotics and some of their beneficial effects
to highlight the path for further researches about these beneficial bacteria.
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Introduction
The word ‘probiotic’ derived from a
Greek background means “for life” which
is attributed to the non-pathogenic
microorganisms associated with the
beneficial effects for mankind and
animals. If we want to introduce the
term probiotics, we can say probiotics are
some live strains of bacteria that when
administrated in adequate amounts exert
beneficial effects on the host. Prebiotics
are substances that promote the growth
of probiotic bacteria playing a vital role
in the modulation of gut microbiome.
Synbiotic is a combination of probiotics
and prebiotics.1,2 The term probiotic was
first introduced by Vergin when he was
studying the effects of microbial substances
on the intestine microbial population and
also first was used by Lilley and Stillwell to
introduce some kinds of microorganisms
based products, stimulating the growth
of another.3,4 At present, the most used

definition for probiotics is that of Fuller:
living microbial feed supplements
beneficially affecting the host by
contribution to intestinal microbial
community balance playing a vital role in
health maintenance.5,6 Probiotics consist
mostly strains of the genera Bifidobacterium
and Lactobacillus, additionally, strains of
Pediococcus, Bacillus and some yeasts can
be introduced as suitable candidates. These
strains together play important roles in the
protection of the host against pathogen
microorganisms, the host’s immune system
strength, and the persistence of the intestinal
microbial balance.5 Recently remarkable
research efforts confirm the significant
importance of the microbial population of
the gastrointestinal tract (GIT) revealing
the great importance of probiotics.7 Recent
pieces of research have expressed some
kinds of beneficial effects for probiotics
including antibacterial effects, modulation
of the immune system, wound healing,
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cytotoxic effects, antitoxin effects, hypocholesterolemic
effect, effects on dermal and oral health, modulation
of the gut-brain axis, and also promising effects on the
Helicobacter pylori (HP) infection, ulcerative colitis,
Crohn’s disease, parasitic infections, irritable bowel
syndrome (IBS), and other bowel diseases in addition
to dental and periodontal diseases as well as halitosis.
Nowadays, properties such as treatment of lactose
intolerance and simplifying rotavirus diarrhea are widely
accepted for probiotics too. Atopy an allergic reaction is
said to be relieved using the consumption of probiotics.8-14
Based on in vitro studies probiotics originally act
through different mechanisms including modifying
the microflora as antimicrobial agents, secretion of
antibacterial products, rivaling with pathogens to attach
the adhesion sites which is presented on the intestinal
epithelium, competition for necessary nutrient substances
for pathogens survival, production of antitoxin substances
and relieve of some alterations induced by infection in
the intestinal epithelium including neutrophil migration
as well as secretory changes.15,16 Probiotics have also
exhibited anticancer effects. Beneficial effects of the
probiotics may proceed beyond the GIT to the urogenital
and respiratory mucosa.17 Some kinds of proteins
produced by probiotics can inhibit inflammation and
reduce epithelial cells apoptosis,18,19 for instance, some
kinds of DNA extracted from probiotics can reduce the
colitis induced complications in several in vivo models.
The bacteria can also be programmed for antigen
delivery.20,21
After the inception of the golden era of antibiotics in
1928, the field of medicine underwent a huge alteration
due to increment of life expectancy in addition to the
improvement of human life quality as well as decreasing
the mortality rate throughout the world.22 But the
development of antibiotics caused major problems
including disruption of the gut bacterial ecosystem
leading to extensive effects such as superinfection
and drug resistance. So, it is more reasonable to find
agents with low side effects helping antibiotics as an
adjuvant or alternative medicine to cover all undesirable
effects induced by antibiotic therapies.23 So, the present
investigation aims to make an update to past researches
for providing convincing evidence about some desirable
properties of probiotics on the health status of the human
being.
Methods
To perform this review, the available data about the
probiotic bacteria, efficacy in different pathological
conditions, most available and studied strains until
September 06, 2020 was used. Scientific databases
including Web of Science, Cochrane Library, Medline,
PubMed, Science Direct, Scopus, and Google Scholar were
used for data collection. The search keywords included
probiotics, lactobacilli, Bifidobacterium, pharmacological

properties, immunomodulation, antibacterial, diarrhea,
atopic dermatitis, cancer, IBS, Helicobacter pylori, which
combination of them were used. Overall, 300 articles
from 1975 until 2019 were obtained of which 272 were
used in our study. The inclusion criteria for studies were
being English language and the accessibility to full text.
Microorganisms Considered as Probiotics
The number of microorganisms with probiotic
characteristics is large, but some of them are more
important including Lactobacillus, Bifidobacterium, and
Streptococcus, that present in the novel yoghurt-like
commodities.24-26 It has been revealed that probiotics
have been used for thousand years and thought to have
beneficial effects, but in 1900s scientists started to explore
the reasons for these beneficial effects. So far Several
strains of bacteria known to be probiotics, for instance:
Biﬁdobacterium, Lactobacillus, Pediococcus, Leuconostoc,
and Enterococcus, but the main species that possess
probiotic properties are Biﬁdobacterium spp. Lactobacillus
acidophilus, and L. casei. Consumption of dairy products
containing the genera Lactobacilli and Biﬁdobacterium
which are also found in the gastrointestinal microﬂora
has great beneficial health effects. So far, some pieces
of literature have documented the desirable effects of
probiotics, for instance, L. rhamnosus GG(ATCC 53103),
L. johnsonii La1, L. acidophilus (NCFB 1478), L. casei
Shirota, Bifidobacterium animalis Bb12 and L. reuteri as
probiotics with beneficial effects.26
Lactobacilli
First isolated from a human source, L. acidophilus a grampositive and homofermentative, microorganism with the
bacteriocins belonging to class II a. This is the most widely
considered organism for dietary use. L. acidophilus inhabit
in a wide variety of environments from dairy products
to GIT.27-29 This microorganism ferments the sugar and
produces lactic acid using the Embden Meyerhof-Parnas
pathway. 30
The word homofermentative refers that L. acidophilus
utilizes glycolysis pathway to ferment hexoses leading
to the production of D and L-lactic acids while
heterofermentatives follow the phosphoketolase pathway
to ferment hexoses and pentoses.31 L. acidophilus
can ferment various carbohydrates such as fructose,
galactose, lactose cellobiose, amygdalin, maltose, glucose,
stachyose, but mellibiose, raffinose, melezitose, mannitol,
and arabinose are the kinds of carbohydrates that can’t
be fermented by this microorganism. Some strains of
L. acidophilus have the ability to ferment mannitol,
fructooligosaccharides, and inulin.32 L. acidophilus has a
desirable rate of survival after even 21 days of storage in
dairy products including milk and acidified milk which
propose this microorganism as a favorable option for the
production of dairy probiotic supplements.33 L. acidophilus
is isolated from many fermented foods such as yoghurt
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and can produce high amounts of lactic acid.30 One of the
important aspects about L. acidophilus is its antimicrobial
resistance. Some studies have demonstrated that L.
acidophilus has the genes associated with antimicrobial
resistance and the ability to spread among other species
and bacteria colonized in the GIT.34
So far, many studies have indicated the desirable and
promising effects of Lactobacillus for the treatment of the
diseases associated with diarrhea.35 The published data
and other pieces of evidence revealed the effectiveness of
Lactobacillus on health.36 Drinking yoghurt fortified with
L. acidophilus reduced the cholesterol up to 7 percent
in comparison to the ordinary yoghurts.37-39 It has been
expressed that a combination therapy containing L.
acidophilus and other probiotics reduce the diarrhea
induced by radiotherapy in cancer patients.40 The data
obtained about the Lactobacillus as a probiotic is making
promising evidence for beneficial properties of this
bacteria, but obviously, more investigations are needed.
Bifidobacterium
Bifidobacteria are anaerobe bacteria possessing strains
that most of them cannot grow at the conditions containing
90% air and 10% CO2. Bifidobacterium forms convex,
creamy or white, smooth, glossy, neat edged, sticky and
soft colonies in agar plates; these bacteria comprise the
dominant population in the human gastrointestinal
microbiome as well as a range of about 90% of the total
population in breastfeed infants microbiome.41 These
bacteria were first isolated from infant feces and attracted
attention due to significant beneficial properties in the
human microbiome. So far, bifidobacteria are isolated
from six different niches including the human gut and oral
cavity as well as animals’ intestine (bovine, rabbit, murine,
chicken and insect) while other contaminations (sewage,
blood, and food) may be due to the contamination by
GIT. 42 Important species are isolated from the GIT are B.
longum, B. infantis, B. adolescentis and from the oral cavity:
B. dentium, B. breve, B. inopinatum, and B. denticolenu.43
The studies demonstrated to date that about 31 species
have been isolated form the genus Bifidobacterium
with nine of them (adolescentis, angulatum, bifidum,
breve, catenulatum, dentium, gallicum, longum, and
pseudocatenulatum) isolated from human feces and oral
cavity.44
Some species and subspecies including animalis spp.
animalis, lactis, breve, longum spp. Longum, and longum
spp. Infantis are considered as probiotics.45 Bifidobacteria
are widely used in food products, for instance, infant
formulas, milk, cheese, yoghurt and dietary supplements,46
and possess a wide range of beneficial effects including
hypocholesteric effects, improvement of gut microbiome
especially in preterm infants, treatment of lactose
intolerance, protection against infectious diseases like
diarrhea, cancer prevention, modulation of mucosal
barrier function and stimulation of calcium uptake by
70

enterocytes.44 It must be emphasized that when a strain
is called probiotic, this fact is only referred to the same
strain and not for other genus or the other members of
the family. 45 There are various data about the significance
of the effect of bifidobacteria on gastrointestinal health
and some evidence on the Bifidobacterium association
with various diseases.47-50 Some strains of Bifidobacterium
have shown beneficial effects in the healing of pain and
bowel movement difficulties as bloating versus placebo
and a Lactobacillus species.51 The role of bifidobacteria
for the production of beneficial substances including B
vitamins and healthy fatty acids has been proven.52,53 In
a huge follow-up study, the Bifidobacterium consumption
significantly reduced the pain and other complication
associated with IBS.54
As mentioned before, the beneficial properties
of probiotics for the human being health are under
investigation and need more and more researches, but
obviously, there are promising reasonable pieces of
evidence for pharmacologic and beneficial properties
of probiotics, especially bifidobacteria and Lactobacillus
probiotic strains, in promoting the human health.
Beneficial Effects of Probiotic Bacteria
Balance of the Gut Microbiome
Brown et al in their study conducted for evaluation the
beneficial effects of probiotics declared the fact that
probiotics can restore the natural balance of the gut
microbiome.55 As mentioned before, the imbalance in
probiotics results in various pathologic conditions such
as celiac disease, gastric cancer, autism, obesity, anorexia,
inflammatory bowel diseases (IBD, Crohn’s disease), IBD
(General), and type 2 diabetes.56 It is also clarified that
gut microbiome can produce desirable substances such
as vitamin B. The role of probiotics to improve digestion
and promote the nerve function and angiogenesis has
been proven too.57 Effect of composition and activity of
microbiome on the health status of various systems of the
body including neural, cardiovascular, metabolic, and
immune systems is expressed also. The altered balance
of the microbiome is associated with various pathologic
conditions for instance type 2 diabetes mellitus, cancer,
cardiovascular diseases, malignancy, colitis, obesity,
psychiatric and gut-brain axis related diseases as well as
numerous immunological disorders.58-63
Modulation and changes in the gut microbiome
are involved in various health problems. in a research
conducted by Liang et al, the results showed that oral
administration of probiotics ameliorated the dysbiosis
partly due to the modulation of the gut microbiome in
addition to short-chain fatty acid and their receptor,
GPR 43, in rats with non-alcoholic fatty liver leading to
the inhibition of lipid deposition and chronic metabolic
inflammation.64 Chen et al showed that supplementation
with L. rhamnosus (hsryfm1301) in hyperlipidemic rat
model improved lipid metabolism due to regulation and
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modulation of rat microbiome balance.65 So, these shreds
of evidence reveal that probiotics play very important
roles in the balance of gut microbiota ecosystem in
humans and animals.
Diarrhea
Sazawal et al performed a study and expressed that
probiotics reduced the risk of acute diarrhea of diverse
causes by 34% as well as administration of probiotics
caused the reduced risk of acute diarrhea among adults
by 26% and among children by 57%.35 Phavichitr et
al also exhibited that the consumption of probiotics
was associated with reduced duration of diarrhea by an
average of one day.66 The effects of probiotics on diarrhea
after three days were assessed too, and 55% of people who
received probiotics improved after 3 days.67 In a metaanalysis performed by McFarland, several probiotics
including a mixture of B. bifidum and L. acidophilus in
addition to Saccharomyces boulardii had significant
efficacy for prevention of traveler’s diarrhea.68
The role of probiotics for amelioration and treatment
of acute pediatric diarrhea has been proven too.69 S.
boulardii, a probiotic that is routinely used, was shown
to exhibit convincing efficacy in the treatment of various
chronic and acute gastrointestinal disorders including
Clostridium difficile (CD) infection, acute or persistent
diarrhea as well as human immunodeficiency virus (HIV)
related diarrhea enteral nutrition-related diarrhea and
Traveler’s diarrhea.70-104
Mego et al designed a study in which between January
2011 and December 2013, patients suffering from
colorectal cancer were randomized to receive placebo
or probiotics. The results revealed that consumption
of probiotics in the patients suffering from colorectal
cancer and experiencing gastrointestinal toxicity due
to irinotecan-based chemotherapy was safe and could
reduce the symptoms of chemotherapy.105
Lactobacillus strains are safe to be used as a cure in
infectious diarrhea in children, but as said before more
investigations are needed to prove the claim.106 Huang
et al performed a meta-analysis research to evaluate
the efficacy of probiotics for treatment of diarrhea, and
the results showed that probiotics reduced the diarrhea
duration by about one day in children.107
A study showed the promising effects of probiotics for
the treatment of diarrhea in children and infants, declaring
L. rhamnosus GG as the most strain of probiotics with the
confirmed effects in diarrhea.108,109 However, there were no
demonstrable effects followed by administration of some
strains of probiotics such as L. casei subspecies rhamnosus
(LGG) and L. paracasei strain ST11 (ST11) in the treatment
of children suffering from severe diarrhea.110,111Although
the second study confirmed the effect of L. paracasei
ST11 (ST11) for the treatment of nonrotavirus-induced
diarrhea.111 Despite the promising properties of probiotics
in various diseases, the data about the diarrhea induced

by nosocomial infections are contradicting, for example,
Szajewska et al performed a study in which 89 children
aged 1 to 36 months were enrolled in a double-blind
trial receiving either L. rhamnosus GG or placebo orally
twice a day. The data suggested beneficial effects of
probiotics especially L. rhamnosus GG in the treatment of
nosocomial infections in infants, particularly nosocomial
rotavirus gastroenteritis.112 Moreover, a double-blinded
randomized study containing 220 children evaluating the
same strain of probiotics failed to show promising effects
against nosocomial rotaviral infection while breastfeeding
was effective.113 A randomized trial study including 55
infants showed a lower prevalence of nosocomial diarrhea
in the infants consuming probiotic-containing formula.114
In study enrolling malnourished children in Peru, the
number of episodes of diarrhea was reduced after using
probiotics.115 Meanwhile, another study in Finland failed
to show significant differences among the experimental
groups.116 Children fed with a formula containing L.
reuteri and B. lactis showed lesser and shorter episodes of
diarrhea.117 Growth inhibitory effects of probiotics in the
treatment and prevention of vibrio cholera induced acute
diarrhea has been proved too, suggesting probiotics as
new sources to develop new pharmaceutical preparations
for public health promotion.118 A study performed by
Saavedra et al. on infants aged 5-24 months showed that
an infant formula containing probiotics could reduce the
incidence of acute diarrhea in infants.119
Previous studies showed that infant formulas
containing either B. lactis or a combination of B. breve
and S. thermophilus showed protective effects against
acute diarrhea in children.120,121 Other published studies
also showed that L. reuteri had significant effects in the
reduction of the episodes of diarrhea and respiratory tract
infections.23,122,123 Another impact of probiotics is in the
improvement of the complications due to gastroenteritis
especially when combined with rehydration.124 In another
study performed by Salazar-Lindo et al for evaluation
of the effects of probiotics for the treatment of watery
diarrhea, they failed to show any kind of beneficial effects
in this regard.125
Prevention of Antibiotic Associated Diarrhea
Diarrhea is one of the most important side effects of
antibiotics as a result of an imbalance in good and bad
microbiome populations.126 Consumption of antibiotics is
said that can be associated with overgrowth of pathogens
in some cases of CD, leading to life-threatening antibiotic
associated diarrhea (AAD).127
This fact also has been proven in other studies too.128-130
Hempel et al in a meta-analysis revealed that consumption
of probiotics is associated with the reduction of AAD.129
Many of studies conducted to evaluate the impacts of
probiotics on antibiotics associated diarrhea are performed
on small sample sizes and possess methodological biases.
Studies based on the meta-analysis approaches declared
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reduction of AAD by about 60%.131 effective probiotics in
this condition are S. boulardii in adults and L. rhamnosus
GG in children.132
Another meta-analysis for evaluating the effectiveness
of S. boulardii for prevention of AAD in different ages
showed the moderate efficacy of this probiotic in the
prevention of antibiotic‐associated diarrhea.133 Another
meta-analysis conducted by McFarland et al showed that a
combination of various probiotics showed their desirable
effects in treating AAD and CD. Additionally, three types
of probiotics (probiotic mixtures, L. rhamnosus GG, and
S. boulardii) significantly reduced antibiotic-associated
diarrhea.100 Another meta-analysis based study indicated
that probiotics reduced the risk of AAD by 52%.35 Johnston
et al showed that Children treated with probiotics showed
a lower risk of AAD.134 Goldenberg et al in another metaanalysis revealed a protective effect induced by probiotics
against AAD with no mentionable side effects.135
In a study performed on the hospitalized children
under antibiotics treatments, diarrhea was less likely to
develop in the probiotic consuming group in comparison
with oral rehydration and the risk of AAD, CD associated
diarrhea as well as mean duration of diarrhea reduced too.
It is noteworthy that a higher recovery rate was observed
in children receiving probiotics.124,136
Pattani et al stated that probiotics reduce the risk of CD
infection and AAD.137,138 Another systematic review and
meta-analysis showed that the people who used probiotics
significantly were in lower risk of CD.128 Moderate quality
shreds of evidence exhibit that probiotics significantly
reduce the CDD without any kinds of important side
effects. Pediatric AAD is also prevented using probiotics,
the data also exhibit an insignificant rate of side effect.139
Previous studies have indicated that S. boulardii and
lactobacilli are the most used strains of probiotics for
the treatment of AAD as well as L. rhamnosus GG and
Bacillus coagulans.132,140 Cai et al tried to find the effects of
probiotics for the management of AAD. The result of this
study expressed L. rhamnosus GG as the best option in
the treatment of AAD.141 Patients treated with probiotics
for 3 days showed a significantly (P = 0.009) lower
frequency of AAD while cephalosporins, clindamycin
or broad-spectrum penicillin were associated with the
increased risk of pathologic conditions such as AAD.142
Another meta‐analysis conducted by Szajewska et al
shows that probiotics are effective in the prevention of
AAD in participants of different ages under treatment of
antibiotics.143 Probiotics are effective in the prevention of
AAD in different ages and may be used during antibiotic
therapy as well as 14 days after the antibiotic therapy
discontinuance.144,145 L. reuteri consumption reduces
the duration of diarrhea while increases the chance of
treatment in this disease. This probiotic strain potentially
reduces the risk of acquired diarrhea in children as well
as the frequency and intensity of antibiotics induced
side effects during treatment for H. pylori.146,147 This is
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mentionable that yogurt containing L. acidophilus, L.
rhamnosus GG and B. lactis, was effective for reducing
the incidence of antibiotic-associated gastrointestinal
disturbance in children.148 Despite all beneficial effects
of probiotics, L. plantarum DSM 9843 compared to
placebo was not effective in the incidence of diarrhea and
abdominal symptoms.149 Another study to confirm the
beneficial effects of drinking probiotics failed to confirm a
beneficial effect on the prevention of AAD.150 Ruszczyński
et al showed that consumption of L. rhamnosus by
children receiving antibiotics based treatments reduced
the risk of any diarrhea.151 A systematic review stated that
the administration of probiotics closer to the first dose
of antibiotic reduced the risk of CD infection by about
more than 50% in patients.152 In another report, the risk of
AAD reduced due to the administration of probiotics.153
Probiotics especially specific strains for example: L.
rhamnosus GG had beneficial effects in preventing AAD,
but more investigations are still needed in this area.154,155
Cancer
A research by Ostad et al revealed some anticancer effects
of probiotics in different cancer cell lines such as HT-29,
Caco-2 and T47D in a dose-dependent manner.11
Rafter et al. performed a randomized trial aimed on the
evaluation of the effects of a synbiotic for on cancer risk
biomarkers in 80 patients who received either placebo or
synbiotic. The results showed that synbiotic intervention
could modulate cancer biomarkers in these patients.156
Thirabunyanon et al isolated various strains of
probiotics from fermented dairy milks; two of which
including Enterococcus faecium and L. fermentum
exhibited antiproliferation effects against colon cancer
cells.157
In another study, heat killed L. acidophilus 606 and L.
casei ATCC 393 also showed antiproliferative effects in
various cell lines, and soluble polysaccharide constituents
isolated from L. acidophilus 606 showed potent antioxidant
properties.158
Moreno et al in their study tried to explore anticancer
effects of probiotics and stated that L. helveticus R389
could delay breast cancer tumor growth through inducing
decrement of IL-6 as well as increment of IL-10.159
Another study trying to find more reliable shreds of
evidence about the role of probiotics in cancer found that
mice pre-inoculation with L. acidophilus significantly
reduced tumor growth by 50.3%. Moreover, administration
of L. acidophilus NCFM significantly downregulated the
CXCR4 mRNA expressions in the extra-intestinal tissue,
mesenteric lymph nodes and colon, highlighting the role
of this strain of probiotics in triggering the molecular and
cellular mechanisms involved in cancer pathogenesis.160
Another study stated that through the intervention in
inflammatory processes, the probiotic VSL#3 can prevent
dysplasia and cancer.161 Also, it has been noted that the
administration of E. faecium CRL 183 was associated with
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a 50% reduction in the average number of tumors when
compared to other groups in 4-week old male Wistar rats
as animal models of cancer.162
Bacillus polyfermenticus a probiotic bacterium inhibited
tumor growth partly due to the inhibition of the ErbB
receptors. This study showed that ErbB2 and ErbB3, as
receptors that are involved in the cancer pathogenesis, are
suppressed by this probiotic.163
Nami et al evaluated the effects of L. acidophilus 36YL
on four cancer cell lines (HeLa, AGS, HT-29, and MCF7) and a normal cell line that was HUVEC cell line. The
results revealed apoptotic effects of this probiotic on
cancer cell lines and negligible toxicity against normal
cells.164
A bunch of studies also show the probiotics effectiveness
in various extraintestinal and gastrointestinal cancers
especially colon and colorectal cancers, but there is a
great need for more clinical trial-based shreds of evidence
highlighting a direct effect for probiotics in the treatment
of cancer.165-190
Antibacterial Effects
Traditional yoghurts containing some strains of
lactobacillus showed antimicrobial effects against
Escherichia coli and Salmonella typhi. The most
antimicrobial effects were observed by L. casei.9 Some
other studies showed the antibacterial and antioxidant
effects of probiotics too.191 A study on kefir, another
probiotic product, showed desirable anti-pseudomonal
effects as well as a significant improvement of wound
healing.10
Irritable Bowel Syndrome
Another kind of abnormalities whose response to
probiotics is tested is IBS. Various data suggests the
beneficial effects of probiotics, but data is hard to compare
partly due to differences in the dose of probiotics, duration
of therapy, and the study design. A double-blinded
randomized clinical trial showed that probiotics are not
likely to heal IBS but the symptoms were reduced.192
Francavilla et al performed a randomized double-blind
trial in which children received either L. rhamnosus GG or
placebo for the duration of 8 weeks and the results showed
that this probiotic was significantly effective to reduce the
severity in addition to the frequency of abdominal pain in
children with IBS.193
Horvath et al. in a study to evaluate the effects of L.
rhamnosus GG for treating abdominal painful disorders
in children observed that supplementation with this
probiotic strain leads to a significantly increase in the
rate of treatment responders when Compared with
placebo. Moreover a randomized cross-over trial among
59 patients conducted for the duration of six weeks
to compare VSL#3 and placebo showed a significant
effect for VSL#3 in symptom relief and abdominal pain/
discomfort as well as abdominal bloating/gassiness.194

There is no data on prevention of IBS by prebiotics,
but consumption of a prebiotic-containing whey-based
formula in a controlled trial including 224 infants showed
lesser gastrointestinal discomforts.195 Korterink et al in a
meta‐analysis based study showed that probiotics reduce
abdominal pain in related disorders, especially in patients
with IBS.196
Helicobacter pylori
The use of probiotics in the treatment of HP is a
controversial topic, but the beneficial characteristics of
probiotics for the treatment of HP have been exhibited in
various animal models. Bifidobacterium and Lactobacillus
are specific bacteria with desirable effects in the treatment
of HP in vitro through the production of bacteriocins or
organic acids in addition to the inhibition of its adhesion
to epithelial cells and reducing the load of HP.197,198 It is
noteworthy that Some studies exhibit higher eradication
rate of HP due to consumption of probiotics in association
with antibiotics and proton pump inhibitors that are
normal drugs for treating HP.199 Using in association
with the normal therapy of HP, probiotics can reduce the
side effects of antibiotic treatments especially diarrhea in
children.200-203 A study conducted to evaluate the effects
of probiotics in the treatment of HP showed the desirable
effects that may be partly due to the eradication of the risk
of disorders associated with gastric inflammation.204
In concordance with the above studies, Losurdo
stated that probiotics in the treatment of HP showed a
direct effect in its clearance and eradication.205 This is
noteworthy that in HP infection, combined therapy with
probiotics can protect and restore the microbiome of the
intestine.206 So probiotics both alone and in combination
with antibiotics and other HP treatments may alleviate the
infection’s symptoms as well as reduce drug side effects.207
Constipation
Constipation is a disorder in GIT associated with
infrequent stools, difficult stool passage as well as pain
and stiffness.208 Children 3-16 years of age experiencing
constipation were randomized in a pilot study and
consumed one sachet containing 108-1010 CFU B. breve
daily. The data of this study showed the positive effect of this
strain of probiotic.209 Another study conducted by Zhao
et al to evaluate the effect of probiotics on constipation
showed the positive effects of a mixture containing, B.
longum, B. bifidum, B. infantis, L. plantarum, L. casei, and
L. rhamnosus on the constipation.210 Administration of L.
rhamnosus (Lcr35) to children with chronic constipation
showed desirable effects of this probiotic.211 There are
pieces of evidence for some strains stating failure of
showing efficacy in the treatment of constipation, for
example, L. rhamnosus failed to show desirable effects.212,213
Due to the consumption of L. reuteri, bowel frequency
improved in infants with functional constipation.214
Improvement of defecation frequency and abdominal
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pain was accomplished due to the consumption of
yogurt supplemented with B. longum.215 A dairy product
containing B. animalis increased stool frequency in
children experiencing constipation.216 Santhosh Jose
evaluated the effects of probiotics consumption on the
treatment of constipation and exhibited the desirable
effects of probiotics in this condition.217
In another study reported by Choi et al, significant
reduction of Bifidobacterium and Bacteroides species
in the feces of the patients suffering from functional
constipation was observed.218 Dimidi et al exhibited
that probiotics, particularly B. lactis, improved stool
consistency, stool frequency and whole gut transit time.219
It is well understood that altered microbiome precisely
contributes to the pathogenesis of constipation, but the
specific mechanism of probiotics in the constipation is
still unclear, and this effect may be partly due to their
impact on the fermentation and gut microbiome, as well
as effects on the central and enteric nervous systems and
the immune system.220
Atopic Dermatitis and Dermal Health
There is a bunch of studies indicating the beneficial role
of probiotics in various conditions of the skin such as
atopic eczema, wound, and scar healing as well as a help
to skin-rejuvenation. 8
Consumption of probiotics containing L. acidophilus, L.
casei, L. salivarius, and B. bifidum was effective to reduce
Scoring Atopic Dermatitis (SCORAD) index as well as
total serum immunoglobulin E (IgE) and cytokines such
as interleukin (IL)-5, IL-6, and interferon (IFN)-γ in
pediatric patients.221
Weise et al showed that E. coli Nissle 1917 modulated
immune responses through the increment of Foxp3 (+)
cells and immunoregulatory cytokine patterns.222
In a study by Kukkonen et al, pregnant women carrying
infants with a high risk of allergy received a mixture of 4
species of probiotics or placebo for about 4 weeks before
delivery and their children received the same probiotics or
a placebo daily for 6 months after birth. The data showed
that feeding probiotics to newborn infants increased
the resistance to respiratory infections during the first 2
years of life as well as a significant reduction in (atopic)
eczema.223 Another study expressed that a great reduction
was observed in clinical eczema among children whose
mother received probiotic.224 A meta-analysis based
study conducted by Doege et al revealed the fact that
administration of probiotics during pregnancy prevented
atopic eczema in children with the ages ranging from 2 to
7 years.225
It has been declared that when applied on the skin, B.
longum lysate had beneficial effects on the symptoms of
sensitive and reactive skin.226
Lew and Liong in their study reported that some
bioactive compounds from probiotics such as hyaluronic
acid, sphingomyelinase, peptidoglycans and lipoteichoic
74

acid exert beneficial dermal effects, but the exact
mechanism remains unclear.227
Lactobacillus fermentum is another strain with beneficial
effects in children experiencing moderate or severe atopic
dermatitis.228 Probiotics, particularly L. rhamnosus GG
is effective either for the prevention of atopic dermatitis
or healing of the related symptoms.229 However, there are
various studies in which there was no convincing data
about the efficacy of some strains of probiotics in the
treatment of atopic dermatitis.230
A meta-analysis conducted by Pelucchi et al exhibited
the role of probiotics for some kinds of dermal conditions
such as atopic dermatitis.231 Consumption of B. lactis and
L. rhamnosus relieved the symptoms of atopic dermatitis
only in food sensitized children.232
Yeşilova et al reported that probiotics are effective in
reducing an indicator of atopic dermatitis that is SCORAD
index in the patients as well as serum IFN-γ, IL-6, and
IL-5 as well as total serum IgE levels.233
Another meta-analysis also consisted of about ten
studies showed the moderate role of probiotics in the
treatment of atopic dermatitis.234 Based on the data such
as reduction of the clinical symptoms as well as local and
systemic inflammation, probiotics can be used to alleviate
allergic inflammations such as atopic dermatitis.235
Probiotics are announced as a new strategy in the
treatment of atopic dermatitis, their beneficial effects
may be partly due to the balance of the gut microbiome,
improvement of immunological defense barrier (IgA) in
the intestine, modulation of inflammatory responses in
addition to the production of inflammatory cytokines.236
L. gasseri is another strain of probiotics assumed to
reduce the immune responses induced by inflammatory
cytokines for instance IL-17 that is another kind of
evidence confirming the desirable effects of probiotics
in atopic dermatitis.237 Meneghin et al studied the effect
of probiotics in the atopic dermatitis of children, and
the data suggested about the effectiveness of probiotics;
moreover, most of the studies about this matter were
conducted on a single strain of probiotics other than a
mixture, but the effectiveness of the mixture was more.238
Foolad et al declared the usefulness of probiotics in the
treatment of atopic dermatitis. Probiotics induced a long
term reduction in the symptoms of atopic dermatitis,
and the severity of the symptoms was reduced.239 In a
study in which 88 children were enrolled to evaluate
the effectiveness of a single strain of probiotics called L.
sakei, the results confirmed a significant reduction of
symptoms and severity of dermatitis in the intervention
group.240 L. plantarum CJLP133 is another strain of
probiotics with promising effects in the treatment of
atopic dermatitis in children.241 In a study a combination
of Lactobacillus strains including L. reuteri and L.
rhamnosus were given to atopic dermatitis experiencing
children. the results at the end of the intervention, showed
that about 56% of the patients declared the improvement
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of eczema symptoms.242 Niccoli et al also reported the
effectiveness of L. salivarius LS01 in children with atopic
dermatitis.243 A meta-analysis on the data published
during February 1997 and May 2007 provided more
convincing evidence about the effectiveness of probiotics
in the treatment of some kinds of dermal disorders such
as atopic dermatitis.244 Consumption of probiotics has
shown promising effects in adults too. For instance, in
a study conducted on 38 patients suffering from atopic
dermatitis, the results showed that L. salivarius LS01
significantly improved the clinical manifestation and
quality of life that may be partly due to the modulation of
Th1/Th2 cytokine profiles.245 A combination of B. lactis,
L. acidophilus and fructooligosaccharides administrated
to preschool children experiencing atopic dermatitis
showed significant improvement of clinical symptoms in
the intervention groups.246 Improvement and stabilization
of intestinal mucosal barrier is associated with the
pathogenesis of atopic dermatitis, and probiotics may
stabilize this barrier in the intestine.247
Gøbel et al expressed that the consumption of
probiotics decreased the levels of IFN-γ and IL-10
leading to the beneficial effects of probiotics in young
children experiencing atopic dermatitis.248 A metaanalysis suggests that probiotics may be an option for
the treatment of atopic dermatitis including moderate
to severe atopic dermatitis in the children and adults.249
Another meta-analysis also exhibits that probiotics have
a protective role in the pre and postnatal period in all
risky population.250 Iemoli et al conducted another study
in which a combination of L. salivarius LS01 and B. breve
BR03 exhibited beneficial effects in the treatment of atopic
dermatitis in adults.251 Likewise, 53 children enrolled in
an eight week supplementation period during which a
probiotic (L. fermentum) (n=26) or a placebo (n=27) was
administrated, and improvement in atopic dermatitis
severity with probiotic treatment was observed.228
Grüber et al declared that there are not enough shreds
of evidence on the beneficial effects of probiotics in
the treatment of atopic dermatitis in children.252 Atopic
eczema/dermatitis syndrome was alleviated after the
administration of L. rhamnosus GG for 4 weeks; the
observed data also exhibited the beneficial effects of this
probiotic in IgE‐sensitized infants but not in non‐IgE‐
sensitized infants (Figure 1).253
Conclusion
This review aimed to briefly introduce probiotics as well
as some of their beneficial effects including antibacterial
effects, balance of the gut microbiome, prevention of
AAD, and treatment of some pathologic conditions such
as diarrhea, cancer, IBS, HP infection, constipation and
atopic dermatitis. In our review, the most known health
properties of probiotics are found to be the prevention
of diarrhea due to the balance of the gut microbiome.
Despite these beneficial effects, some strains of probiotics

Figure 1. Summarization of Some Beneficial Effects of Probiotics.

failed to show efficacy in various pathologic conditions
that highlight this fact that the beneficial effects exerted by
probiotics are limited to precise strains of theses bacterial
communities. Regarding the vast developments in this
area of research, there is more and more requirements
for investigations on this interesting area of research to
find biological products with more efficacy and less side
effects.
Conflict of interests
The authors declare no conflict of interests.
Ethical Approval
This review was based on the previously published articles
and no ethical approval is provided.
Authors’ contribution
AAG designed the study and scientifically revised the
manuscript. RS drafted and wrote the manuscript and
performed the searching of databases. APM drafted the
manuscript and performed the searching of databases.
MRF scientifically revised the manuscript.
References
1. Food and Agriculture Organization of the United Nations
(FAO), World Health Organization (WHO). Guidelines
for the Evaluation of Probiotic in Food. London, Ontario:
FAO, WHO; 2002.
2. Gibson GR, Roberfroid MB. Dietary modulation of the
human colonic microbiota: introducing the concept of
prebiotics. J Nutr. 1995;125(6):1401-1412. doi:10.1093/
jn/125.6.1401
3. Pandey KR, Naik SR, Vakil BV. Probiotics, prebiotics and
synbiotics- a review. J Food Sci Technol. 2015;52(12):75777587. doi:10.1007/s13197-015-1921-1
4. Fuller R. Probiotics: The Scientific Basis. Springer Science
& Business Media; 2012.
5. Soccol CR, de Souza Vandenberghe LP, Spier MR, et al. The

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

75

Shirazinia et al

6.
7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

76

potential of probiotics: a review. Food Technol Biotechnol.
2010;48(4):413-434.
Fuller R. Probiotics in man and animals. J Appl Bacteriol.
1989;66(5):365-378.
Holzapfel WH, Schillinger U. Introduction to preand probiotics. Food Res Int. 2002;35(2-3):109-116.
doi:10.1016/S0963-9969(01)00171-5
Shi LH, Balakrishnan K, Thiagarajah K, Mohd Ismail NI,
Yin OS. Beneficial properties of probiotics. Trop Life Sci
Res. 2016;27(2):73-90. doi:10.21315/tlsr2016.27.2.6
Pishva E, Hassannia N, Fazeli MR, et al. Antibacterial
effect of authochlorous Lactobacillus strains isolated from
traditional yogurts. Pak J Nutr. 2009;8(8):1132-1137.
doi:10.3923/pjn.2009.1132.1137
Rahimzadeh G, Fazeli MR, Mozafari AN, Mesbahi M.
Evaluation of anti-microbial activity and wound healing of
kefir. Int J Pharm Sci Res. 2015;6(1):286-293. doi:10.13040/
ijpsr.0975-8232.6(1).286-93
Yahyavi Z, Fazeli MR, Mirfeizi M, Aliebrahimi S, Ostad SN.
Cytotoxic activity of familact: a probiotic supplement. Iran
J Toxicol. 2018;12(4):41-45.
Fazeli MR, Hajimohammadali M, Moshkani A, et al.
Aflatoxin B1 binding capacity of autochthonous strains
of lactic acid bacteria. J Food Prot. 2009;72(1):189-192.
doi:10.4315/0362-028X-72.1.189
Jamalifar H, Rahimi H, Samadi N, et al. Antimicrobial
activity of different Lactobacillus species against multidrug resistant clinical isolates of Pseudomonas aeruginosa.
Iran J Microbiol. 2011;3(1):21-25.
Shokri Z, Fazeli MR, Ardjmand M, Mousavi SM, Gilani
K. Factors affecting viability of Bifidobacterium bifidum
during spray drying. Daru. 2015;23(1):7. doi:10.1186/
s40199-014-0088-z
Michail S, Abernathy F. Lactobacillus plantarum inhibits
the intestinal epithelial migration of neutrophils induced by
enteropathogenic Escherichia coli. J Pediatr Gastroenterol
Nutr.
2003;36(3):385-391.
doi:10.1097/00005176200303000-00017
Michail S, Abernathy F. Lactobacillus plantarum reduces
the in vitro secretory response of intestinal epithelial
cells to enteropathogenic Escherichia coli infection.
J Pediatr Gastroenterol Nutr. 2002;35(3):350-355.
doi:10.1097/00005176-200209000-00021
Lee JW, Shin JG, Kim EH, et al. Immunomodulatory and
antitumor effects in vivo by the cytoplasmic fraction of
Lactobacillus casei and Bifidobacterium longum. J Vet Sci.
2004;5(1):41-48.
Jijon H, Backer J, Diaz H, et al. DNA from probiotic
bacteria modulates murine and human epithelial and
immune function. Gastroenterology. 2004;126(5):13581373. doi:10.1053/j.gastro.2004.02.003
Yan F, Polk DB. Probiotic bacterium prevents cytokineinduced apoptosis in intestinal epithelial cells. J Biol Chem.
2002;277(52):50959-50965. doi:10.1074/jbc.M207050200
Rachmilewitz D, Katakura K, Karmeli F, et al. Toll-like
receptor 9 signaling mediates the anti-inflammatory
effects of probiotics in murine experimental colitis.
Gastroenterology. 2004;126(2):520-528. doi:10.1053/j.
gastro.2003.11.019
Westendorf AM, Gunzer F, Deppenmeier S, et al. Intestinal

22.

23.

24.

25.
26.
27.

28.
29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

immunity of Escherichia coli NISSLE 1917: a safe carrier
for therapeutic molecules. FEMS Immunol Med Microbiol.
2005;43(3):373-384. doi:10.1016/j.femsim.2004.10.023
Singh K, Kallali B, Kumar A, Thaker V. Probiotics: a review.
Asian Pac J Trop Biomed. 2011;1(2 Suppl):S287-S290.
doi:10.1016/s2221-1691(11)60174-3
Vandenplas Y. Lactobacillus reuteri is an effective option
for the prevention of diarrhoea in preschool children but
may not be cost-effective in all settings. Evid Based Med.
2014;19(6):212. doi:10.1136/ebmed-2014-110039
Holzapfel WH, Haberer P, Geisen R, Björkroth J, Schillinger
U. Taxonomy and important features of probiotic
microorganisms in food and nutrition. Am J Clin Nutr.
2001;73(2 Suppl):365S-373S. doi:10.1093/ajcn/73.2.365s
Chow J. Probiotics and prebiotics: a brief overview. J Ren
Nutr. 2002;12(2):76-86. doi:10.1053/jren.2002.31759
Shah NP. Functional cultures and health benefits. Int Dairy
J. 2007;17(11):1262-1277. doi:10.1016/j.idairyj.2007.01.014
Curry B, Crow V. Lactobacillus spp.: General
Characteristics. In: Encyclopedia of Dairy Sciences. Vol 3.
London: Academic Press; 2003.
Shah NP. Yogurt: The Product and its Manufacture.
Elsevier; 2003.
Gilliland SE, Speck ML, Morgan CG. Detection of
Lactobacillus acidophilus in feces of humans, pigs, and
chickens. Appl Microbiol. 1975;30(4):541-545.
Anjum N, Maqsood S, Masud T, Ahmad A, Sohail A,
Momin A. Lactobacillus acidophilus: characterization of
the species and application in food production. Crit Rev
Food Sci Nutr. 2014;54(9):1241-1251. doi:10.1080/104083
98.2011.621169
Hutkins RW. Microbiology and Technology of Fermented
Foods. Vol 22. John Wiley & Sons; 2008.
Liong MT, Shah NP. Production of organic acids from
fermentation of mannitol, fructooligosaccharide and inulin
by a cholesterol removing Lactobacillus acidophilus strain.
J Appl Microbiol. 2005;99(4):783-793. doi:10.1111/j.13652672.2005.02677.x
Grosso CRF, Fávaro-Trindade CS. Stability of free and
immobilized Lactobacillus acidophilus and Bifidobacterium
lactis in acidified milk and of immobilized B. lactis
in yoghurt. Braz J Microbiol. 2004;35(1-2):151-156.
doi:10.1590/s1517-83822004000100025
Levy SB, Salyers AA. Reservoirs of Antibiotic Resistance
(ROAR) Network. http://www.healthsci.tufts.edu/apua/
ROAR/roarhome.htm. 2002.
Sazawal S, Hiremath G, Dhingra U, Malik P, Deb S, Black
RE. Efficacy of probiotics in prevention of acute diarrhoea:
a meta-analysis of masked, randomised, placebo-controlled
trials. Lancet Infect Dis. 2006;6(6):374-382. doi:10.1016/
s1473-3099(06)70495-9
Ljungh A, Wadström T. Lactic acid bacteria as probiotics.
Curr Issues Intest Microbiol. 2006;7(2):73-89.
Schaafsma G, Meuling WJ, van Dokkum W, Bouley C.
Effects of a milk product, fermented by Lactobacillus
acidophilus and with fructo-oligosaccharides added,
on blood lipids in male volunteers. Eur J Clin Nutr.
1998;52(6):436-440. doi:10.1038/sj.ejcn.1600583
Ejtahed HS, Mohtadi-Nia J, Homayouni-Rad A, et al. Effect
of probiotic yogurt containing Lactobacillus acidophilus

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

Shirazinia et al

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

and Bifidobacterium lactis on lipid profile in individuals
with type 2 diabetes mellitus. J Dairy Sci. 2011;94(7):32883294. doi:10.3168/jds.2010-4128
Ataie-Jafari A, Larijani B, Alavi Majd H, Tahbaz F.
Cholesterol-lowering effect of probiotic yogurt in
comparison with ordinary yogurt in mildly to moderately
hypercholesterolemic subjects. Ann Nutr Metab.
2009;54(1):22-27. doi:10.1159/000203284
Chitapanarux I, Chitapanarux T, Traisathit P, Kudumpee
S, Tharavichitkul E, Lorvidhaya V. Randomized controlled
trial of live lactobacillus acidophilus plus Bifidobacterium
bifidum in prophylaxis of diarrhea during radiotherapy
in cervical cancer patients. Radiat Oncol. 2010;5:31.
doi:10.1186/1748-717x-5-31
Hidalgo-Cantabrana C, Delgado S, Ruiz L, Ruas-Madiedo
P, Sánchez B, Margolles A. Bifidobacteria and their
health-promoting effects. Microbiol Spectr. 2017;5(3).
doi:10.1128/microbiolspec.BAD-0010-2016
Ventura M, Turroni F, van Sinderen D. Bifidobacteria of
the human gut: our special friends. In: Tuohy K, Del Rio
D, eds. Diet-Microbe Interactions in the Gut. San Diego:
Academic Press; 2015:41-51.
Zhou X, Li Y, Peng X, Ren B, Li J, Xu X, et al. Supragingival
microbes. In: Zhou X, Li Y, eds. Atlas of Oral Microbiology.
Oxford: Academic Press; 2015:41-65.
Lee JH, O’Sullivan DJ. Genomic insights into bifidobacteria.
Microbiol Mol Biol Rev. 2010;74(3):378-416. doi:10.1128/
mmbr.00004-10
Quigley EMM. Bifidobacteria as probiotic organisms: an
introduction. In: Floch MH, Ringel Y, Allan Walker W,
eds. The Microbiota in Gastrointestinal Pathophysiology.
Boston: Academic Press; 2017:125-126.
Russell DA, Ross RP, Fitzgerald GF, Stanton C. Metabolic
activities and probiotic potential of bifidobacteria. Int
J Food Microbiol. 2011;149(1):88-105. doi:10.1016/j.
ijfoodmicro.2011.06.003
Di Gioia D, Aloisio I, Mazzola G, Biavati B. Bifidobacteria:
their impact on gut microbiota composition and their
applications as probiotics in infants. Appl Microbiol
Biotechnol. 2014;98(2):563-577. doi:10.1007/s00253-0135405-9
Collado MC, Donat E, Ribes-Koninckx C, Calabuig M,
Sanz Y. Imbalances in faecal and duodenal Bifidobacterium
species composition in active and non-active coeliac
disease. BMC Microbiol. 2008;8:232. doi:10.1186/14712180-8-232
Gao X, Jia R, Xie L, Kuang L, Feng L, Wan C. Obesity in
school-aged children and its correlation with gut E. coli
and bifidobacteria: a case-control study. BMC Pediatr.
2015;15:64. doi:10.1186/s12887-015-0384-x
Akay HK, Bahar Tokman H, Hatipoglu N, et al. The
relationship between bifidobacteria and allergic asthma
and/or allergic dermatitis: a prospective study of 0-3
years-old children in Turkey. Anaerobe. 2014;28:98-103.
doi:10.1016/j.anaerobe.2014.05.006
O’Mahony L, McCarthy J, Kelly P, et al. Lactobacillus
and Bifidobacterium in irritable bowel syndrome:
symptom responses and relationship to cytokine profiles.
Gastroenterology. 2005;128(3):541-551. doi:10.1053/j.
gastro.2004.11.050

52. Pompei A, Cordisco L, Amaretti A, Zanoni S, Matteuzzi
D, Rossi M. Folate production by bifidobacteria as a
potential probiotic property. Appl Environ Microbiol.
2007;73(1):179-185. doi:10.1128/aem.01763-06
53. Coakley M, Ross RP, Nordgren M, Fitzgerald G, Devery
R, Stanton C. Conjugated linoleic acid biosynthesis by
human-derived Bifidobacterium species. J Appl Microbiol.
2003;94(1):138-145. doi:10.1046/j.1365-2672.2003.01814.x
54. Whorwell PJ, Altringer L, Morel J, et al. Efficacy of
an encapsulated probiotic Bifidobacterium infantis
35624 in women with irritable bowel syndrome. Am J
Gastroenterol. 2006;101(7):1581-1590. doi:10.1111/j.15720241.2006.00734.x
55. Brown AC, Valiere A. Probiotics and medical nutrition
therapy. Nutr Clin Care. 2004;7(2):56-68.
56. Clemente JC, Ursell LK, Parfrey LW, Knight R. The impact
of the gut microbiota on human health: an integrative view.
Cell. 2012;148(6):1258-1270. doi:10.1016/j.cell.2012.01.035
57. Zhang YJ, Li S, Gan RY, Zhou T, Xu DP, Li HB. Impacts of
gut bacteria on human health and diseases. Int J Mol Sci.
2015;16(4):7493-7519. doi:10.3390/ijms16047493
58. Park JS, Choi JW, Jhun J, et al. Lactobacillus acidophilus
improves intestinal inflammation in an acute colitis mouse
model by regulation of Th17 and Treg cell balance and
fibrosis development. J Med Food. 2018;21(3):215-224.
doi:10.1089/jmf.2017.3990
59. Barteneva NS, Baiken Y, Fasler-Kan E, et al. Extracellular
vesicles in gastrointestinal cancer in conjunction with
microbiota: on the border of Kingdoms. Biochim Biophys
Acta Rev Cancer. 2017;1868(2):372-393. doi:10.1016/j.
bbcan.2017.06.005
60. Saez-Lara MJ, Gomez-Llorente C, Plaza-Diaz J, Gil A. The
role of probiotic lactic acid bacteria and bifidobacteria
in the prevention and treatment of inflammatory bowel
disease and other related diseases: a systematic review
of randomized human clinical trials. Biomed Res Int.
2015;2015:505878. doi:10.1155/2015/505878
61. Tang WH, Hazen SL. The contributory role of gut
microbiota in cardiovascular disease. J Clin Invest.
2014;124(10):4204-4211. doi:10.1172/jci72331
62. Marques FZ, Nelson E, Chu PY, et al. High-fiber diet and
acetate supplementation change the gut microbiota and
prevent the development of hypertension and heart failure
in hypertensive mice. Circulation. 2017;135(10):964-977.
doi:10.1161/circulationaha.116.024545
63. Foster JA, McVey Neufeld KA. Gut-brain axis: how
the microbiome influences anxiety and depression.
Trends Neurosci. 2013;36(5):305-312. doi:10.1016/j.
tins.2013.01.005
64. Liang Y, Liang S, Zhang Y, et al. Oral administration of
compound probiotics ameliorates HFD-induced gut
microbe dysbiosis and chronic metabolic inflammation
via the G protein-coupled receptor 43 in non-alcoholic
fatty liver disease rats. Probiotics Antimicrob Proteins.
2019;11(1):175-185. doi:10.1007/s12602-017-9378-3
65. Chen D, Yang Z, Chen X, et al. The effect of Lactobacillus
rhamnosus hsryfm 1301 on the intestinal microbiota of a
hyperlipidemic rat model. BMC Complement Altern Med.
2014;14:386. doi:10.1186/1472-6882-14-386
66. Phavichitr N, Puwdee P, Tantibhaedhyangkul R. Cost-

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

77

Shirazinia et al

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

78

benefit analysis of the probiotic treatment of children
hospitalized for acute diarrhea in Bangkok, Thailand.
Southeast Asian J Trop Med Public Health. 2013;44(6):10651071.
Institute for Quality and Efficiency in Health Care
(IQWiG). Can Probiotics Help Against Diarrhea? Cologne,
Germany: IQWiG; 2016.
McFarland LV. Meta-analysis of probiotics for the
prevention of traveler’s diarrhea. Travel Med Infect Dis.
2007;5(2):97-105. doi:10.1016/j.tmaid.2005.10.003
McFarland LV, Elmer GW, McFarland M. Meta-analysis
of probiotics for the prevention and treatment of acute
pediatric diarrhea. Int J Probiotics Prebiotics. 2006;1(1):6376.
Elmer GW, Moyer KA, Vega R, et al. Evaluation of
Saccharomyces boulardii for patients with HIV-related
chronic diarrhoea and in healthy volunteers receiving
antifungals. Microecology and Therapy. 1995;25:23-31.
Saint-Marc T, Rossello-Prats L, Touraine JL. [Efficacy of
Saccharomyces boulardii in the treatment of diarrhea in
AIDS]. Ann Med Interne (Paris). 1991;142(1):64-65.
Castaneda C, Garcia E, Santa Cruz M, Fernandez M,
Monterrey P. Effects of Saccharomyces boulardii in children
with chronic diarrhea, especially cases due to giardiasis.
Rev Mex Pueric Pediatr. 1995;2:12-16.
Besirbellioglu BA, Ulcay A, Can M, et al.
Saccharomyces boulardii and infection due to Giardia
lamblia. Scand J Infect Dis. 2006;38(6-7):479-481.
doi:10.1080/00365540600561769
Dinleyici EC, Eren M, Dogan N, Reyhanioglu S, Yargic ZA,
Vandenplas Y. Clinical efficacy of Saccharomyces boulardii
or metronidazole in symptomatic children with Blastocystis
hominis infection. Parasitol Res. 2011;108(3):541-545.
doi:10.1007/s00436-010-2095-4
Mansour-Ghanaei F, Dehbashi N, Yazdanparast K, Shafaghi
A. Efficacy of Saccharomyces boulardii with antibiotics in
acute amoebiasis. World J Gastroenterol. 2003;9(8):18321833. doi:10.3748/wjg.v9.i8.1832
Guslandi M. Treatment of irritable bowel syndrome
with Saccharomyces boulardii. J Clin Gastroenterol.
2011;45(8):740-741; author reply 741-742. doi:10.1097/
MCG.0b013e3182166c76
Bennani A. Randomised trial of Saccharomyces boulardii
in the treatment of functional colon disorders. L’Objectif
Medical. 1990;73:56-61.
Choi CH, Jo SY, Park HJ, Chang SK, Byeon JS, Myung SJ. A
randomized, double-blind, placebo-controlled multicenter
trial of Saccharomyces boulardii in irritable bowel
syndrome: effect on quality of life. J Clin Gastroenterol.
2011;45(8):679-683. doi:10.1097/MCG.0b013e318204593e
Maupas J, Champemont P, Delforge M. Treatment of
irritable bowel syndrome with Saccharomyces boulardii:
a double blind, placebo controlled study. Med Chir Dig.
1983;12:77-79.
McFarland LV, Dublin S. Meta-analysis of probiotics
for the treatment of irritable bowel syndrome. World
J Gastroenterol. 2008;14(17):2650-2661. doi:10.3748/
wjg.14.2650
Parkes GC, Brostoff J, Whelan K, Sanderson JD.
Gastrointestinal microbiota in irritable bowel syndrome:

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

their role in its pathogenesis and treatment. Am J
Gastroenterol. 2008;103(6):1557-1567. doi:10.1111/j.15720241.2008.01869.x
Cain AM, Karpa KD. Clinical utility of probiotics in
inflammatory bowel disease. Altern Ther Health Med.
2011;17(1):72-79.
Floch MH, Walker WA, Guandalini S, et al.
Recommendations for probiotic use--2008. J Clin
Gastroenterol. 2008;42 Suppl 2:S104-108. doi:10.1097/
MCG.0b013e31816b903f
Guslandi M. Saccharomyces boulardii plus rifaximin
in
mesalamine-intolerant
ulcerative
colitis.
J
Clin
Gastroenterol.
2010;44(5):385.
doi:10.1097/
MCG.0b013e3181cb4233
Guslandi M, Giollo P, Testoni PA. A pilot trial
of Saccharomyces boulardii in ulcerative colitis.
Eur J Gastroenterol Hepatol. 2003;15(6):697-698.
doi:10.1097/00042737-200306000-00017
Guslandi M, Mezzi G, Sorghi M, Testoni PA.
Saccharomyces boulardii in maintenance treatment of
Crohn’s disease. Dig Dis Sci. 2000;45(7):1462-1464.
doi:10.1023/a:1005588911207
Plein K, Hotz J. Therapeutic effects of Saccharomyces
boulardii on mild residual symptoms in a stable phase of
Crohn’s disease with special respect to chronic diarrhea--a
pilot study. Z Gastroenterol. 1993;31(2):129-134.
Garcia Vilela E, De Lourdes De Abreu Ferrari M, Oswaldo
Da Gama Torres H, et al. Influence of Saccharomyces
boulardii on the intestinal permeability of patients with
Crohn’s disease in remission. Scand J Gastroenterol.
2008;43(7):842-848. doi:10.1080/00365520801943354
Kollaritsch H, Kremsner P, Wiedermann G, Scheiner O.
Prevention of traveller’s diarrhea: comparison of different
non-antibiotic preparations. Travel Med Int. 1989;6(6):917.
Kollaritsch H, Holst H, Grobara P, Wiedermann G.
[Prevention of traveler’s diarrhea with Saccharomyces
boulardii. Results of a placebo controlled double-blind
study]. Fortschr Med. 1993;111(9):152-156.
Gaón D, García H, Winter L, et al. Effect of Lactobacillus
strains and Saccharomyces boulardii on persistent diarrhea
in children. Medicina (B Aires). 2003;63(4):293-298.
Guarino A, Albano F, Ashkenazi S, et al. European
Society for Paediatric Gastroenterology, Hepatology, and
Nutrition/European Society for Paediatric Infectious
Diseases evidence-based guidelines for the management
of acute gastroenteritis in children in Europe. J Pediatr
Gastroenterol Nutr. 2008;46 Suppl 2:S81-122. doi:10.1097/
MPG.0b013e31816f7b16
Canani RB, Cirillo P, Terrin G, et al. Probiotics for treatment
of acute diarrhoea in children: randomised clinical trial
of five different preparations. BMJ. 2007;335(7615):340.
doi:10.1136/bmj.39272.581736.55
Szajewska H, Skórka A. Saccharomyces boulardii for treating
acute gastroenteritis in children: updated meta-analysis of
randomized controlled trials. Aliment Pharmacol Ther.
2009;30(9):960-961. doi:10.1111/j.1365-2036.2009.04113.x
Szajewska H, Skórka A, Dylag M. Meta-analysis:
Saccharomyces boulardii for treating acute diarrhoea in
children. Aliment Pharmacol Ther. 2007;25(3):257-264.

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

Shirazinia et al

doi:10.1111/j.1365-2036.2006.03202.x
96. Billoo AG, Memon MA, Khaskheli SA, et al. Role of
a probiotic (Saccharomyces boulardii) in management
and prevention of diarrhoea. World J Gastroenterol.
2006;12(28):4557-4560. doi:10.3748/wjg.v12.i28.4557
97. Kurugöl Z, Koturoğlu G. Effects of Saccharomyces
boulardii in children with acute diarrhoea. Acta Paediatr.
2005;94(1):44-47. doi:10.1111/j.1651-2227.2005.tb01786.x
98. Villarruel G, Rubio DM, Lopez F, et al. Saccharomyces
boulardii in acute childhood diarrhoea: a randomized,
placebo-controlled study. Acta Paediatr. 2007;96(4):538541. doi:10.1111/j.1651-2227.2007.00191.x
99. Htwe K, Yee KS, Tin M, Vandenplas Y. Effect of
Saccharomyces boulardii in the treatment of acute watery
diarrhea in Myanmar children: a randomized controlled
study. Am J Trop Med Hyg. 2008;78(2):214-216.
100. McFarland LV. Meta-analysis of probiotics for the
prevention of antibiotic associated diarrhea and
the treatment of Clostridium difficile disease. Am J
Gastroenterol. 2006;101(4):812-822. doi:10.1111/j.15720241.2006.00465.x
101. McFarland LV, Surawicz CM, Greenberg RN, et al. A
randomized placebo-controlled trial of Saccharomyces
boulardii in combination with standard antibiotics for
Clostridium difficile disease. JAMA. 1994;271(24):19131918.
102. Surawicz CM, McFarland LV, Greenberg RN, et al. The
search for a better treatment for recurrent Clostridium
difficile disease: use of high-dose vancomycin
combined with Saccharomyces boulardii. Clin Infect Dis.
2000;31(4):1012-1017. doi:10.1086/318130
103. Buts JP, Corthier G, Delmee M. Saccharomyces boulardii
for Clostridium difficile-associated enteropathies in
infants. J Pediatr Gastroenterol Nutr. 1993;16(4):419-425.
doi:10.1097/00005176-199305000-00013
104. Cohen SH, Gerding DN, Johnson S, et al. Clinical practice
guidelines for Clostridium difficile infection in adults:
2010 update by the society for healthcare epidemiology
of America (SHEA) and the infectious diseases society
of America (IDSA). Infect Control Hosp Epidemiol.
2010;31(5):431-455. doi:10.1086/651706
105. Mego M, Chovanec J, Vochyanova-Andrezalova I, et al.
Prevention of irinotecan induced diarrhea by probiotics: a
randomized double blind, placebo controlled pilot study.
Complement Ther Med. 2015;23(3):356-362. doi:10.1016/j.
ctim.2015.03.008
106. Van Niel CW, Feudtner C, Garrison MM, Christakis DA.
Lactobacillus therapy for acute infectious diarrhea in
children: a meta-analysis. Pediatrics. 2002;109(4):678-684.
doi:10.1542/peds.109.4.678
107. Huang JS, Bousvaros A, Lee JW, Diaz A, Davidson EJ.
Efficacy of probiotic use in acute diarrhea in children:
a meta-analysis. Dig Dis Sci. 2002;47(11):2625-2634.
doi:10.1023/a:1020501202369
108. Szajewska H, Mrukowicz JZ. Probiotics in the
treatment and prevention of acute infectious diarrhea
in infants and children: a systematic review of published
randomized, double-blind, placebo-controlled trials.
J Pediatr Gastroenterol Nutr. 2001;33 Suppl 2:S17-25.
doi:10.1097/00005176-200110002-00004

109. Allen SJ, Okoko B, Martinez E, Gregorio G, Dans
LF. Probiotics for treating infectious diarrhoea.
Cochrane Database Syst Rev. 2004(2):CD003048.
doi:10.1002/14651858.CD003048.pub2
110. Costa-Ribeiro H, Ribeiro TC, Mattos AP, et al. Limitations
of probiotic therapy in acute, severe dehydrating diarrhea.
J Pediatr Gastroenterol Nutr. 2003;36(1):112-115.
doi:10.1097/00005176-200301000-00021
111. Sarker SA, Sultana S, Fuchs GJ, et al. Lactobacillus paracasei
strain ST11 has no effect on rotavirus but ameliorates
the outcome of nonrotavirus diarrhea in children from
Bangladesh. Pediatrics. 2005;116(2):e221-228. doi:10.1542/
peds.2004-2334
112. Szajewska H, Kotowska M, Mrukowicz JZ, Armańska
M, Mikołajczyk W. Efficacy of Lactobacillus GG in
prevention of nosocomial diarrhea in infants. J Pediatr.
2001;138(3):361-365. doi:10.1067/mpd.2001.111321
113. Mastretta E, Longo P, Laccisaglia A, et al. Effect of
Lactobacillus GG and breast-feeding in the prevention of
rotavirus nosocomial infection. J Pediatr Gastroenterol
Nutr.
2002;35(4):527-531.
doi:10.1097/00005176200210000-00013
114. Szajewska H, Mrukowicz JZ. Use of probiotics in children
with acute diarrhea. Paediatr Drugs. 2005;7(2):111-122.
doi:10.2165/00148581-200507020-00004
115. Oberhelman RA, Gilman RH, Sheen P, et al. A placebocontrolled trial of Lactobacillus GG to prevent diarrhea
in undernourished Peruvian children. J Pediatr.
1999;134(1):15-20. doi:10.1016/s0022-3476(99)70366-5
116. Hatakka K, Savilahti E, Pönkä A, et al. Effect of long term
consumption of probiotic milk on infections in children
attending day care centres: double blind, randomised trial.
BMJ. 2001;322(7298):1327. doi:10.1136/bmj.322.7298.1327
117. Weizman Z, Asli G, Alsheikh A. Effect of a probiotic infant
formula on infections in child care centers: comparison
of two probiotic agents. Pediatrics. 2005;115(1):5-9.
doi:10.1542/peds.2004-1815
118. Asadi M, Fazeli MR, Sabokbar A. Growth inhibitory
effect of lactocare on Vibrio cholerae. Iran J Pathol.
2018;13(3):301-307.
119. Saavedra JM, Bauman NA, Oung I, Perman JA,
Yolken RH. Feeding of Bifidobacterium bifidum and
Streptococcus thermophilus to infants in hospital for
prevention of diarrhoea and shedding of rotavirus.
Lancet. 1994;344(8929):1046-1049. doi:10.1016/s01406736(94)91708-6
120. Chouraqui JP, Van Egroo LD, Fichot MC. Acidified
milk formula supplemented with Bifidobacterium lactis:
impact on infant diarrhea in residential care settings.
J Pediatr Gastroenterol Nutr. 2004;38(3):288-292.
doi:10.1097/00005176-200403000-00011
121. Thibault H, Aubert-Jacquin C, Goulet O. Effects of
long-term consumption of a fermented infant formula
(with Bifidobacterium breve c50 and Streptococcus
thermophilus 065) on acute diarrhea in healthy infants.
J Pediatr Gastroenterol Nutr. 2004;39(2):147-152.
doi:10.1097/00005176-200408000-00004
122. Gutierrez-Castrellon P, Lopez-Velazquez G, Diaz-Garcia
L, et al. Diarrhea in preschool children and Lactobacillus
reuteri: a randomized controlled trial. Pediatrics.

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

79

Shirazinia et al

2014;133(4):e904-909. doi:10.1542/peds.2013-0652
123. Dinleyici EC, Vandenplas Y. Lactobacillus reuteri DSM
17938 effectively reduces the duration of acute diarrhoea
in hospitalised children. Acta Paediatr. 2014;103(7):e300305. doi:10.1111/apa.12617
124. Szajewska H, Guarino A, Hojsak I, et al. Use of probiotics
for management of acute gastroenteritis: a position paper
by the ESPGHAN Working Group for Probiotics and
Prebiotics. J Pediatr Gastroenterol Nutr. 2014;58(4):531539. doi:10.1097/mpg.0000000000000320
125. Salazar-Lindo E, Miranda-Langschwager P, CamposSanchez M, Chea-Woo E, Sack RB. Lactobacillus casei
strain GG in the treatment of infants with acute watery
diarrhea: a randomized, double-blind, placebo controlled
clinical trial [ISRCTN67363048]. BMC Pediatr. 2004;4:18.
doi:10.1186/1471-2431-4-18
126. Dethlefsen L, Huse S, Sogin ML, Relman DA. The pervasive
effects of an antibiotic on the human gut microbiota,
as revealed by deep 16S rRNA sequencing. PLoS Biol.
2008;6(11):e280. doi:10.1371/journal.pbio.0060280
127. De La Cochetière MF, Durand T, Lalande V, Petit JC, Potel
G, Beaugerie L. Effect of antibiotic therapy on human
fecal microbiota and the relation to the development of
Clostridium difficile. Microb Ecol. 2008;56(3):395-402.
doi:10.1007/s00248-007-9356-5
128. Goldenberg JZ, Lytvyn L, Steurich J, Parkin P, Mahant S,
Johnston BC. Probiotics for the prevention of pediatric
antibiotic-associated diarrhea. Cochrane Database
Syst Rev. 2015(12):CD004827. doi:10.1002/14651858.
CD004827.pub4
129. Hempel S, Newberry SJ, Maher AR, et al. Probiotics for
the prevention and treatment of antibiotic-associated
diarrhea: a systematic review and meta-analysis. JAMA.
2012;307(18):1959-1969. doi:10.1001/jama.2012.3507
130. Johnston BC, Goldenberg JZ, Vandvik PO, Sun X, Guyatt
GH. Probiotics for the prevention of pediatric antibiotic
-associated diarrhea. Cochrane Database Syst Rev.
2011(11):CD004827.
doi:10.1002/14651858.CD004827.
pub3
131. Cremonini F, Di Caro S, Nista EC, et al. Meta-analysis: the
effect of probiotic administration on antibiotic-associated
diarrhoea. Aliment Pharmacol Ther. 2002;16(8):14611467. doi:10.1046/j.1365-2036.2002.01318.x
132. D’Souza AL, Rajkumar C, Cooke J, Bulpitt CJ. Probiotics
in prevention of antibiotic associated diarrhoea: metaanalysis. BMJ. 2002;324(7350):1361. doi:10.1136/
bmj.324.7350.1361
133. Szajewska H, Mrukowicz J. Meta-analysis: non-pathogenic
yeast Saccharomyces boulardii in the prevention of
antibiotic-associated diarrhoea. Aliment Pharmacol Ther.
2005;22(5):365-372. doi:10.1111/j.1365-2036.2005.02624.x
134. Shan LS, Hou P, Wang ZJ, et al. Prevention and treatment of
diarrhoea with Saccharomyces boulardii in children with
acute lower respiratory tract infections. Benef Microbes.
2013;4(4):329-334. doi:10.3920/bm2013.0008
135. Pattani R, Palda VA, Hwang SW, Shah PS. Probiotics
for the prevention of antibiotic-associated diarrhea
and Clostridium difficile infection among hospitalized
patients: systematic review and meta-analysis. Open Med.
2013;7(2):e56-67.

80

136. Shan LS, Hou P, Wang ZJ, et al. Prevention and treatment
of diarrhoea with Saccharomyces boulardii in children with
acute lower respiratory tract infections. Benef Microbes.
2013;4(4):329-334. doi:10.3920/bm2013.0008
137. Pattani R, Palda VA, Hwang SW, Shah PS. Probiotics
for the prevention of antibiotic-associated diarrhea
and Clostridium difficile infection among hospitalized
patients: systematic review and meta-analysis. Open Med.
2013;7(2):e56-67.
138. Pochapin M. The effect of probiotics on Clostridium
difficile diarrhea. Am J Gastroenterol. 2000;95(1
Suppl):S11-13. doi:10.1016/s0002-9270(99)00809-6
139. Guo Q, Goldenberg JZ, Humphrey C, El Dib R, Johnston
BC. Probiotics for the prevention of pediatric antibioticassociated diarrhea. Cochrane Database Syst Rev.
2019;4(4):CD004827. doi:10.1002/14651858.CD004827.
pub5
140. Doron SI, Hibberd PL, Gorbach SL. Probiotics for
prevention of antibiotic-associated diarrhea. J Clin
Gastroenterol. 2008;42 Suppl 2:S58-63. doi:10.1097/
MCG.0b013e3181618ab7
141. Cai J, Zhao C, Du Y, Zhang Y, Zhao M, Zhao Q. Comparative
efficacy and tolerability of probiotics for antibioticassociated diarrhea: systematic review with network metaanalysis. United European Gastroenterol J. 2018;6(2):169180. doi:10.1177/2050640617736987
142. Wiström J, Norrby SR, Myhre EB, et al. Frequency of
antibiotic-associated diarrhoea in 2462 antibiotic-treated
hospitalized patients: a prospective study. J Antimicrob
Chemother. 2001;47(1):43-50. doi:10.1093/jac/47.1.43
143. Szajewska H, Kołodziej M. Systematic review with metaanalysis: Lactobacillus rhamnosus GG in the prevention
of antibiotic-associated diarrhoea in children and adults.
Aliment Pharmacol Ther. 2015;42(10):1149-1157.
doi:10.1111/apt.13404
144. Wan CM, Yu H, Liu G, et al. [A multicenter randomized
controlled study of Saccharomyces boulardii in the
prevention of antibiotic-associated diarrhea in infants and
young children]. Zhonghua Er Ke Za Zhi. 2017;55(5):349354. doi:10.3760/cma.j.issn.0578-1310.2017.05.008
145. Edwards-Marshall M. Can probiotics prevent antibiotic-or
Clostridium difficile-associated diarrhea in long-term care
residents? Ann Longterm Care. 2011;19(6):28-32.
146. Urbańska M, Gieruszczak-Białek D, Szajewska H.
Systematic review with meta-analysis: Lactobacillus reuteri
DSM 17938 for diarrhoeal diseases in children. Aliment
Pharmacol Ther. 2016;43(10):1025-1034. doi:10.1111/
apt.13590
147. Lionetti E, Miniello VL, Castellaneta SP, et al.
Lactobacillus reuteri therapy to reduce side-effects
during anti-Helicobacter pylori treatment in children: a
randomized placebo controlled trial. Aliment Pharmacol
Ther.
2006;24(10):1461-1468.
doi:10.1111/j.13652036.2006.03145.x
148. Fox MJ, Ahuja KD, Robertson IK, Ball MJ, Eri RD.
Can probiotic yogurt prevent diarrhoea in children
on antibiotics? a double-blind, randomised, placebocontrolled study. BMJ Open. 2015;5(1):e006474.
doi:10.1136/bmjopen-2014-006474
149. Olek A, Woynarowski M, Ahrén IL, et al. Efficacy and

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

Shirazinia et al

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

safety of Lactobacillus plantarum DSM 9843 (LP299V)
in the prevention of antibiotic-associated gastrointestinal
symptoms in children-randomized, double-blind, placebocontrolled study. J Pediatr. 2017;186:82-86. doi:10.1016/j.
jpeds.2017.03.047
Patro-Golab B, Shamir R, Szajewska H. Yogurt for treating
antibiotic-associated diarrhea: systematic review and metaanalysis. Nutrition. 2015;31(6):796-800. doi:10.1016/j.
nut.2014.11.013
Ruszczyński M, Radzikowski A, Szajewska H. Clinical
trial: effectiveness of Lactobacillus rhamnosus (strains
E/N, Oxy and Pen) in the prevention of antibioticassociated diarrhoea in children. Aliment Pharmacol Ther.
2008;28(1):154-161. doi:10.1111/j.1365-2036.2008.03714.x
Shen NT, Maw A, Tmanova LL, et al. Timely use of
probiotics in hospitalized adults prevents Clostridium
difficile infection: a systematic review with meta-regression
analysis. Gastroenterology. 2017;152(8):1889-1900.e1889.
doi:10.1053/j.gastro.2017.02.003
Szajewska H, Ruszczyński M, Radzikowski A. Probiotics in
the prevention of antibiotic-associated diarrhea in children:
a meta-analysis of randomized controlled trials. J Pediatr.
2006;149(3):367-372. doi:10.1016/j.jpeds.2006.04.053
Szajewska H, Canani RB, Guarino A, et al. Probiotics
for the prevention of antibiotic-associated diarrhea in
children. J Pediatr Gastroenterol Nutr. 2016;62(3):495-506.
doi:10.1097/mpg.0000000000001081
Dendukuri N, Costa V, McGregor M, Brophy JM. Probiotic
therapy for the prevention and treatment of Clostridium
difficile-associated diarrhea: a systematic review. CMAJ.
2005;173(2):167-170. doi:10.1503/cmaj.050350
Rafter J, Bennett M, Caderni G, et al. Dietary synbiotics
reduce cancer risk factors in polypectomized and colon
cancer patients. Am J Clin Nutr. 2007;85(2):488-496.
doi:10.1093/ajcn/85.2.488
Thirabunyanon M, Boonprasom P, Niamsup P. Probiotic
potential of lactic acid bacteria isolated from fermented
dairy milks on antiproliferation of colon cancer cells.
Biotechnol Lett. 2009;31(4):571-576. doi:10.1007/s10529008-9902-3
Choi SS, Kim Y, Han KS, You S, Oh S, Kim SH. Effects
of Lactobacillus strains on cancer cell proliferation and
oxidative stress in vitro. Lett Appl Microbiol. 2006;42(5):452458. doi:10.1111/j.1472-765X.2006.01913.x
de Moreno de Leblanc A, Perdigón G. The application
of probiotic fermented milks in cancer and intestinal
inflammation. Proc Nutr Soc. 2010;69(3):421-428.
doi:10.1017/s002966511000159x
Chen CC, Lin WC, Kong MS, et al. Oral inoculation of
probiotics Lactobacillus acidophilus NCFM suppresses
tumour growth both in segmental orthotopic colon cancer
and extra-intestinal tissue. Br J Nutr. 2012;107(11):16231634. doi:10.1017/s0007114511004934
Appleyard CB, Cruz ML, Isidro AA, Arthur JC, Jobin C, De
Simone C. Pretreatment with the probiotic VSL#3 delays
transition from inflammation to dysplasia in a rat model
of colitis-associated cancer. Am J Physiol Gastrointest
Liver Physiol. 2011;301(6):G1004-1013. doi:10.1152/
ajpgi.00167.2011
Sivieri K, Spinardi-Barbisan ALT, Barbisan LF, et al.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Probiotic Enterococcus faecium CRL 183 inhibit chemically
induced colon cancer in male Wistar rats. Eur Food Res
Technol. 2008;228(2):231-237. doi:10.1007/s00217-0080927-6
Ma EL, Choi YJ, Choi J, Pothoulakis C, Rhee SH, Im E.
The anticancer effect of probiotic Bacillus polyfermenticus
on human colon cancer cells is mediated through ErbB2
and ErbB3 inhibition. Int J Cancer. 2010;127(4):780-790.
doi:10.1002/ijc.25011
Nami Y, Abdullah N, Haghshenas B, Radiah D, Rosli R,
Khosroushahi AY. Probiotic potential and biotherapeutic
effects of newly isolated vaginal Lactobacillus acidophilus
36YL strain on cancer cells. Anaerobe. 2014;28:29-36.
doi:10.1016/j.anaerobe.2014.04.012
de Moreno de LeBlanc A, Matar C, Perdigón G. The
application of probiotics in cancer. Br J Nutr. 2007;98 Suppl
1:S105-110. doi:10.1017/s0007114507839602
Kumar M, Kumar A, Nagpal R, et al. Cancer-preventing
attributes of probiotics: an update. Int J Food Sci Nutr.
2010;61(5):473-496. doi:10.3109/09637480903455971
Uccello M, Malaguarnera G, Basile F, et al. Potential role
of probiotics on colorectal cancer prevention. BMC Surg.
2012;12 Suppl 1:S35. doi:10.1186/1471-2482-12-s1-s35
Ambalam P, Raman M, Purama RK, Doble M. Probiotics,
prebiotics and colorectal cancer prevention. Best Pract
Res Clin Gastroenterol. 2016;30(1):119-131. doi:10.1016/j.
bpg.2016.02.009
Raman M, Ambalam P, Kondepudi KK, et al. Potential
of probiotics, prebiotics and synbiotics for management
of colorectal cancer. Gut Microbes. 2013;4(3):181-192.
doi:10.4161/gmic.23919
Shida K, Nomoto K. Probiotics as efficient
immunopotentiators: translational role in cancer
prevention. Indian J Med Res. 2013;138(5):808-814.
Saber A, Alipour B, Faghfoori Z, Yari Khosroushahi A.
Cellular and molecular effects of yeast probiotics on cancer.
Crit Rev Microbiol. 2017;43(1):96-115. doi:10.1080/10408
41x.2016.1179622
Dasari S, Kathera C, Janardhan A, Praveen Kumar A,
Viswanath B. Surfacing role of probiotics in cancer
prophylaxis and therapy: a systematic review. Clin Nutr.
2017;36(6):1465-1472. doi:10.1016/j.clnu.2016.11.017
Saikali J, Picard C, Freitas M, Holt P. Fermented milks,
probiotic cultures, and colon cancer. Nutr Cancer.
2004;49(1):14-24. doi:10.1207/s15327914nc4901_3
Zhu Y, Michelle Luo T, Jobin C, Young HA. Gut microbiota
and probiotics in colon tumorigenesis. Cancer Lett.
2011;309(2):119-127. doi:10.1016/j.canlet.2011.06.004
Chong ES. A potential role of probiotics in colorectal
cancer prevention: review of possible mechanisms of
action. World J Microbiol Biotechnol. 2014;30(2):351-374.
doi:10.1007/s11274-013-1499-6
Commane D, Hughes R, Shortt C, Rowland I. The
potential mechanisms involved in the anti-carcinogenic
action of probiotics. Mutat Res. 2005;591(1-2):276-289.
doi:10.1016/j.mrfmmm.2005.02.027
Kumar M, Nagpal R, Verma V, et al. Probiotic metabolites
as epigenetic targets in the prevention of colon cancer.
Nutr
Rev.
2013;71(1):23-34.
doi:10.1111/j.17534887.2012.00542.x

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

81

Shirazinia et al

178. Patel S, Goyal A. Evolving roles of probiotics in cancer
prophylaxis and therapy. Probiotics Antimicrob Proteins.
2013;5(1):59-67. doi:10.1007/s12602-012-9124-9
179. Kahouli I, Tomaro-Duchesneau C, Prakash S. Probiotics
in colorectal cancer (CRC) with emphasis on mechanisms
of action and current perspectives. J Med Microbiol.
2013;62(Pt 8):1107-1123. doi:10.1099/jmm.0.048975-0
180. So SS, Wan ML, El-Nezami H. Probiotics-mediated
suppression of cancer. Curr Opin Oncol. 2017;29(1):62-72.
doi:10.1097/cco.0000000000000342
181. Zhong L, Zhang X, Covasa M. Emerging roles of lactic acid
bacteria in protection against colorectal cancer. World J
Gastroenterol. 2014;20(24):7878-7886. doi:10.3748/wjg.
v20.i24.7878
182. Davis CD, Milner JA. Gastrointestinal microflora, food
components and colon cancer prevention. J Nutr Biochem.
2009;20(10):743-752. doi:10.1016/j.jnutbio.2009.06.001
183. Motevaseli E, Dianatpour A, Ghafouri-Fard S. The role of
probiotics in cancer treatment: emphasis on their in vivo
and in vitro anti-metastatic effects. Int J Mol Cell Med.
2017;6(2):66-76. doi:10.22088/acadpub.BUMS.6.2.1
184. Serban DE. Gastrointestinal cancers: influence of gut
microbiota, probiotics and prebiotics. Cancer Lett.
2014;345(2):258-270. doi:10.1016/j.canlet.2013.08.013
185. Takagi A, Kano M, Kaga C. Possibility of breast cancer
prevention: use of soy isoflavones and fermented soy
beverage produced using probiotics. Int J Mol Sci.
2015;16(5):10907-10920. doi:10.3390/ijms160510907
186. Bassaganya-Riera J, Viladomiu M, Pedragosa M, De
Simone C, Hontecillas R. Immunoregulatory mechanisms
underlying prevention of colitis-associated colorectal
cancer by probiotic bacteria. PLoS One. 2012;7(4):e34676.
doi:10.1371/journal.pone.0034676
187. Kumar KS, Sastry N, Polaki H, Mishra V. Colon cancer
prevention through probiotics: an overview. J Cancer Sci
Ther. 2015;7(2):81-92.
188. Daniluk U. Probiotics, the new approach for cancer
prevention and/or potentialization of anti-cancer treatment.
J Clin Exp Oncol. 2012;1(2):1000e105. doi:10.4172/23249110.1000e105
189. Feyisetan O, Tracey C, Hellawell GO. Probiotics, dendritic
cells and bladder cancer. BJU Int. 2012;109(11):1594-1597.
doi:10.1111/j.1464-410X.2011.10749.x
190. Sharma M, Shukla G. Metabiotics: one step ahead of
probiotics; an insight into mechanisms involved in
anticancerous effect in colorectal cancer. Front Microbiol.
2016;7:1940. doi:10.3389/fmicb.2016.01940
191. Saadatzadeh A, Fazeli MR, Jamalifar H, Dinarvand
R. Probiotic properties of lyophilized cell free extract
of Lactobacillus casei. Jundishapur J Nat Pharm Prod.
2013;8(3):131-137. doi:10.17795/jjnpp-8564
192. Bauserman M, Michail S. The use of Lactobacillus GG
in irritable bowel syndrome in children: a double-blind
randomized control trial. J Pediatr. 2005;147(2):197-201.
doi:10.1016/j.jpeds.2005.05.015
193. Francavilla R, Miniello V, Magistà AM, et al. A randomized
controlled trial of Lactobacillus GG in children with
functional abdominal pain. Pediatrics. 2010;126(6):e14451452. doi:10.1542/peds.2010-0467
194. Horvath A, Dziechciarz P, Szajewska H. Meta-analysis:

82

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Lactobacillus rhamnosus GG for abdominal pain-related
functional gastrointestinal disorders in childhood. Aliment
Pharmacol Ther. 2011;33(12):1302-1310. doi:10.1111/
j.1365-2036.2011.04665.x
Vivatvakin B, Mahayosnond A, Theamboonlers A,
Steenhout PG, Conus NJ. Effect of a whey-predominant
starter formula containing LCPUFAs and oligosaccharides
(FOS/GOS) on gastrointestinal comfort in infants. Asia Pac
J Clin Nutr. 2010;19(4):473-480.
Korterink JJ, Ockeloen L, Benninga MA, Tabbers MM,
Hilbink M, Deckers-Kocken JM. Probiotics for childhood
functional gastrointestinal disorders: a systematic review
and meta-analysis. Acta Paediatr. 2014;103(4):365-372.
doi:10.1111/apa.12513
Yang YJ, Sheu BS. Probiotics-containing yogurts suppress
Helicobacter pylori load and modify immune response and
intestinal microbiota in the Helicobacter pylori-infected
children. Helicobacter. 2012;17(4):297-304. doi:10.1111/
j.1523-5378.2012.00941.x
Vandenplas Y, Huys G, Daube G. Probiotics: an update.
J Pediatr (Rio J). 2015;91(1):6-21. doi:10.1016/j.
jped.2014.08.005
Szajewska H, Horvath A, Piwowarczyk A. Meta-analysis:
the effects of Saccharomyces boulardii supplementation on
Helicobacter pylori eradication rates and side effects during
treatment. Aliment Pharmacol Ther. 2010;32(9):10691079. doi:10.1111/j.1365-2036.2010.04457.x
Li S, Huang XL, Sui JZ, et al. Meta-analysis of randomized
controlled trials on the efficacy of probiotics in Helicobacter
pylori eradication therapy in children. Eur J Pediatr.
2014;173(2):153-161. doi:10.1007/s00431-013-2220-3
Goderska K, Agudo Pena S, Alarcon T. Helicobacter
pylori treatment: antibiotics or probiotics. Appl Microbiol
Biotechnol. 2018;102(1):1-7. doi:10.1007/s00253-0178535-7
Homan M, Orel R. Are probiotics useful in
Helicobacter pylori eradication? World J Gastroenterol.
2015;21(37):10644-10653. doi:10.3748/wjg.v21.i37.10644
Song HY, Zhou L, Liu DY, Yao XJ, Li Y. What roles do
probiotics play in the eradication of Helicobacter pylori?
current knowledge and ongoing research. Gastroenterol
Res Pract. 2018;2018:9379480. doi:10.1155/2018/9379480
Lesbros-Pantoflickova D, Corthésy-Theulaz I, Blum AL.
Helicobacter pylori and probiotics. J Nutr. 2007;137(3 Suppl
2):812s-818s. doi:10.1093/jn/137.3.812S
Losurdo G, Cubisino R, Barone M, et al. Probiotic
monotherapy and Helicobacter pylori eradication: a
systematic review with pooled-data analysis. World J
Gastroenterol. 2018;24(1):139-149. doi:10.3748/wjg.v24.
i1.139
Wu L, Wang Z, Sun G, et al. Effects of anti-H. pylori triple
therapy and a probiotic complex on intestinal microbiota
in duodenal ulcer. Sci Rep. 2019;9(1):12874. doi:10.1038/
s41598-019-49415-3
Westerik N, Reid G, Sybesma W, Kort R. The probiotic
Lactobacillus rhamnosus for alleviation of Helicobacter
pylori-associated gastric pathology in East Africa. Front
Microbiol. 2018;9:1873. doi:10.3389/fmicb.2018.01873
Benninga M, Candy DC, Catto-Smith AG, et al. The Paris
consensus on childhood constipation terminology (PACCT)

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

Shirazinia et al

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

group. J Pediatr Gastroenterol Nutr. 2005;40(3):273-275.
doi:10.1097/01.mpg.0000158071.24327.88
Tabbers MM, de Milliano I, Roseboom MG, Benninga
MA. Is Bifidobacterium breve effective in the treatment of
childhood constipation? results from a pilot study. Nutr J.
2011;10:19. doi:10.1186/1475-2891-10-19
Bekkali NL, Bongers ME, Van den Berg MM, Liem O,
Benninga MA. The role of a probiotics mixture in the
treatment of childhood constipation: a pilot study. Nutr J.
2007;6:17. doi:10.1186/1475-2891-6-17
Bu LN, Chang MH, Ni YH, Chen HL, Cheng CC.
Lactobacillus casei rhamnosus Lcr35 in children with
chronic constipation. Pediatr Int. 2007;49(4):485-490.
doi:10.1111/j.1442-200X.2007.02397.x
Ibnou-Zekri N, Blum S, Schiffrin EJ, von der Weid T.
Divergent patterns of colonization and immune response
elicited from two intestinal Lactobacillus strains that display
similar properties in vitro. Infect Immun. 2003;71(1):428436. doi:10.1128/iai.71.1.428-436.2003
Ritchie ML, Romanuk TN. A meta-analysis of probiotic
efficacy for gastrointestinal diseases. PLoS One.
2012;7(4):e34938. doi:10.1371/journal.pone.0034938
Coccorullo P, Strisciuglio C, Martinelli M, Miele E,
Greco L, Staiano A. Lactobacillus reuteri (DSM 17938) in
infants with functional chronic constipation: a doubleblind, randomized, placebo-controlled study. J Pediatr.
2010;157(4):598-602. doi:10.1016/j.jpeds.2010.04.066
Guerra PV, Lima LN, Souza TC, et al. Pediatric functional
constipation treatment with Bifidobacterium-containing
yogurt: a crossover, double-blind, controlled trial. World
J Gastroenterol. 2011;17(34):3916-3921. doi:10.3748/wjg.
v17.i34.3916
Tabbers MM, Chmielewska A, Roseboom MG, et al.
Fermented milk containing Bifidobacterium lactis DN-173
010 in childhood constipation: a randomized, doubleblind, controlled trial. Pediatrics. 2011;127(6):e1392-1399.
doi:10.1542/peds.2010-2590
Jose S, Mohamad Ismael K. Effect of probiotics on
constipation in children. Int J Contemp Pediatr.
2018;5(1):46-9. doi:10.18203/2349-3291.ijcp20175506
Choi CH, Chang SK. Alteration of gut microbiota
and efficacy of probiotics in functional constipation. J
Neurogastroenterol Motil. 2015;21(1):4-7. doi:10.5056/
jnm14142
Dimidi E, Christodoulides S, Fragkos KC, Scott SM,
Whelan K. The effect of probiotics on functional
constipation in adults: a systematic review and metaanalysis of randomized controlled trials. Am J Clin Nutr.
2014;100(4):1075-1084. doi:10.3945/ajcn.114.089151
Zhao Y, Yu YB. Intestinal microbiota and chronic
constipation. Springerplus. 2016;5(1):1130. doi:10.1186/
s40064-016-2821-1
Yeşilova Y, Çalka Ö, Akdeniz N, Berktaş M. Effect of
probiotics on the treatment of children with atopic
dermatitis.
Ann
Dermatol.
2012;24(2):189-193.
doi:10.5021/ad.2012.24.2.189
Weise C, Zhu Y, Ernst D, Kühl AA, Worm M.
Oral administration of Escherichia coli Nissle 1917
prevents allergen-induced dermatitis in mice. Exp
Dermatol.
2011;20(10):805-809.
doi:10.1111/j.1600-

0625.2011.01326.x
223. Kukkonen K, Savilahti E, Haahtela T, et al. Long-term
safety and impact on infection rates of postnatal probiotic
and prebiotic (synbiotic) treatment: randomized, doubleblind, placebo-controlled trial. Pediatrics. 2008;122(1):812. doi:10.1542/peds.2007-1192
224. Dotterud CK, Storrø O, Johnsen R, Oien T. Probiotics in
pregnant women to prevent allergic disease: a randomized,
double-blind trial. Br J Dermatol. 2010;163(3):616-623.
doi:10.1111/j.1365-2133.2010.09889.x
225. Doege K, Grajecki D, Zyriax BC, Detinkina E, Zu Eulenburg
C, Buhling KJ. Impact of maternal supplementation
with probiotics during pregnancy on atopic eczema in
childhood--a meta-analysis. Br J Nutr. 2012;107(1):1-6.
doi:10.1017/s0007114511003400
226. Guéniche A, Bastien P, Ovigne JM, et al. Bifidobacterium
longum lysate, a new ingredient for reactive skin.
Exp Dermatol. 2010;19(8):e1-8. doi:10.1111/j.16000625.2009.00932.x
227. Lew LC, Liong MT. Bioactives from probiotics for
dermal health: functions and benefits. J Appl Microbiol.
2013;114(5):1241-1253. doi:10.1111/jam.12137
228. Weston S, Halbert A, Richmond P, Prescott SL. Effects of
probiotics on atopic dermatitis: a randomised controlled
trial. Arch Dis Child. 2005;90(9):892-897. doi:10.1136/
adc.2004.060673
229. Betsi GI, Papadavid E, Falagas ME. Probiotics for the
treatment or prevention of atopic dermatitis: a review of
the evidence from randomized controlled trials. Am J
Clin Dermatol. 2008;9(2):93-103. doi:10.2165/00128071200809020-00002
230. Brouwer ML, Wolt-Plompen SA, Dubois AE, et al. No
effects of probiotics on atopic dermatitis in infancy: a
randomized placebo-controlled trial. Clin Exp Allergy.
2006;36(7):899-906. doi:10.1111/j.1365-2222.2006.02513.x
231. Pelucchi C, Chatenoud L, Turati F, et al. Probiotics
supplementation during pregnancy or infancy for
the prevention of atopic dermatitis: a meta-analysis.
Epidemiology.
2012;23(3):402-414.
doi:10.1097/
EDE.0b013e31824d5da2
232. Sistek D, Kelly R, Wickens K, Stanley T, Fitzharris P, Crane
J. Is the effect of probiotics on atopic dermatitis confined to
food sensitized children? Clin Exp Allergy. 2006;36(5):629633. doi:10.1111/j.1365-2222.2006.02485.x
233. Yeşilova Y, Çalka Ö, Akdeniz N, Berktaş M. Effect of
probiotics on the treatment of children with atopic
dermatitis.
Ann
Dermatol.
2012;24(2):189-193.
doi:10.5021/ad.2012.24.2.189
234. Michail SK, Stolfi A, Johnson T, Onady GM. Efficacy of
probiotics in the treatment of pediatric atopic dermatitis: a
meta-analysis of randomized controlled trials. Ann Allergy
Asthma Immunol. 2008;101(5):508-516. doi:10.1016/
s1081-1206(10)60290-6
235. Miraglia del Giudice M Jr, De Luca MG. The role of
probiotics in the clinical management of food allergy
and atopic dermatitis. J Clin Gastroenterol. 2004;38(6
Suppl):S84-85. doi:10.1097/01.mcg.0000133293.18576.d2
236. Miraglia del Giudice M Jr, De Luca MG, Capristo C.
Probiotics and atopic dermatitis. A new strategy in
atopic dermatitis. Dig Liver Dis. 2002;34 Suppl 2:S68-71.

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

83

Shirazinia et al

doi:10.1016/s1590-8658(02)80169-4
237. Jan RL, Yeh KC, Hsieh MH, et al. Lactobacillus gasseri
suppresses Th17 pro-inflammatory response and attenuates
allergen-induced airway inflammation in a mouse model
of allergic asthma. Br J Nutr. 2012;108(1):130-139.
doi:10.1017/s0007114511005265
238. Meneghin F, Fabiano V, Mameli C, Zuccotti GV. Probiotics
and atopic dermatitis in children. Pharmaceuticals (Basel).
2012;5(7):727-744. doi:10.3390/ph5070727
239. Foolad N, Armstrong AW. Prebiotics and probiotics: the
prevention and reduction in severity of atopic dermatitis in
children. Benef Microbes. 2014;5(2):151-160. doi:10.3920/
bm2013.0034
240. Woo SI, Kim JY, Lee YJ, Kim NS, Hahn YS. Effect of
Lactobacillus sakei supplementation in children with
atopic eczema-dermatitis syndrome. Ann Allergy
Asthma Immunol. 2010;104(4):343-348. doi:10.1016/j.
anai.2010.01.020
241. Han Y, Kim B, Ban J, et al. A randomized trial of Lactobacillus
plantarum CJLP133 for the treatment of atopic dermatitis.
Pediatr Allergy Immunol. 2012;23(7):667-673. doi:10.1111/
pai.12010
242. Rosenfeldt V, Benfeldt E, Nielsen SD, et al. Effect of
probiotic Lactobacillus strains in children with atopic
dermatitis. J Allergy Clin Immunol. 2003;111(2):389-395.
doi:10.1067/mai.2003.389
243. Niccoli AA, Artesi AL, Candio F, et al. Preliminary results
on clinical effects of probiotic Lactobacillus salivarius
LS01 in children affected by atopic dermatitis. J Clin
Gastroenterol. 2014;48 Suppl 1:S34-36. doi:10.1097/
mcg.0000000000000233
244. Lee J, Seto D, Bielory L. Meta-analysis of clinical trials of
probiotics for prevention and treatment of pediatric atopic
dermatitis. J Allergy Clin Immunol. 2008;121(1):116-121.
e111. doi:10.1016/j.jaci.2007.10.043
245. Drago L, Iemoli E, Rodighiero V, Nicola L, De Vecchi E,
Piconi S. Effects of Lactobacillus salivarius LS01 (DSM
22775) treatment on adult atopic dermatitis: a randomized

84

246.

247.

248.

249.

250.

251.

252.

253.

placebo-controlled study. Int J Immunopathol Pharmacol.
2011;24(4):1037-1048. doi:10.1177/039463201102400421
Gerasimov SV, Vasjuta VV, Myhovych OO, Bondarchuk LI.
Probiotic supplement reduces atopic dermatitis in preschool
children: a randomized, double-blind, placebo-controlled,
clinical trial. Am J Clin Dermatol. 2010;11(5):351-361.
doi:10.2165/11531420-000000000-00000
Rosenfeldt V, Benfeldt E, Valerius NH, Paerregaard A,
Michaelsen KF. Effect of probiotics on gastrointestinal
symptoms and small intestinal permeability in children
with atopic dermatitis. J Pediatr. 2004;145(5):612-616.
doi:10.1016/j.jpeds.2004.06.068
Gøbel R, Larsen N, Mølgaard C, Jakobsen M, Michaelsen
KF. Probiotics to young children with atopic dermatitis:
a randomized placebo-controlled trial. Int J Probiotics
Prebiotics. 2010;5(2):53-59.
Kim SO, Ah YM, Yu YM, Choi KH, Shin WG, Lee JY.
Effects of probiotics for the treatment of atopic dermatitis: a
meta-analysis of randomized controlled trials. Ann Allergy
Asthma Immunol. 2014;113(2):217-226. doi:10.1016/j.
anai.2014.05.021
Panduru M, Panduru NM, Sălăvăstru CM, Tiplica GS.
Probiotics and primary prevention of atopic dermatitis:
a meta-analysis of randomized controlled studies. J Eur
Acad Dermatol Venereol. 2015;29(2):232-242. doi:10.1111/
jdv.12496
Iemoli E, Trabattoni D, Parisotto S, et al. Probiotics reduce
gut microbial translocation and improve adult atopic
dermatitis. J Clin Gastroenterol. 2012;46 Suppl:S33-40.
doi:10.1097/MCG.0b013e31826a8468
Grüber C, Wendt M, Sulser C, et al. Randomized, placebocontrolled trial of Lactobacillus rhamnosus GG as treatment
of atopic dermatitis in infancy. Allergy. 2007;62(11):12701276. doi:10.1111/j.1398-9995.2007.01543.x
Viljanen M, Savilahti E, Haahtela T, et al. Probiotics in
the treatment of atopic eczema/dermatitis syndrome in
infants: a double-blind placebo-controlled trial. Allergy.
2005;60(4):494-500. doi:10.1111/j.1398-9995.2004.00514.x

International Journal of Basic Science in Medicine. Volume 5, Issue 3, 2020

