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Abstract

probiotic strains and not on probiotics in general.

gastrointestinal disorders

During the last decade several paediatric studies have been published with different possible indications for
probiotics, leading to a global increase of probiotics’ market. Nevertheless, different study designs, multiple single/
combined strains and small sample size still leave many uncertainties regarding their efficacy. In addition, different
regulatory and quality control issues make still very difficult the interpretation of the clinical data. The objective of
this review is to critically summarise the current evidence on probiotics’ efficacy and safety on a different number
of pathologies, including necrotizing enterocolitis, acute infectious diarrhoea, allergic diseases and functional
gastrointestinal disorders in order to guide paediatric healthcare professionals on using evidence-based probiotics’
strains. To identify relevant data, literature searches were performed including Medline-PubMed, the Cochrane
Library and EMBASE databases. Considering probiotics strain-specific effects, the main focus was on individual
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Introduction

The International Scientific Association for Probiotics and
Prebiotics (ISAPP) has recently revised the definition of
probiotics [1]. The selected international panel recognised
that probiotics’ definition provided in 2001 WHO/FAO
[2] was valuable and well-renowned among researchers,
regulators and consumers and decided to only slightly re-
phrase it, as following: “live microorganisms that, when
administered in adequate amounts, confer a health benefit
on the host” [1]. In order to fulfil this definition, probiotics
have to be present in a reasonable amount within the
product. It has been suggested that at least 1 x 10° colony-
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forming units (CFU) are needed in order to guarantee the
passage through the gastrointestinal (GI) tract and the gut
colonization for exerting a measurable beneficial effects
[3]. A huge confusion regarding probiotics regulation still
exists among different countries. In most cases probiotics
have been recognised within the category “food supple-
ments or dietary supplements”, while some regulatory
agencies inquired whether they should be included within
drugs’ umbrella, with all the consequences related to the
more stringent pre and post-market safety criteria [4—6].
In Europe, probiotic-containing foods and food supple-
ments are subjected to European Union regulation cov-
ered by the Food Products Directive and Regulation [7].
Since 2006, the European Food Safety Authority (EFSA) is
responsible for food and food supplements evaluation.
EFSA is consequently in charge for probiotics’ evaluation,
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in particular regarding health claims [8]. Accordingly to
the European regulation, the Italian Ministry of Health
confirmed the use of the word probiotics for food and
food supplements under certain conditions, including a
minimum number of viable cells (1 x 10° CFU) adminis-
tered per day, a full genetic characterization of the pro-
biotic strain and a demonstrable history of safe use in the
Italian market [9]. However, despite the existence of spe-
cific regulatory agencies, in 2017 the European Society of
Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN) Working group for Probiotics and Prebiotics
released a position paper highlighting the need for
improved quality controls [10]. In details, the authors after
reviewing the literature, provided evidence of the inad-
equate quality of commercial probiotic products, in par-
ticular regarding microorganism specification, quantity,
properties, and the presence of contaminants and con-
cluded that more stringent quality control procedures are
urgently needed and should be considered mandatory,
also taking into account the vulnerability of paediatric
population [10]. Differently from Europe, Food and Drug
Administration already in 2007 released very stringent
manufacturer instructions for food supplements, including
probiotics [11]. Nevertheless, up to date these rules do not
require control or verification of the effective quality of
the product [11]. Despite the regulatory and quality con-
trol pitfalls, in the last decade a large number of paediatric
studies, including randomized controlled trials (RCTs),
and even systematic reviews and metanalyses have been
published with different possible indications for probio-
tics, leading to a global increase of probiotics’ market [12—
14]. The effects of probiotics have been highly strain-
specific in relation to the different pathologies. Further-
more, a recently published paper by Zheng et al. clearly
highlights how continuous changes of probiotics’ tax-
onomy may impair comparative analyses between differ-
ent RCTs [15].

The aim of this review is to critically evaluate the lit-
erature on the efficacy and safety of specific probiotics
strains in various paediatric diseases, including neonatal,
allergic, infectious and GI disorders.

Methods

A panel of experts was selected from across a range of
paediatric disciplines within the Italian Society of
Pediatrics. A face-to-face meeting resulted in organizing
the manuscript into 4 different sections, choosing the most
common topics for each different discipline, namely: necro-
tizing enterocolitis and late onset sepsis; acute infectious
diarrhoea (AID); allergic diseases; functional gastrointes-
tinal disorders (FGIDs). Each working subgroup was asked
to perform a literature search using Medline-PubMed, the
Cochrane Library and EMBASE databases with appropriate
search strategies (available upon request) using a last
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search date of December 1st, 2019. Considering probiotics
strain-specific effects, the main focus was on data on indi-
vidual probiotic strains, rather than probiotics in general.

Results

Necrotizing Enterocolitis and late onset Sepsis
Necrotizing enterocolitis (NEC) and sepsis are leading
causes of mortality and morbidity in premature infants;
NEC has an incidence varying from 2,6 to 28% and an
average mortality of 20-30%, up to 50% for infants re-
quiring surgical treatment [16]. Late onset sepsis (LOS)
occurs approximately in 20% of very low birth weight
(VLBW) infants and has a significant overall mortality
risk and potential long-term neurodevelopmental seque-
lae [17]. The onset of both conditions is rapidly progres-
sive with involvement of multiple organs and treatment
is unlikely to be wholly successful. Preventive strategies
are urgently needed. The pathogenesis of NEC is multi-
factorial and incompletely understood, but the immatur-
ity of intestinal barrier function and the development of
an altered gut microbiota, with possible translocation of
potentially pathogenic bacteria, may play an important
role. Similar mechanisms are likely to be involved in
cases of LOS when the infecting organism originates
from a reservoir within the intestine [18-20]. The im-
portance of a diverse intestinal microbiome for good
health in later life has been long recognized. These bac-
teria have a range of roles, improving the intestinal im-
munological defences, preventing colonization and
possible invasion by pathogens through the intestinal
wall. After preterm birth, acquisition of the microbiome
is slow, typically less diverse, and dominated by Entero-
bacteriaceae with relatively few Lactobacilli and Bifido-
bacteria. The contribution of abnormal patterns of the
intestinal microbiota to the clinical onset of NEC and
LOS is not clear, but there is evidence of perturbations
of the gut microbiota in the period preceding the onset
of clinical illness. The most recent Cochrane review of
this topic, including 24 studies and more than 5500 in-
fants, produced recommendations for the routine use of
probiotics in prevention of NEC and mortality in pre-
term infants [21]. However, concerns about the efficacy
and safety of probiotics in this population have limited
their introduction into clinical practice. Actually, a re-
cent survey demonstrated that probiotic provision varies
between 0 and 100% in 153 different NICU in the world
[22]. In the 5 years after the Cochrane review publication
[21], more clinical trials and metanalyses have been per-
formed to better evaluate the role of probiotics in the
prevention of NEC and LOS in preterm infants. In 2015
Aceti et al. on behalf of the Italian Society of Neonat-
ology, performed a new systematic review: the results
show an overall benefit of probiotic supplementation for
the prevention of NEC [23]. The 26 studies included in
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the metanalysis were extremely heterogeneous and in
very few studies the same probiotic strain was used,
weakening a strain specific sub-metanalysis. After pool-
ing studies according to probiotic genus, no effect was
documented for Lactobacilli and Saccharomyces; the
analysis of studies using Bifidobacteria showed a signifi-
cant efficacy of Bifidobacterium breve (B. breve) in redu-
cing NEC [23]. Both these findings are in contrast with
the Cochrane review [21]; the discrepancy may be due to
differences in the studies included. Given the small
number of trials reporting the rates of NEC in extremely
low birth weight (ELBW) and intrauterine growth re-
striction (IUGR) infants, no specific recommendation
was drawn in these two populations. In 2016, Costeloe
et al. published a large RCT, the PiPs trial, recruiting
more than 1000 babies [24]. The authors chose a single
strain probiotic product (B. breve BBG-001) with the
best available evidences at that time and an appropriate
comparison group. No significantly differences were ob-
served in LOS, NEC or death [24]. The disappointing re-
sults of the PiPs trial caused a major drawback for the
use of probiotics in the management of the preterms. In
2017, Uberos conducted a retrospective cohort study
evaluating clinical outcomes in VLBW infants, before
and after the introduction of routinely probiotics supple-
mentation with Lactobacillus rhamnosus GG (LGG) or
Lactobacillus acidophilus (L. acidophilus) and Lactoba-
cillus bifidum (L. bifidum) [25]. The authors observed a
significant reduction in NEC > Stage II (11.3 vs 4.8%),
LOS (16 vs 10.5%) and mortality (19.4 vs 2.3%) in infants
born before 32 weeks of gestational age (WGA), while in
neonates aged <27 weeks the reduction was not statisti-
cally significant [25]. In the same year, Aceti et al., on
behalf of the Italian Society of Neonatology published
another metanalysis of 25 trials on probiotics and LOS:
probiotics’ supplementation resulted in a significantly
lower incidence of LOS (RR 0.79) [26]. According to
feeding type, the beneficial effect was confirmed only in
exclusively human milk (HM) fed preterm infants, prob-
ably because of a synergic action of probiotics and prebi-
otics compounds of HM (RR=0.75) and only for
probiotic mixtures [26]. Another review of 30 RCTs and
14 observational studies showed a reduction up to 50%
of severe NEC and about 25% of all-cause mortality
using of a two-probiotic combination [L. acidophilus
with Bifidobacterium infantis (B. infantis)] [27]. Further-
more, a 12% reduction in the risk of sepsis in RCTs and
a 19% reduction in observational studies were demon-
strated. The metanalysis did not show a statistically sig-
nificant effect in ELBW infants, because of insufficient
number of clinical trials [27]. In 2018 the ESPGHAN
Working Group on Probiotics, Prebiotics and Commit-
tee on Nutrition published a detailed strain specific and
network metanalysis (NMA) of data on probiotics, used
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in preterm infants [28]. Differently from classical pair-
wise meta-analyses which only address the comparative
effectiveness among similar or competing interventions
against a common comparator, NMA has the advantage
to address multiple interventions simultaneously. Fol-
lowing this specific approach the authors were able to
evaluate the efficacy of single probiotic strains or com-
bination of studied strains [28]. Fifty-one trials and over
11000 newborns were included. Most of the different
probiotic strains were evaluated in one or two trials,
while only 5 were studied in at least 4 RCTs. Note-
worthy, the review included moderately preterm infants
because trials focused on smallest babies were limited.
The meta-analysis shows that only a minority of pro-
biotic strains has a statistically significant effect in redu-
cing mortality and morbidity in preterm infants. The
absence of significant effects may reflect a lack of ad-
equately powered RCTs, or a genuine lack of efficacy for
those species or strains [28]. The following probiotics
were found in at least 2 trials to reduce: 1) NEC inci-
dence: Bifidobacterium lactis (B. lactis) Bb-12 or B94;
Lactobacillus reuteri (L. reuteri) ATCC 55730 or DSM
17938; LGG; the combination of Bifidobacterium Dbifi-
dum (B. bifidum), B. infantis, Bifidobacterium longum
(B. longum) and L. acidophilus; the combination of B.
infantis Bb-02, B. lactis Bb-12, and Streptococcus ther-
mophilus (S. thermophilus) TH-4; the combination of B.
35624 and LGG; 2) LOS incidence: the combination of
B. bifidum, B. infantis, B. longum, and L. acidophilus and
the combination of B. longum R00175, Lactobacillus hel-
veticus (L.helveticus) R0052, L. rhamnosus R0011, and
Saccharomyces boulardii (S. boulardii) CNCM 1-1079; 3)
mortality: the combination of B. bifidumm NCDO 1453
and L. acidophilus NCDO 1748. In 2019, a large met-
analysis including 34 eligible studies and 9161 partici-
pants confirmed an advantage of probiotics in
preventing NEC (3.54%) and gut-associated sepsis
(15.59%), and in decreasing mortality (5.23%) in preterm
infants [29]. Probiotic mixtures showed the highest ad-
vantage. The same conclusion on LOS is reported by a
previous review [30]: pooled results from 37 RCTs and
9416 infants showed that probiotics significantly de-
creased the risk of LOS, with a number to treat of 44, in
infants born <37 WGA or <2500 g. Beneficial effect in
reducing LOS was reported by the analysis of studies in-
cluding infants born <32 WGA or <1500 g. Subgroup
analysis of extremely preterm infants (born <28 WGA
or<1000g) revealed no significant results. A recent
single-centre retrospective observational study [31] com-
pared 2 different populations: 469 versus 513 preterm
infants born before or after the introduction of routine
daily supplementation of Lactobacillus and Bifidobacter-
ium for prophylaxis of NEC. NEC rate fell from 7.5 to
3.1% after the introduction of this policy (~55% RR
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reduction). The improvement affected all high-risk neo-
nates irrespective of gestation age and feeding type. LOS
rates also fell from 22.6 to 11.5%. Moreover, all-cause
mortality rate decreased, although this was consistent
with a trend over the study period. The positive effect of
probiotics appeared greatest in the first 2 weeks after
birth, suggesting that early postnatal colonization is cru-
cial. The authors supported routine use of multi-species
Lactobacillus and Bifidobacterium combination for pre-
venting NEC. A further review of 30 articles, with a total
number of 9522 preterm infants involved, of which 4812
receiving probiotics, showed that the supplementation
significantly reduces the incidence of stage II-III NEC
(RR =0.55) [32]. Subgroup analysis indicated that mixed
probiotics and Lactobacillus reduce the incidence of
NEC (for mixed probiotics, RR =0.39; for Lactobacillus
RR =0.53), while the individual use of Bifidobacterium
or Saccharomyces did not have such effect. Similarly,
probiotics’ supplementation significantly reduced the
death rate (RR=0.73), and subgroup analysis indicated
that only mixed probiotics significantly reduce mortality
(RR =0.52), whereas Lactobacillus, Bifidobacterium, or
Saccharomyces alone did not reach the same result [32].
More recently, after the last date of the search strategy
of this review, ESPGHAN published an authoritative
position paper on the use of probiotics in preterm in-
fants [33]. The authors provide a conditional recommen-
dation (with low certainty of evidence) to use either
LGG or the combination of B. infantis Bb-02, B. lactis
Bb-12, and S. thermophilus TH-4 in order to reduce
NEC rates [33].

Safety

Albeit many trials do not report any adverse event, concerns
regarding risk of probiotic supplementation have been raised
[34, 35]. In particular, some recent cases of Lactobacillus or
Bifidobacterium sepsis in infants receiving probiotics have
been reported [36—46]. Most affected infants had severe dis-
eases, as immunodeficiency [36] or short-gut syndrome [38].
Nevertheless, probiotic-associated sepsis, although rare and/
or mild, should not be ignored. Probiotics are difficult to
grow using standard culture media; bacteremia from pro-
biotic strains may be under-recognized; centres routinely
using probiotics must be confident that their laboratories can
accurately identify these organisms and that empirical anti-
biotic therapy for LOS covers the probiotic strains locally in
use [47]. Another safety concern is the probiotic shedding to
someone who did not need supplementation. Probiotics
could potentially improve neurodevelopmental outcome by
reducing the incidence of NEC and LOS; alternatively, they
could affect gut brain axis with unknown effects on neuro-
logical disorders in later life. Some safety studies concluded
that oral probiotics do not affect neurodevelopment, growth

Page 4 of 13

and the risk of bronchopulmonary dysplasia [48—53], but fur-
ther studies are needed.

Conclusions

Probiotic supplementation shows an overall advantage in
preventing the incidence of NEC and gut-associated sep-
sis and decreasing mortality in preterm infants. Probio-
tics appear to be generally safe, but there are some
reports about sepsis in preterm infants, potentially
linked to supplementation. Also according to the last
ESPGHAN position paper, the use of LGG or the com-
bination of B. infantis Bb-02, B. lactis Bb-12, and S. ther-
mophilus TH-4 showed some levels of evidence in
reducing the incidence of NEC stage 2 and 3 and can
therefore be recommended if all the safety conditions
are met. Nevertheless, larger, well-designed trials are still
needed to better understand the effect and safety of pro-
biotics and to further solve the lack of clarity regarding
the optimal dose, type of probiotic strain and timing of
administration.

Acute infectious Diarrhoea

Acute diarrhoea in childhood, usually defined by a de-
crease in the consistency of stools (loose or liquid) and/
or an increase in the frequency of evacuations (>3 epi-
sodes in 24 h), typically has an infectious aetiology and a
relevant burden, either in high or low-income countries
[54]. Historically, the treatment of AID has been the first
field of application for probiotics [55, 56], and still today,
represents the main indication for probiotic use in child-
hood. Due to the presence of compelling evidences
showing an effect in reducing the duration of diarrhoea
of about 24 h and the risk of severe AID, several guide-
lines recommend the use of probiotics worldwide, and a
large number of children currently receives probiotics
for the treatment of AID [57]. A recent study in about
4500 Japanese children reported 46.7% of probiotic pre-
scription during an AID episode [58]. The ESPGHAN is
currently updating the official recommendations for the
use of selected probiotic strains in children with AID
[54, 59]. In 2014, the EPGHAN graded as “moderate”
the quality of evidences supporting the use of probiotics,
meaning that further research was likely to produce
more impact of evidence, according to the GRADE sys-
tem. In the last years, new relevant evidences have be-
come available.

Efficacy of selected probiotic strains

Lactobacillus rhamnosus GG LGG is the best studied
probiotic strain for the treatment of paediatric AID and
received a strong recommendation by the ESPGHAN in
2014 [54]. However, in 2018, Schnadower and colleagues
did not find efficacy in reduction of diarrhoea severity
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and duration in North-American children allocated to
receive LGG in the largest randomized controlled trial
published till now [60]. Those new and contradictory ev-
idences rose a stimulating discussion among experts.
The most recent metanalysis summarizing the data of 18
RCTs (4208 patients), including the latter North-
American study, reported a reduction in duration of
diarrhoea (mean difference (MD) -0.85day, 95%CI -
1.15 to -0.56), and hospitalization (MD - 1.22 day,
95%CI - 2.33 to — 0.10) [61], and confirmed a more evi-
dent efficacy in children living in European countries
and/or receiving a daily LGG dose of >10' CFU. How-
ever, notably, a further analysis including only five low-
risk of bias RCTs found no effect of LGG on the dur-
ation of diarrhoea compared with controls (MD - 1.22
day 95%CI - 2.33 to - 0.10) [62].

Interestingly, comparing the effect size reported in
metanalyses published in the last 10 years there is an ap-
parent and progressive reduction of the efficacy of LGG
on the duration of diarrhoea (the primary outcome of
most studies) [61, 63, 64]. This may be seen as the effect
of inclusion of new evidence, or (and) as the effect of
variation in the enrolled population. It can be argued
also that since LGG has a higher efficacy in rotavirus in-
fection (and viral diarrhoea overall), the spreading of
rotavirus immunization may potentially have an impact
of the efficacy of LGG in immunized children and in
those who benefit from the immunization’s “heard ef-
fect”. The effect of LGG has not been specifically studied
in immunized children. Of note, the recent study by
Schnadower and colleageues, although included a mi-
nority of children with rotaviral infection, reported a
67% rotavirus immunization coverage [60].

Lactobacillus reuteri DSM 17938 This strain received a
weak recommendation from ESPGHAN in 2014 due to
the small effect sizes of clinical evidence and methodo-
logical limitations of the included trials [54]. In the most
recent metanalysis, compared with placebo or no treat-
ment, L. reuteri reduced the duration of diarrhoea (MD -
0.87 days, 95%CI —1.43 to —0.31) and of hospitalization
(MD - 0.54 days, 95%CI - 1.09 to 0.0) [65]. However, the
paucity and inconsistency of data, and some methodo-
logical limitations should be taken into account before
recommending a routine prescription of L. reuteri DSM
17938.

Saccharomyces boulardii Multiple recent metanalyses
consistently supported the use of the yeast S. boulardii
in the treatment of children with AID, reporting a re-
duction in the duration of diarrhoea of about 1 day [66].
As a matter of fact, S. boulardii use is currently recom-
mended at the same level of LGG in the management of
acute gastroenteritis by the last ESPGHAN guidelines
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[53]. The more recent metanalysis published by Padaya-
chee et al, and including only in-patients children af-
fected by rotavirus infection, reported a significant
reduction in the duration of diarrhoea (MD - 0.57 days,
95%CI - 0.83 to —0.30) [67]. Also other recent studies,
not included in the metanalysis, confirmed those trends
[68] and, similarly, strength previous evidence on effi-
cacy in the reduction of diarrhoea and of the length of
hospital stay in children admitted for AID [69].

Bacillus clausii Various probiotic formulations includ-
ing different Bacillus clausii strains are currently avail-
able on the market. The strain O/C, SIN, N/R, and T is
the most commonly studied and widely available in Italy.
A recent meta-analysis by Ianiro et al. [70] reported a
reduction in the duration of diarrhoea (MD -9.12h,
95%CI -16.5 to -1.75) and the duration of
hospitalization (MD - 0.85 day, 95%CI - 1.56 to — 0.15).
However, those pooled results should be looked with
caution for several reasons that may affect their applic-
ability in populations living in our setting: 1) the overall
quality of evidence is very low, and none of the two
“good quality” trials demonstrated any efficacy in terms
of duration of diarrhoea, frequency of stools or duration
of hospitalization, 2) most evidence have been published
in non-indexed journals or as abstract 3) a significant
publication bias (Egger’s test, p =0.02) has been re-
ported, 4) only one study has been conducted in a high-
income European country, and did not demonstrate any
efficacy in this population [71]. Further, more recent evi-
dence reported safety and efficacy in children living in
low-income countries [72].

Conclusions

Probiotics are largely used for the treatment of AID in
childhood. Their use is based on studies of basic sci-
ences that demonstrate a biological plausibility by one
side, and evidence of clinical efficacy and safety by the
other side. However, the evidence obtained in subjects
with AID teaches us that the effect of probiotics depends
on strain, dose, setting and patients’ conditions. Accord-
ing to the available evidence, only selected probiotic
strains may be indicated, mainly LGG, S. boulardii,
L.reuteri, while other combinations of Lactobacilli pre-
sented less convincing evidence (Table 1). The publica-
tion of two large randomized-controlled trials conducted
in Northern America, one using LGG and the other
using a combination of Lactobacilli (Lactobacillus rham-
nosus RO011 and L. helveticus R0052) [60, 73], recently
questioned the overall efficacy of probiotics in children
with diarrhoea. Though a recent metanalysis including
those results still found an efficacy of LGG on duration
of AID [61], the impact of this evidence is not negligible
and further research should address the role of LGG (as
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Table 1 Summary of available evidence and clinical effects of selected probiotic strains commonly used for the treatment of acute

infectious diarrhea

L. rhamnosus GG L. reuteri Saccharomyces boulardii Bacillus clausii
DSM 17938
Available Evidence
Highest level of evidence Metanalysis Metanalysis Metanalysis Metanalysis
Number of RCTs in children 16 4 22 7
Investigational setting
Country Income ® High High High High
Upper-middle Upper-middle Upper-middle Lower-middle

Lower-middle

Lower -middle

Inpatients/outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients Inpatients Outpatients
Evidence in children living in Italy Yes Yes Yes Yes
Outcomes

Duration of diarrhea ++ ++ +++ +

Hospital admission NA - NA NA

Length of hospitalization -+ + -+ ++

Healing within 48-72 h + NA ++ NA

Stool output - NA NA NA

Stool frequency NA - + -

2 level of income according to World Bank classification,
NA Not assessable,

(=) no effect, (+) minimal or borderline effect, (++) clinical effect, (+++) relevant and consistent clinical effect

well as of other strains) in different setting and popula-
tion (immunized or not for rotavirus).

Allergic diseases

Paediatric allergic diseases such as atopic dermatitis
(AD), food allergy (FA), allergic rhinitis and asthma rep-
resent major important public health issues in the west-
ern countries with growing prevalence in the last
decades. Among different causative mechanisms the role
of early gut microbiota development have been
highlighted. Indeed, several data have shown the differ-
ences in allergic outcomes considering the effects of
modifiable microbiota by external mechanisms, such as
diet of the mother, drug assumption during pregnancy
as well as infections and antibiotic use. All these factors
associated with early factors such as the type of delivery,
breastfeeding, the weaning and again the drug/antibiotic
assumption during infancy have assumed growing evi-
dences both for prevention and treatment of not-
communicable and allergic diseases. Among different
factors that can modulate the gut microbiota leading to
preventive or therapeutic effects on paediatric allergic
diseases, the probiotic effects are currently discussed
with controversial results.

Efficacy of selected probiotic strains

Lactobacillus rhamnosus GG (LGG) The preventive
single administration of different strains, LGG, B. lactis

Bb-12, Lactobacillus paracasei ST11 and B. longum
BL999 was evaluated in 1 study [74]. Even though au-
thors demonstrated that children at high risk receiving
LGG perinatally tended to have decreased allergy preva-
lence (p <0.047), the probiotic intervention gave no dif-
ference in growth or non-communicable disease
prevalence [74]. Berni Canani and colleagues demon-
strated that extensively hydrolysed casein formula con-
taining the probiotic LGG not only can reduce the
occurrence of other allergic manifestations in children
with cow’s milk allergy (CMA) children but also hastens
the development of oral tolerance [75]. Cabana et al., ad-
ministering LGG supplementation for the first 6 months
of life, investigated the cumulative incidence of eczema
(primary end point) and asthma and rhinitis (secondary
end points) in high-risk children. They were not able to
demonstrate any preventive effect in the treated children
[76]. Other authors investigated the effect of LGG plus
vitamin D supplementation on the immunologic effect-
iveness of grass specific sublingual immunotherapy in
children with allergy; they were able to show that pro-
biotic supplementation gave better clinical and immuno-
logic responses in children with allergic rhinitis who
were treated with grass pollen immunotherapy [77].

Other single probiotic strains

In a two-centre randomized placebo-controlled trial of
Lactobacillus rhamnosus HNOO1 or B. lactis HNO019
taken daily from 35-week gestation to 6 months’ post-
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partum in mothers while breastfeeding and from birth
to age 2years in infants, authors showed that HNO0O1
significantly protected against eczema development at 2,
4 and 6years and atopic sensitization at 6years [78].
There was no effect of HN019. At 11 years of age these
data have been confirmed: HNOO1 was associated with a
significant reduction in atopic sensitization, eczema.
HNO19 had no significant effect on these outcomes [78].
In another study Lactobacillus plantarum 1S-10506 sup-
plementation given twice daily for 14 weeks in 22 chil-
dren with mild to moderate AD, reduced SCORAD and
levels of inflammatory markers [79]. L. reuteri DSM
17938 plus vitamin D3 in 32 children with mild persist-
ent asthma was demonstrated to be effective in reducing
markers of bronchial inflammation [80].

Mixture of strains

In a RCT a mixture of strains, (B. lactis CECT 8145, B.
longum CECT 7347, and Lactobacillus casei CECT 9104)
were able to produce a mean reduction in the SCORAD
index in the probiotic group with a significant reduction
in the use of topical steroids to treat flares [81]. Pregnant
women (n =1223) carrying a child at a high risk of al-
lergy were randomized to receive a mixture of probiotics
(LGG and LC705, B. breve Bb99 and Propionibacterium
freudenreichii) or placebo in a double-blind manner
from 36 weeks of gestation until birth. Their infants re-
ceived the same product for the first 6 months. In the
whole cohort, there were no statistically significant dif-
ferences in the diagnosis of allergic diseases. In a post-
hoc analysis made in Caesarean-delivered subgroup, al-
lergy was reported in 41.5% of the probiotic group and
67.9% of the placebo group [82]. Bifidobacterium mix-
ture (B. longum BB536, B. infantis M-63, B. breve M-16
V) treatment for 4 weeks in children with seasonal aller-
gic rhinitis determined significant improvement of
symptoms (p < 0.005), and quality of life (p < 0.001). Pla-
cebo group had worsening of symptoms [83]. In a
double-blinded trial from 36-week gestation until 3
months postpartum 415 pregnant women were random-
ized to receive a probiotic blend containing LGG, L.
acidophilus La-5 and Bifidobacterium animalis subsp.
lactis Bb-12 or placebo. At 6 years, while there was a
trend towards a lower cumulative incidence of AD in
the probiotic group, prevalence of asthma and atopic
sensitization were not significantly affected by the pro-
biotic regime [84]. Lactobacillus paracasei and Lactoba-
cillus fermentum alone or in a mixture were evaluated
for the effects in 220 children affected by AD. Children
who received for 3 months single probiotic strains or
mixture showed lower SCORAD scores than placebo;
this difference persisted even at 4 months after discon-
tinuing the supplementation [85]. Lactobacillus rhamno-
sus in children aged 4-48 months with AD for 8 weeks
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reduced the clinical scores. However, no significant dif-
ference between groups was noted in terms of amount
of topical corticosteroids used or overall symptom-free
time [86].

Metanalyses and reviews

A metanalysis performed by the World Allergy
Organization demonstrated that probiotics used by preg-
nant women or breastfeeding mothers and/or given to
infants can reduce the risk of eczema in infants [87];
however, the certainty of the evidence was low. No effect
was observed for the prevention of other allergic condi-
tions [87]. Huang, evaluating SCORAD values, demon-
strated more favourable results using probiotics over
controls. However, the results were so controversial that
data from Europe revealed no effect of probiotics on
SCORAD, whereas significantly lower SCORAD values
were reported in Asia. No effect was observed with LGG
and Lactobacillus plantarum, whereas some effects were
observed with Lactobacillus fermentum and Lactobacil-
lus salivarius and a mixture of different strains [88].
Similar controversial effects were obtained by a review
investigating the microbial modulations of the intestinal
microbiome with pre- and/or probiotics used in AD
management [88]. Clinical studies showed that some
dietary interventions with pre- and/or probiotics were
beneficial, but the great heterogeneity between studies
was high, making it clear that focused RCTs are needed
to understand the potential role and underlying mechan-
ism of dietary interventions in children with AD [89].
Zhang et al. evaluated seventeen trials involving 2947 in-
fants indicating that probiotics administered pre-natally
and post-natally could reduce the risk of atopy and the
risk for food hypersensitivity. When probiotics were ad-
ministered either only pre-natally or only post-natally,
no effect on atopic diseases was observed [90]. Finally,
Zuccotti et al. in 2015 evaluated in a meta-analysis the
effects of probiotics in the prevention of atopic diseases
in infants [91]. Infants treated with probiotics had a
significantly lower RR for eczema, especially those sup-
plemented with a mixture of probiotics. No significant
difference in terms of prevention of asthma was ob-
served in the considered trials [91].

Conclusions

The effects of probiotic administration for prevention/
treatment of allergic diseases are still so controversial
that no firm recommendation can be made at this stage.
Differences in strain specificity, timing of administration,
and length of the therapy are all contributing to diversify
the metanalysis conclusions. Therefore, further strain
specific studies are necessary in order to clarify the role
of probiotics in modulating the allergic manifestations.
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Functional gastrointestinal disorders

Functional Gastrointestinal Disorders (FGIDs) include a
wide range of GI disorders that cannot be explained by
structural or biochemical abnormalities. Diagnosis is
based on the Rome IV criteria [92, 93]. Clinical expres-
sion varies according on the age of appearance, though
different sets of criteria are addressed to neonates/tod-
dlers and children/adolescents. FGIDs occurring during
the first years of life include: Infant regurgitation, Infant
rumination syndrome, Cyclic vomiting syndrome, Infant
colic, Functional diarrhoea, Infant dyschezia, Functional
constipation. Among children and adolescents FGIDs
are grouped into three main classes: functional nausea
and vomiting disorders, functional abdominal pain disor-
ders and functional defecation disorders [92, 93]. The re-
ported prevalence ranges from 27 to 38% in neonates
and toddlers [94], 9.9 to 29% in older children [95].
Whereas alterations in gut microbiome may have a
causative role in the pathogenesis of the FGIDs, probio-
tics’ supplementation has been proposed as a possible
option in various FGDIs management.

Infant colic

Infant colic is described as recurrent and prolonged pe-
riods of crying, fussing, or irritability without obvious
cause in infants younger than 5 months of age [92]. It is
reported to be one of the most prevalent FGIDs in the
first year of life, affecting 20% of infants less than 3
months of age, especially between 2 weeks to 4 months
of age. The aetiology is related to different factors in-
cluding feeding difficulties, dysmotility, hormone alter-
ations and behavioural factors [92]. Management is
traditionally based on changes in feeding, soothing tech-
niques and parental support [92]. Since 2007, several
RCTs suggested probiotics, particularly L. reuteri, as a
potential intervention (Table 2). Supplementation with
this strain seems to be more effective in breastfed infant.
A recently published IPMDA (individual participant data
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metanalysis) [99] on L. reuteri DSM17398 effectiveness
demonstrated that supplementation with this strain lead
to reduction in cry/fuss time. The pooled analysis of four
RCTs [96-98, 100] published between 2007 and 2015,
showed that infants receiving L. reuteri had a significant
reduction of the crying and/ or fussing duration, with a
number needed to treat of 2.6 (95% CI, 2.0 to 3.6) in
breastfed infants. All included studies were double-blind
randomized placebo-controlled trials of high quality, the
intervention groups received the same probiotic (L. reu-
teri DSM17398) manufactured by the same company, in
the same dose, (0.2 x 10° CFU per drop, 5 drops orally
per day), with the control groups all receiving the same
placebo (maltodextrin in oil suspension). Notably diag-
noses were based on modified Wessel’s criteria (crying
or fussy/gassy episodes =3 h/day for 23 days/7 days) and
success treatment on parents’ reports. Since the majority
of infants included in the studies were breastfed, this re-
sult cannot be extended to all infants. As matter of fact
the only study [98] that evaluated formula-fed infants
found no significant difference between treated and con-
trol group. L. reuteri appears to be a potential treatment
option for breastfed infants with colic.

Irritable bowel syndrome

Irritable bowel syndrome (IBS) is characterized by recur-
rent abdominal pain and changes in stool form or fre-
quency without any organic cause [92, 93]. According to
the predominant bowel type, 3 subtypes are described:
diarrhoea, constipation or mixed (IBS-M). It is the com-
monest FGID in children, with prevalence ranging from
1.2 to 2.9% [93]. Based on Rome IV criteria abdominal
pain associated with defecation or a change in frequency
or form of stool must be present 4 days per months for
at least 2 months [93]. IBS is considered a brain-gut axis
disorder involving visceral hypersensitivity, mucosal pro-
inflammatory cytokines, altered mucosal and immune
function and disturbance in gut microbiota [101]. Gut

Table 2 Summary of the studies reporting the effects of Lactobacillus reuteri for the treatment of Infant Colic

Author and year Intervention Control Treatment Follow  Type of feeding
duration up

Savino F et al. Lactobacillus reuteri DSM 17938  Placebo 21 days No Exclusive breast-feeding
2010 [96] 108 CFU (identical formulation but without follow

(5 drops) live bacteria) up
Szajewska H et al. Lactobacillus reuteri DSM 17938  Placebo 21 days 8days  Exclusive or predominat (>
2013 [64] 10% CFU (identical formulation but without 50%) breast-feeding

(5 drops) live bacteria)
Chau K et al. 2015 Lactobacillus reuteri DSM 17938  Placebo 21 days No Exclusive
[97] 10° CFU (same excipient ingredients but follow breast-feeding

(5 drops) without live bacteria) up
Sung V et al. 2014 Lactobacillus reuteri DSM 17938 Placebo 1 month 5 Formula feeding, breast
[98] 108 CFU (5 drops) (maltodextrin in the same oil months  feeding

suspension)
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microbiota alterations are thought to be relevant in IBS
pathogenesis [102]. As a matter of fact, studies on ro-
dents have shown that the administration of probiotics
leads to a reduction in visceral pain sensitization [103,
104]. In addition to these preliminary data, small intes-
tinal bacterial overgrowth and symptoms developing
after gastrointestinal infection share some features with
IBS clinical presentation suggesting a possible causative
role of gut microbiome [105]. In a Cochrane metanalysis
on dietary intervention for recurrent abdominal pain
(RAP), the subgroup analysis on children with IBS
(Rome III criteria), including 4 RCTs and 344 children,
showed that OR for pain improvement at 0 to 3 months’
post-intervention was 3.01 (95% CI 1.77 to 5.13, P <
0.001, I* = 21%; P for heterogeneity = 0.29), with a num-
ber needed to treat (NTT) of four [106]. Using GRADE
the quality of the evidence was considered moderate.
Two studies from Bauserman M et al. [107] and Franca-
villa et al. [108] evaluated the efficacy of the mono-strain
probiotic, LGG, even if in different concentration (Bau-
serman M et al. 2005 10'° bacteria, Francavilla R et al.
3X 10° colony-forming units). Bauserman M and col-
leagues did not find any effect in terms of pain reduction
and number of responders [107]. Guandalini et al. [109]
tested VSL#3, a combination of seven probiotic bacteria,
while Giannetti et al. used a mixture of 3 Bifidobacteria
(namely, 3 billions B. longum BB536, 1 billion of B.
infantis M-63, and 1 billion of B. breve M-16V [110]. A
recently published systematic review [111] confirmed an
overall beneficial effect of probiotic in children suffering
from IBS. Particularly, Gawronska et al. 2007 found that
4 weeks after enrolment 33% of patients (6/18) in the
study group, using LGG (3 X 10° CFU) referred no pain,
with a NTT of four [112]. Given the small sample size
this result should be evaluated with caution. Finally, Kia-
nifar H et al. demonstrated a statistically significant
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difference in pain severity in the probiotic group, with
LGG dosage of 1 x10'° CFU/ml, measured as reduction
in the pain severity scale (Likert scale) [113] (Table 3).

Functional abdominal pain

Functional Abdominal Pain-Not Otherwise (FAP-NOS),
according to Rome IV criteria, is characterized by epi-
sodic or continuous abdominal pain that does not occur
solely during physiologic events occurring 4 times/
month for at least 2 months before diagnosis [93]. Few
papers on the use probiotics for this subtype of FADP
have been published. Jadresin O et al. [114] demon-
strated that administration of L. reuteri DSM 17938 is
associated with a reduction of the intensity and fre-
quency of pain in population study including patients
with FAP and IBS. Maragkoudaki M et al. [115] found
that in a paediatric cohort L. reuteri DSM 17938, at a
dose of 2 X 10® CFU was not different from placebo in
reducing the frequency and intensity of the abdominal
pain episodes. By contrast in the intervention arm a re-
duction in pain relieving drugs was registered, even if
not statistically significant. Weizman Z et al. [116] ad-
ministration of L. reuteri DSM 17938, at a dose of 1X
10® CFU reduced frequency and intensity of abdominal
pain in children with FAP at 4 weeks following supple-
mentation, and during a 4-week follow up period when
no probiotics was used. Romano C et al. [117] showed
that oral supplementation with L. reuteri DSM 17938,
2 % 10® CFU in children with FAP led to a significant re-
duction in the reported intensity but not the frequency
of abdominal pain, both during and after cessation of ad-
ministration of the probiotic. In all of these studies FAP
diagnosis was made according Rome III criteria, Symp-
toms were evaluated using Wong-Baker FACES Pain
Rating Scale (Table 3).

Table 3 Summary of the studies reporting the effects of different probiotics strains for the treatment of Irritable Bowel Syndrome

and Functional Abdominal Pain-Not Otherwise

Author and year Intervention Control  Treatment duration Follow up
Bauserman M et al. 2005 [107] Lactobacillus GG Placebo 6 weeks No follow up after treatment period
10" bacteria twice per day (inulin)
Francavilla R et al. 2010 [108]  Lactobacillus GG Placebo 8 weeks 8 weeks
3X10° CFU twice per day
Guandalini S et al. 2010 [109]  VSL#3 Placebo 6 weeks 6 weeks °
1 sachet once per day 4-11 years
Twice per day 12-18 years
Giannetti e et al. 2017 [110] Bifidobaacterium longum BB536 3 billions, Placebo 6 weeks 6 weeks ®

Bifidobacterium infantis M-63 1 billion,
Bifidobacterium breve M-16V 1 billion

Gawronska A et al. 2007 [112] Lactobacillus GG

3X10° twice per day

Kianifar H et al
2015 [113]

Lactobacillus GG 1X10'® CFU/ml twice per day Placebo 4 weeks

Placebo 4 weeks No follow up after treatment period

No follow up
after treatment period

@ At the completion of the 6 weeks, no preparation was administered for 2 weeks. Then each patient was switched to the other group and followed for 6 weeks
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Conclusions

Despite probiotics appears to be a promising treatment
for the treatment of FGDIs subtypes, the overall quality
and quantity of evidences are relatively weak and there-
fore more studies with robust design are needed to
evaluate efficacy of either mono- or multistrain supple-
mentation, and the most appropriate dose.

Conclusive remarks

Several limitations, including the use of different
strains, various concentrations of the same strain, het-
erogeneity in study designs and small sample size,
strongly limit the evidences of efficacy of probiotics in
paediatric diseases. Despite these limitations, the use of
LGG or the combination of B. infantis Bb-02, B. lactis
Bb-12, and S. thermophilus TH-4 can be recommended
to reduce the incidence of NEC stage 2 and 3. Never-
theless, further well-designed studies are needed to bet-
ter identify the strains to be used and even clarify the
safety issues. In the setting of acute infectious diar-
rhoea, regardless the last published papers, the use of
LGG and S. Boulardii for the reduction of the duration
is still supported by convincing evidences. Differently,
no conclusions can be made in allergic diseases, due to
the conflicting data and the different strains used. A
higher level of standardization in terms of doses, strains
and outcomes is warranted in order to better answer
the question whether probiotics may help the process
of immune tolerance induction. Finally, the use of pro-
biotics for the treatment of FGIDs, although supported
by a strong rationale, did not lead to the expected re-
sults. Except for the administration of L. reuteri in
breastfed children with infantile colic, up to date the
administration of probiotics cannot be recommended
for the care of FGIDs. In particular, despite few trials
with different designs and outcomes, probiotics failed
to show efficacy in the treatment of pain related disor-
ders such as IBS or FAP-NOS.
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