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The aim of this paper is to specify the use of clinically proven pro-
biotics in common pediatric gastrointestinal disorders. The PubMed 
and Cochrane Library databases were searched in May and June 2018, 
using the following key words: „probiotics“, „children“, „antibiotic 
associated diarrhea“, „acute gastroenteritis“, and „functional gastroin-
testinal disorders“. Only studies published in English and published 
data were considered. The search included clinical trials, systematic 
reviews, guidelines and recommendations for clinical practice, and 
only relevant, high-quality and recent data were taken into account. 
Probiotics in general are nowadays used for numerous clinical indica-
tions and there is also a very large and still growing number of papers 
addressing this issue. Conclusion – According to current knowledge, 
two probiotic strains are recommended for antibiotic associated diar-
rhea prevention and treatment of acute gastroenteritis, LGG and S. 
boulardii. For the strain L. reuteri DSM 17938 there is a weak recom-
mendation for treatment of acute gastroenteritis. There are still not 
enough data to recommend the use of probiotics in pediatric func-
tional gastrointestinal disorders, with the exception of L. reuteri DSM 
17938 for treatment of infantile colic in breastfed infants.  

Introduction

In recent decades, numerous papers have 
been written trying to explain the role of pro-
biotics in a large number and variety of diag-
noses. Within this large amount and variety 
of information, it is most important to clarify 
which probiotics have sufficient recommen-
dations for use with which diagnoses.

The World Health Organization (WHO) 
and the International Scientific Associa-
tion for Probiotics and Prebiotics stated in 
2014 that probiotics are live microorgan-
isms that, when administered in adequate 
amounts, confer a health benefit on the host 
(1). Probiotics can be added to foods or can 
be registered as food supplements or drugs 
packed into pills, capsules, powder sachets 

and drops; they may contain only one mi-
croorganism, or may contain a mixture of 
several different microorganisms (2, 3). Since 
they are not registered as drugs or medicinal 
products, their production follows less strict 
criteria. This is why The European Society for 
Paediatric Gastroenterology, Hepatology and 
Nutrition’s (ESPGHAN) Working Group 
for Probiotics and Prebiotics reviewed the 
literature and gave their recommendations 
(4). Their work provided evidence of the 
inadequate quality of commercial probiotic 
products. Many products have strains that 
are misidentified and misclassified, many of 
them contain significantly lower amounts of 
viable bacteria, sometimes to an extent that 
precludes the possibility of any health ef-
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fect. The products may also be contaminat-
ed with facultative or obligatory pathogens. 
Moreover, the regulatory status of probiotics 
products has not been established on an in-
ternational basis, and there is no label control 
or periodic screening of the products' quality 
or safety (4). They emphasized the need for 
more stringent quality control for all com-
mercially available probiotic products, espe-
cially for those prescribed for specific clinical 
indications and for those used in vulnerable 
populations, such as infants and children (4). 
The effect of any probiotic microorganism is 
strain specific and the recommendations are 
to use strains with clinically proven efficacy 
(3, 4, 5).

The aim of this paper is to provide current 
information on the use of probiotics in com-
mon gastrointestinal diseases.

Methods

The PubMed and Cochrane Library data-
bases were searched in May and June 2018, 
using the following keywords: „probiotics“, 
„children“, „antibiotic associated diarrhea“, 
„acute gastroenteritis“, and „functional gas-
trointestinal disorders“. Only studies pub-
lished in English and published data were 
considered. The search included clinical tri-
als, systematic reviews, guidelines and rec-
ommendations for clinical practice, and only 
relevant, high-quality and recent data were 
taken into count. 

Prevention of Antibiotic Associated 
Diarrhea

Antibiotic-associated diarrhea (AAD) is de-
fined as diarrhea that occurs in association 
with the administration of antibiotics, with 
the exclusion of other etiologies (6). The 
spectrum of its presentation ranges from 
mild diarrhea to fulminant pseudomembra-
nous colitis caused by Clostridium difficile 

(C. difficile). Almost any oral or parenteral 
antibiotic can cause AAD, but clindamycin, 
cephalosporines and penicillins are the most 
frequently associated with C. difficile colitis, 
and can also cause other types of diarrhea (6, 
7). The reduction of AAD is connected with 
the reduction of antibiotic use, the choice of 
the antibiotic and the use of probiotics (5, 7). 
It is believed that AAD is caused by dysbiosis 
triggered by the use of antibiotics, and since 
probiotics modulate the intestinal microbio-
ta, they can be used for AAD prevention (7).

Recently, the ESPGHAN Working 
Group for Probiotics/Prebiotics undertook 
a systematic review with meta-analysis in or-
der to define the strains that may be used for 
AAD prevention (7). Only two strains were 
proven to have the desired effect.

Lactobacillus rhamnosus GG (LGG) was 
investigated in 5 randomized controlled tri-
als (RCT) with a total of 445 participants. 
Compared with a placebo or no treatment, 
LGG can reduce the risk of AAD from 23% 
to 9.6% (RR 0.48, 95% CI 0.26-0.89) (7). 
The effect was dose-dependent, with the best 
effect from the highest dose (1-2×1010 colo-
ny-forming units, CFU) (7). There was only 
one study that examined the effect of LGG 
on the risk of C. difficile colitis, and it found 
no effect (RR 0.95, 95% CI 0.06-14.85) (8).

The other strain with proven efficacy was 
Saccharomyces boulardii (S. boulardii) (7). The 
strain was investigated in 6 RCTs with 1653 
participants. Compared with a placebo or 
no treatment, S. boulardii reduced the risk of 
AAD from 20.9% to 8.8% (RR 0.43, 95% CI 
0.3-0.6) (7). Two RCTs with a total of 579 par-
ticipants proved that S. boulardii also reduced 
the risk of C. difficile diarrhea (RR 0.25, 95% 
CI 0.08-0.73). The daily dose for children 
should be 250-500 mg. (7). For all other 
probiotic strains there is still no evidence to 
support their use in AAD prevention (7). 

There are still no clear instructions about 
when to administer probiotics in order to 
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prevent them being killed by antibiotics. S. 
boulardii and some other strains are resistant 
to antibiotics used for bacterial infections, 
and LGG, although sensitive to antibiotics, 
was effective in RCTs, so it should be used as 
in those trials (5).

Treatment of Acute Gastroenteritis

Acute gastroenteritis (AGE) is a worldwide 
problem and is responsible for 15% of child 
mortality; among children younger than 5 
years there are more than 1.3 million deaths 
annually (9). It is defined as a decrease in the 
consistency of stools (loose or liquid) and/or 
an increase in the frequency (typically 3 in 
24 hours), with or without fever or vomit-
ing (10). Acute diarrhea lasts no longer than 
14 days (19). In European countries the in-
cidence of diarrhea ranges from 0.5 to 2 epi-
sodes/child/year, with Rotavirus as the main 
cause, although norovirus is becoming the 
leading cause in countries with high rotavi-
rus vaccine coverage (10). The cornerstone of 
the therapy is rehydration which can in most 
cases be provided orally using oral rehydra-
tion solutions, and in certain cases parenter-
ally (10). It has been shown that the addition 
of probiotics may diminish the duration of 
the disease and the severity of symptoms (2).

The ESPGHAN Working Group on 
Probiotics and Prebiotics summarized all 
the evidence found in the literature and is-
sued guidelines for the use of probiotics 
(11). Overall, probiotics as a group reduces 
the duration of diarrhea by approximately 1 
day (mean difference, MD -25 hours, 95% 
CI 16-34) and the risk of diarrhea lasting ≥4 
days (RR 0.41, 95% CI 0.32-0.53). How-
ever, only 2 probiotic strains can be strongly 
recommended on the basis of evidence from 
at least two RCTs, LGG and S. boulardii (11).

The Cochrane review collected the data 
from 11 RCTs with a total of 2072 partici-
pants, and showed that LGG reduces the du-
ration of diarrhea (MD -27 hours, 95% CI 

-41 to -13), mean stool frequency (MD-0.8, 
95% CI -1.3 to -0.2) and the risk of diarrhea 
lasting ≥4 days (RR 0.6, 95% CI 0.4-0.9) 
(12). The systematic review by Szajewska, et 
al. found 15 RCTs with 2963 participants 
and showed that LGG significantly reduced 
the duration of diarrhea compared with a 
placebo or no treatment (MD -1.05 days, 
95% CI -1.7 to -0.4); LGG was more effec-
tive in higher doses, that is ≥1010 CFU daily 
(MD -1.1 days, 95% CI -1.9 to – 0.3) (13).

Compared with a placebo or no interven-
tion, S. boulardii significantly reduced the du-
ration of diarrhea (11 RCTs, N=1306, MD 
-0.99 days, 95% CI -1.4 to -0.6) and the risk 
of diarrhea on day 3 (9 RCTs, N=1128, RR 
0.52, 95% CI 0.4-0.65) as proved in anoth-
er review (14). The daily dose was between 
250 and 750 mg (14). The Cochrane review 
showed similarly that S. boulardii reduced 
the risk of diarrhea lasting ≥4 days (6 RCTs, 
N=606, RR 0.37, 95% CI 0.2-0.65) (12).

Another strain, Lactobacillus reuteri DSM 
17938 (and the original strain ATCC 55730) 
has been shown to have a positive effect in 
AEG treatment (11). A systematic review 
from 2014 (15) found 2 RCTs on 196 partic-
ipants that evaluated L. reuteri DSM 17938 
and 3 RCTs on 156 participants that evaluat-
ed the original strain L. reuteri ATCC 55730. 
The results showed that both strains reduced 
the duration of diarrhea (MD-32 hours, 95% 
CI -41 to -24) and increased the chance of a 
cure on day 3 (RR 3.5, 95% CI 1.2-10.8). 
The results were similar in the analysis of L. 
reuteri DSM 17938 from 2016 that evaluated 
8 RCTs (N=1229) (16).

Summarizing all the data, the use of LGG 
and S. boulardii is strongly recommended as 
an adjunctive treatment in AEG despite the 
low quality of evidence provided, and L. re-
uteri DSM 17938 has a weak recommenda-
tion with very low quality of evidence (11). 
Ideally, probiotics should be initiated early 
in the course of diarrhea (2, 3, 5). There are 
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still no data that can recommend any other 
strain as a single microorganism or a mixture 
of strains for treatment of AEG in children.

Treatment of Functional 
Gastrointestinal Disorders

Chronic recurrent pain is one of the most 
common problems in children. Its prevalence 
in Europe and the United States ranges from 
0.3%-19% (17). The great majority are func-
tional in nature, which means that no specific 
organic cause can be found (18, 19). In a re-
cent meta-analysis with almost 200,000 par-
ticipants, the prevalence of functional gastro-
intestinal disorders (FGIDs) varied widely, 
from 1.6% to 41.2%, and the pooled preva-
lence was 13.5% (95% CI 11.8–15.3) (20). 
In the pediatric age group the most com-
mon entities were functional abdominal pain 
(FAP) and irritable bowel syndrome (IBS) 
(21). The Rome criteria are used to define a 
large spectrum of functional abdominal pain, 
with Rome III criteria (22) defining FAP as 
an episodic or continuous abdominal pain 
occurring at least once per week for at least 
2 months, with no evidence of inflammatory, 
anatomic, metabolic, or neoplastic process, 
while IBS is defined as abdominal pain or 
discomfort associated frequently with relief 
after defecation, change in stool frequency, 
and/or a change in stool consistence. Accord-
ing to the latest evidence, diagnosing FGIDs 
by exclusion of organic diseases has been 
changed to a symptom-based diagnosis, so 
in 2016 the Rome IV criteria were published 
(23). The main difference from the Rome 
III criteria is that the phrase “no evidence of 
an inflammatory, anatomic, metabolic, or 
neoplastic process that explain the subject’s 
symptoms” has been removed and changed 
to “after appropriate medical evaluation, the 
symptoms cannot be attributed to another 
medical condition”. The pathogenesis of 
FGIDs is complex and encompasses visceral 

hypersensitivity, psychosocial factors, visceral 
motility and intestinal dysbiosis with low-
grade inflammation (24-26). There is only 
symptomatic therapy for FGIDs, and probi-
otics have been shown to reduce the manifes-
tations of the disorder through modification 
of enzymatic and metabolic function, with 
limited data on the pediatric population (3).

Very recent data exist from a panel of 
experts organized by the European Paediat-
ric Association, the Union of the National 
European Paediatric Societies and Associa-
tions (EPA/UNEPSA) in 2018 that highlight 
two probiotic strains that could be effective 
in FGIDs, LGG and L. reuteri DSM 17938 
(2). According to a Cochrane meta-analysis 
probiotics in general can significantly reduce 
abdominal pain frequency (6 RCTs, N=523, 
standardized mean difference (SMD) -0.55, 
95% CI 0.98 to -0.12), without performing 
strain-specific analysis (27). A strain-specific 
meta-analysis was undertaken by Horwath 
and colleagues in 2011 and found LGG to 
be effective in FGIDs; in 3 RCTs with 290 
participants LGG reduced pain in the over-
all population with abdominal pain-related 
functional gastrointestinal disorders (RR 
1.31, 95% CI 1.08-1.59) and in irritable 
bowel syndrome (IBS) subgroup (3 RCTs, 
N=167; RR 1.70, 95% CI 1.27-2.27), but 
not in other subgroups of FGIDs (28). The 
same expert group (2) found some evidence 
from several RCTs that L. reuteri DSM 17938 
could reduce the pain in FGIDs, both FAP 
and IBS (21, 29).

Summarizing all the data, due to the limi-
tations of the available evidence, no recom-
mendations can be provided for the use of 
probiotics in the treatment of FGIDs (2). 
Latin-American experts came to similar con-
clusions with 2c grade of recommendation 
for LGG in improving symptoms in IBS (3), 
with the addition of VSL#3 with the same 
indication, on the basis of the trial by Guan-
dalini, et al. in 2010 (30).
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Treatment and Prevention of Infantile 
Colic

Infantile colic is a common problem that af-
fects up to 30% of healthy infants (2, 3, 31). 
The first definition given in 1954 as parox-
ysms of irritability, fussing or crying lasting 
for a total of more than three hours a day and 
occurring on more than three days in any one 
week, in an otherwise healthy and thriving 
infant, is still used (32). More recently Rome 
IV criteria defined infant colic as recurrent 
and prolonged periods of crying, fussing or 
irritability in otherwise healthy infants under 
the age of 5 months, occurring without ob-
vious cause and which cannot be prevented 
or resolved by caregivers (33). The cause is 
still unclear, but there is strong evidence that 
intestinal dysbiosis has an important role (2, 
31, 34).

Latin-American Guidelines from 2015 
found L. reuteri DSM 17938 to be effec-
tive for colic treatment and prevention (3). 
A more recent systematic review of 7 RCT 
(N=471) with low risk of bias, compared 
probiotics with a placebo in healthy full-term 
infants with infantile colic who were less 
than 6 months of age (31). Treatment suc-
cess, defined as the percentage of children 
who achieved a reduction in the daily average 
crying time >50%, and the duration of the 
crying time were evaluated at the end of the 
intervention. Data from 5 RCTs found L. re-
uteri DSM 17938 increased treatment success 
(RR=1.67, 95% CI: 1.10 - 2.51.), but only in 
breastfed infants (4 RCTs, N=345, RR=2.11,  
95% CI: 1.22–3.66). The same strain re-
duced the duration of crying at the end of 
the intervention by almost 50 min (5 RCTs, 
MD = –50, 95% CI: –66 to –33) (31).

One RCT (N=30) found LGG not to 
have any significant effect on treatment suc-
cess (RR=0.10, 95% CI: 0.01–1.76) and the 
duration of crying (MD=1 min, 95% CI: 
–62 to 60) (31). Data from one RCT (N=50) 
showed that administration of a symbiotic 

containing 7 probiotic strains (L. casei, L. 
rhamnosus, S. thermophilus, B. breve, L. aci-
dophilus, B. infantis, L. bulgaricus) and fruc-
tooligosaccharides increased the treatment 
success (RR=1.96, 95% CI: 1.18 - 3.24) and 
reduced the duration of crying (MD=–35, 
95% CI: –40 to –29) (31).

There is still no strong evidence to sup-
port the use of probiotics in infantile colic 
prevention, although there are some promis-
ing data on L. reuteri DSM 17938 (2, 34).

Conclusion

There have been numerous clinical investiga-
tions that have tried to prove the use of pro-
biotics not only in gastrointestinal diseases, 
but in diseases affecting many other organs. 
It is of the utmost importance to choose a 
probiotic strain with clinically proven effica-
cy in well-controlled randomized clinical tri-
als. From a gastroenterological point of view, 
there are only small number of illnesses where 
the use of the probiotics has been proved to 
be beneficial. Two strains are recommended 
for AAD prevention and treatment of acute 
gastroenteritis: LGG and S. boulardii. For 
the strain L. reuteri DSM 17938 there is a 
weak recommendation for AGE treatment. 
Among FGIDs, L. reuteri DSM 17938 has 
been found to be effective in the treatment 
of infantile colic in breastfed infants. Probi-
otics are generally found to be safe, but in 
certain clinical conditions, such as in immu-
nocompromized, premature and critically ill 
patients, they should be used with extreme 
caution. 
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