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in children
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The gastrointestinal microbiome is a hot topic in clinical research. Beneficial effects of selected probiotics in the 
prevention of gastrointestinal disorders are mainly restricted to acute gastroenteritis, antibiotic-associated diarrhoea, 
infantile colic, and necrotising enterocolitis. However, no broad consensus exists to recommend the use of probiotics 
in the prevention of these conditions, mainly because of the different design of the studies done so far, resulting in 
little evidence for specific strains, dosages, and indications. More well designed studies are needed before 
recommendations can be proposed. At this stage, the evidence is insufficient to recommend the routine use of 
probiotics in infants and children for the prevention of gastrointestinal disorders.

Introduction
A balanced microbiome is associated with eubiosis and 
health, whereas an unbalanced microbiome or dysbiosis is 
related to a lot of health problems, both within and outside 
the gastrointestinal tract. The question arises immediately: 
do we know the optimal balance of the gastrointestinal 
microbiota of the healthy infant and child? At this stage, 
the answer to this question is still unknown.

The differences between the gastrointestinal microbiota 
development in infants born through caesarean section 
versus natural delivery, or formula feeding versus 
breastfeeding, are well known.1,2 The gastrointestinal 
microbiota of the mother is influenced during pregnancy 
by medications (eg, antibiotics and anti-acid medications), 
diet, stress, and many other factors.3–5 The gastrointestinal 
microbiota of the breastfed baby born vaginally is generally 
considered as the healthy gut microbiota, but depends 
on the microbiota of the mother because the maternal 
perianal microbiota colonises the newborn baby. More
over, the gastrointestinal microbiota of an exclusively 
breastfed infant depends on the secretor status of the 
mother, and on the amount of oligosaccharides secreted 
in the mother’s milk.6 Gastrointestinal microbiota com
position depends also on gastrointestinal transit time,7 
and transit time is a factor of major effect on the 
composition of the gastrointestinal microbiome.

Prebiotic human milk oligosaccharides are the third 
most important component, after lactose and lipids, of 
mother’s milk and enhance the development of a healthy 
bifidogenic microbiome. Protein is only the fourth most 
important component. These human milk oligosaccha
rides are virtually absent in cow milk and thus also in cow 
milk based infant formula. Therefore, supplementation of 
infant formula with prebiotic oligosaccharides to enhance 
the development of a bifidogenic microbiome seems a 
more physiological option than adding probiotics. Never
theless, probiotics have also been added to infant feeding 
with the intention to prevent disease and thus result in 
a better health outcome. On the basis of the current 
literature, a case can be made for the use of specific sets of 
probiotic organisms during early life with the goal of a 
healthy pregnancy to term, and a healthy start to life with 
lowered risk of infections and inflammatory events.8

Probiotics and prevention
Probiotics are defined as live microorganisms that when 
administered in adequate amounts confer a health 
benefit on the host.9 According to data from Denmark,10 
some parents define probiotics as a kind of medicine 
they only use if their child is ill. According to the same 
study,10 parents worry that probiotics might cause an 
imbalance in the microbiome of a young child. Parental 
probiotic consumption practices are embedded in a 
cultural understanding of the child.10 Parents accept the 
use of probiotics as treatment but are sceptical about 
their use in prevention.10 The parents’ perception of 
probiotics is determined by their level of information and 
knowledge. Because mother’s milk is suggested to 
contain probiotic bacteria,11 to administer probiotic 
strains is not unnatural. Many infant formulae are 
supplemented with probiotic bacteria. But when 
administered separated from food, as a supplement, 
probiotics are perceived as medication.10 However, these 
findings should be validated worldwide because parental 
perception regarding preventive probiotic administration 
might differ in different parts of the world.

Pregnancy and breastfeeding
Probiotics administered during pregnancy and breast
feeding to the mother can be found in the gastrointestinal 
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microbiota of the mother. However, there are scarce data 
on how the administration of probiotics to the mother 
might impact on the gastrointestinal tract of the infant. 
Prenatal administration of probiotics to pregnant women 
has mainly been studied focusing on the prevention 
of atopic dermatitis, with contradictory results.12,13 A 
guideline by the World Allergy Organization did not 
recommend use of probiotics to reduce the risk of allergy 
in children.14 However, the World Allergy Organization 
considered that a likely net benefit from using probiotics 
to prevent eczema exist. Specifically, the World Allergy 
Organization suggests: “using probiotics in pregnant 
women at high risk for having an allergic child”; “using 
probiotics in women who breastfeed infants at high risk 
of developing allergy”; and “using probiotics in infants at 
high risk of developing allergy”.14 All recommendations 
were conditional and supported by a very low quality of 
evidence.14 Analysis of the role of probiotics in the 
prevention of atopic dermatitis shows that a positive 
effect might be related to the type of probiotic strain 
used, the method of administration, the onset time, the 
dose size, and the duration of treatment.15 According to 
several reviews,12,16,17 a combined prenatal and postnatal 
supplementation might be the most effective. Oral 
supplementation of probiotics to mothers after preterm 
birth might improve the time necessary to tolerate 50% 
of the enteral feeds by the preterm infants; however, this 
estimate is very imprecise.18

The evidence is insufficient to conclude whether an 
appreciable benefit or harm to neonates exists of either 
oral supplementation of probiotics administered to 
pregnant women at low risk for preterm birth or oral 
supplementation of probiotics to breastfeeding mothers 
of preterm infants after birth.

Diarrhoea
Diarrhoea of any cause (eg, nosocomial, infectious, and 
antibiotic associated) is a major health issue in infants 
and young children because of the high incidence of this 
condition during early childhood. Globally, every child 

younger than 3 years is reported to develop at least one 
episode of infectious gastroenteritis per year.19 

In 1994, Saavedra and colleagues20 were the first to report 
the benefit of supplementation of infant formula with 
Bifidobacterium bifidum and Streptococcus thermophilus in 
reducing the incidence of acute diarrhoea and rotavirus  
shedding in infants admitted to a chronic medical care 
hospital during the study period (table 1). By contrast, 
Bifidobacterium animalis subsp lactis BB12 was not effective 
in preventing nosocomial infections when given to 
children older than 1 year during hospital treatment for 
acute disease.21

Data regarding Lactobacillus rhamnosus GG (LGG) are 
somehow contradictory. Prophylactic use of LGG 
significantly reduced the risk of nosocomial diarrhoea in 
infants, particularly nosocomial rotavirus gastroenteritis, 
resulting in a number needed to treat of four.22 However, 
formula supplementation with LGG was ineffective in 
preventing nosocomial rotavirus infections, whereas 
breastfeeding was effective.23 A randomised controlled 
trial24 showed that LGG (6 × 10⁹ colony forming units 
[CFU] per day) together with vitamins B and C and zinc 
given for 15 days, starting on the first day of admission to 
hospital for treatment, to children aged 0·5–5·0 years 
resulted in a reduced incidence of nosocomial infections 
during the study.

According to a review,27 administration of LGG and 
B bifidum and S thermophilus compared with placebo 
reduced the risk of health care-associated diarrhoea. 
Administration of two other probiotics (Lactobacillus reuteri 
DSM17938 and Lactobacillus delbrueckii H2B20) was 
ineffective.27 Sufficient evidence exists for showing that 
LGG administrated in a dose of at least 10⁹ CFU per day 
during a hospital stay can significantly reduce the risk for 
nosocomial diarrhoea on a regular paediatric ward.28 
Evidence of effectiveness of L reuteri DSM17938 in 
preventing nosocomial diarrhoea in children is absent.25,26 
On the basis of currently available evidence, LGG can be 
recommended when the use of probiotics for preventing 
nosocomial diarrhoea in children is considered, as 
recommended by the Working Group on Probiotics from 
the European Society of Paediatric Gastroenterology, 
Hepatology and Nutrition.29,30

Acute gastroenteritis is one of the most frequent infect
ious diseases during early childhood. Therefore, the effect 
of the administration of probiotics has been tested in the 
prevention of acute gastroenteritis. B lactis BB12, when 
added to an acidified infant formula, was shown to have 
some, albeit very modest, protective effect against acute 
diarrhoea in healthy children (table 2).31 The difference in 
the incidence of diarrhoea during the study was not 
different in the probiotic supplemented and control group 
(13 [28%] of 46 patients in the supplemented group vs 17 
[39%] of 44 patients in the control group). The number of 
days with diarrhoea did not differ between the groups but 
the daily probability to develop diarrhoea differed. Feeding 
infants with B lactis BB12 reduced the risk of getting 

Strains Overall incidences of 
nosocomial diarrhoea

p value

Probiotic Placebo

Saavedra et al (1994)20 Bifidobacterium bifidum and 
Streptococcus thermophilus

7% 31% 0·035

Hojsak et al (2015)21 Bifidobacterium animalis BB12 8% 6% 0·32

Szajewska et al (2001)22 LGG 7% 33% 0·002

Mastretta et al (2002)23 LGG 25% 30% 0·43

Bruzzese et al (2016)24 LGG 9% 33% 0·016

Urbańska et al (2016)25 10⁹ CFU of Lactobacillus reuteri 
DSM17938

6% 8% 0·87

Wanke and Szajewska (2012)26 10⁸ CFU of L reuteri DSM17938 33% 31% 0·78

CFU=colony-forming units. LGG=Lactobacillus rhamnosus GG.

Table 1: Probiotics and prevention of nosocomial diarrhoea
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diarrhoea by a factor of 1·9.31 B animalis subsp lactis BB12 
given over a period of 3 months had no effect on the 
prevention of gastrointestinal and respiratory tract 
infections in healthy children who attended day care 
centres. Overall, the effect on the incidence of diarrhoea 
during the study period was not significant.32 In a 
community-based, double-blind, randomised controlled 
trial33 in India, children aged 1–3 years were randomly 
allocated to receive either control milk or the same milk 
fortified with 2·4 g per day of prebiotic oligosaccharide and 
1·9 × 10⁷ CFU per day of the probiotic B lactis HN019, 
resulting in significant reduction of dysentery, respiratory 
morbidity, and febrile illness. A daily administration of a 
combination of B animalis subsp lactis BB12 and LGG for 
6 months in healthy infants did not reduce the number of 
episodes of diarrhoea, or the number of days the child was 
absent from child care.34 Formulas containing B lactis BB12 
and galacto-oligosaccharides and fructo-oligosaccharides 
did not show benefit in reducing infection rate compared 
with formulas with only B lactis.35

A placebo-controlled trial36 with LGG showed a decreased 
incidence of diarrhoea in undernourished, formula-fed 
children in Peru, but not in breastfed children. The 
difference in gastrointestinal microbiota development in 
breastfed versus formula-fed infants might in part explain 
this observation, but breastmilk is also a source of protective 
IgA antibodies,39 which might protect the infant from 
developing infectious diarrhoea. Outcomes in prevention 
might differ from outcomes in treatment, because two 
recent therapeutic trials40,41 concluded that probiotics (a 
mixture of L rhamnosus R0011 and Lactobacillus helveticus 
R0052, and LGG) did not shorten the duration of acute 
gastroenteritis. In a multicentre study done in 928 children, 
the incidence of diarrhoea was significantly reduced with 
the consumption of fermented milk supplemented with 
Lactobacillus casei DN-114 001 (16%) compared with yogurt 
(22%).37 Daycare infants fed a formula supplemented with 
L reuteri (American Type Culture Collection 55730) or 
B lactis BB12 had fewer and shorter episodes of diarrhoea, 
with no effect on respiratory illnesses.38 Healthy children 
attending day care centres, with daily administration of 
L reuteri DSM17938 showed a significant effect in reducing 
episodes and duration of diarrhoea and respiratory tract 
infection, with consequent cost savings for the community.42 
The number of medical visits, antibiotic use, absenteeism 
from day school, and parental absenteeism from work were 
significantly reduced in the L reuteri group (p=0·01).42 
According to a review,43 L reuteri is reported to be effective in 
reducing the incidence of diarrhoea in children attending 
day care centres.

In summary, preventive administration of some specific 
probiotic strains most of the time results in a decreased 
incidence of acute gastroenteritis in regions with a very 
high incidence of the condition.

The prevention of antibiotic-associated diarrhoea has 
been the subject of many investigations, both in children 
and adults. The most commonly used probiotics are LGG, 

Lactobacillus acidophilus, L casei, B ssp, Streptococcus ssp, 
and the yeast Saccharomyces boulardii. Most of these trials 
show clear evidence of efficacy, with the two most effective 
strains being LGG and S boulardii. Evidence is also 
becoming available on the importance of the dose of 
probiotics in reducing the incidence of this type of 
diarrhoea, and the incidence of diarrhoea associated with 
Clostridium difficile after the use of antibiotics.44 A yogurt 
combination of LGG, L acidophilus, and B lactis BB12 was 
reported to be an effective method to reduce the incidence 
of antibiotic-associated diarrhoea in children (table 3).45 
Lactobacillus plantarum DSM9843 was not better than 
placebo regarding the prevalence of loose or watery stools, 
mean number of loose or watery stools, or the incidence 
of abdominal symptoms during antibiotic administration.46 
L reuteri DSM17938 was not effective in the prevention of 
diarrhoea or antibiotic-associated diarrhoea in children.47 
S boulardii was shown to prevent antibiotic-associated 

Strain Overall incidence of acute gastroenteritis p value

Probiotic Placebo

Chouraqui et al 
(2004)31

Bifidobacterium lactis BB12 28% 39% 0·30

Hojsak et al 
(2016)32

B lactis BB12 64%* 61%* 0·64

Sazawal et al 
(2010)33

B lactis HN019 and prebiotics 5·26 episodes 5·44 episodes 0·08

Laursen et al 
(2017)34

B lactis BB12 and LGG 64% 56% 0·14

Bocquet et al 
(2013)35

B lactis BB12 4·5 (3·0) episodes* 4·9† (3·2) episodes* 0·18

Oberhelman et al 
(1999)36

LGG 5·21 6·02 0·028

Pedone et al 
(2000)37

Lactobacillus casei DN-114 001 16% 22%‡ 0·03

Weizman et al 
(2005)38

Lactobacillus reuteri ATC 
55730 or B lactis BB12

0·02 episodes 
(L reuteri); 
0·13 episodes 
(B lactis)

0·31 episodes <0·001

Data are proportion (%) or mean (SD). LGG=Lactobacillus rhamnosus GG. *Common infections reported (not only acute 
gastroenteritis). †Prebiotics group. ‡Yoghurt.

Table 2: Probiotics and prevention of acute gastroenteritis

Strains Incidences of 
antibiotic-associated 
diarrhoea

p value

Probiotic Placebo

Fox et al (2015)45 LGG Bifidobacterium lactis Bb-12 
Lactobacillus acidophilus La-5*

0% 18% 0·025

Olek et al (2017)46 Lactobacillus plantarum 
DSM9843

39% 44% 0·26

Kołodziej and Szajewska (2018)47 Lactobacillus reuteri DSM17938 6% 11% 0·17

Shan et al (2013)48 Saccharomyces boulardii 4% 19% <0·001

LGG=Lactobacillus rhamnosus GG. *Both probiotic and placebo groups received yoghurt.

Table 3: Probiotics and prevention of antibiotic-associated diarrhoea
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diarrhoea in children admitted for hospital treatment 
because of a respiratory tract infection.The yeast was also 
effective as treatment of antibiotic-associated diarrhoea in 
children in the placebo group who ended up developing 
antibiotic-associated diarrhoea.48

According to a review,49 moderate-quality evidence 
suggests that probiotics are associated with decreased 
incidence of antibiotic-associated diarrhoea in children 
(1 month–18 years) without an increase in adverse events. 
A Cochrane systematic review,50 analysing data from 
23 studies (3938 participants), estimates a pooled probiotic 
effect (relative risk [RR] 0·46, 95% CI 0·35–0·61) with a 
number needed to treat of ten. A post-hoc subgroup 
analysis to explore heterogeneity indicated that probiotics 
are effective among trials with a C difficile associated 
diarrhoea baseline risk over 5%. The weakness of this 
kind of meta-analysis is that all probiotic strains are 
grouped together, although some strains might be more 
effective than others. Among the various probiotics 
evaluated, LGG or S boulardii at 5–40 × 10⁹ CFU per day 
might be appropriate given the modest number needed to 
treat and the likelihood that adverse events are very rare.51 
In a meta-analysis, LGG was reported to be effective in 
preventing antibiotic-associated diarrhoea in children and 
adults treated with antibiotics for any reason, although 
with a moderate to low quality of evidence.52 Moderate-
quality evidence suggests that probiotics are associated 
with a decreased risk of C difficile infection and very low-
quality evidence suggests that probiotics are associated 
with fewer adverse events than placebo or no treatment.53 
The European Society of Paediatric Gastroenterology, 
Hepatology and Nutrition recommends that, if the use of 
probiotics to prevent antibiotic-associated diarrhoea is 
considered because of the existence of risk factors such as 
class of antibiotics, duration of antibiotic treatment, age, 
need for admission for hospital treatment, comorbidities, 
or previous episodes of antibiotic-associated diarrhoea, 
LGG (moderate quality of evidence, strong recommend
ation), or S boulardii (moderate quality of evidence, strong 
recommendation) are recommended.54 New information 
showed that LGG bacteria are sensitive to penicillin, 
which might make this probiotic ineffective in these 
circumstances.55

S boulardii is the only probiotic that can be recommen
ded (low quality of evidence, conditional recommendation) 
to prevent diarrhoea associated with C difficile.30,54 Other 
strains or combinations of strains have been tested in this 
indication, but sufficient evidence for efficacy is absent.54 
Despite the need for further research, hospital treatment 
for patients, particularly those at high risk of diarrhoea 
associated with C difficile, should be informed of the 
potential benefits and harms of probiotics.30 S boulardii, 
and faecal microbiota transplantation have become valid 
forms of prevention or therapy of colitis caused by 
C difficile.56 Analyses showed that the potential for using 
S boulardii as an antibiotic-associated prophylactic 
treatment for diarrhoea in inpatients in Belgium would 

result, on the basis of 831 655 hospital admissions with 
antibiotic administration in 2014, in €503 cost saving per 
patient.57 For example, generalised use of S boulardii in 
adult inpatients treated with antibiotics could result in 
total annual savings up to €418 million for the Belgian 
health-care system.57

Infantile colic
The general incidence of infant colic is similar among 
formula-fed and breastfed infants.58 The vast majority of 
published articles concerning infant colic have evaluated 
probiotics as a therapeutic tool and have shown that 
L reuteri DSM17938 was effective in reducing infant colic 
mainly in breastfed infants.59 Six studies included for 
subgroup meta-analysis on probiotic treatment, notably 
L reuteri, showed that administration of probiotics is an 
effective treatment, with an overall mean difference in 
crying time at day 21 of –55·8 min per day (95% CI 
–64·4 to –47·3, p= 0·001).60

Little data are available regarding the use of probiotics in 
the prevention of infant colic. To the best of our knowledge, 
only two clinical studies were published. The first trial 
included 468 infants, breastfed and formula-fed, showing 
that compared with placebo, the daily administration of 
L reuteri DSM17938, from day 3 for 90 days, resulted in a 
significant reduction in crying time by approximately 
51 min per day at 1 month, and by 33 min per day at 
3 months. The emergency room visits, lost parental 
working days, and use of additional medications in infants 
who received the probiotic agent were also significantly 
less. A cost–benefit analysis showed significant savings as 
well.61 Preventive administration of L reuteri was shown to 
reduce the number of consultations because of colic, and 
to reduce health-care cost, both for the family (€88) and 
for the community (€104).62,63 The second study was based 
on a secondary analysis of data from a trial of LGG 
supplementation, for the first 6 months of life in 
184 infants. No differences were found between the 
infants exposed to early LGG supplementation, versus 
infants exposed to the control intervention.64 In a third 
small study, with poorly defined methods, preventive 
administration of Bifidobacterium breve B632 and BR03 
resulted in a mean duration of crying of 12·14 min on 
average in the probiotics group and of 46·65 min in the 
placebo group during the third month of supplementation. 
However, no differences were noticed during the first and 
the second months of supplementation.65 In view of these 
conflicting results, further controlled large-scale strain-
specific trials are warranted. L reuteri DSM17938 was 
recommended at a dose of 10⁸ CFU once daily as 
preventive strategy of infantile colic (level-1 evidence, ie, at 
least one randomised controlled trial done).30

Although there is insufficient evidence for a recom
mendation, available data suggest that specific probiotic 
strains such as L reuteri DSM17938 might prevent infantile 
colic in some infants. Because L reuteri administration is 
reported to be safe, it is at the end a cost–benefit discussion.
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Necrotising enterocolitis
The stepwise microbial gut colonisation might already be 
initiated prenatally by a distinct microbiota in the placenta 
and amniotic fluid.66 The clinical meaning of these 
findings needs to be further evaluated. A gut microbiota 
associated with necrotising enterocolitis has been 
identified in meconium samples; Clostridium perfringens is 
associated with necrotising enterocolitis from the first 
meconium until just before necrotising enterocolitis 
onset.65 By contrast, in postmeconium increased numbers 
of staphylococci were negatively associated with 
necrotising enterocolitis.67

L reuteri DSM17938 administered to preterm infants 
was shown to be safe and to significantly reduce feeding 
intolerance.17 No differences were found for any other 
secondary outcomes such as necrotising enterocolitis, 
hospital stay, sepsis, and diarrhoea.17

A meta-analysis concluded that bifidobacterial admin
istration reduced the relative risk of developing necrotising 
enterocolitis (RR 0·38, 95% CI 0·25–0·58; p<0·00001) or 
death (0·74, 0·60–0·92; p=0·006).68 No difference in the 
overall incidence of sepsis was found (0·87, 0·73–1·03; 
p=0·11).68 In a retrospective observational study,69 the 
overall incidence of necrotising enterocolitis in 640 infants 
with very low birth weight with a median gestational age 
of 28·7 weeks that were given LGG was 33 (17%) of 197 
infants compared with 45 (10%) of 443 before the 
implementation of the probiotic administration.69 The 
conclusion of this trial was that LGG increased the risk of 
developing necrotising enterocolitis.69 However, another 
group came to the opposite conclusion with a similar 
protocol of a retrospective observational study done in a 
low-income setting in that LGG significantly reduced 
necrotising enterocolitis stage 2 and the composite 
outcome of necrotising enterocolitis at stage 2 and 
mortality in preterm infants.70 According to a strain 
specific network meta-analysis, only three of 25 studied 
probiotic treatment combinations showed significant 
reduction in mortality: the combination of B bifidum 
NCDO 1453 and L acidophilus NCDO 1748 (based on two 
studies with 494 infants); the combination of B bifidum, 
and L acidophilus (based on one study with 186 infants); 
and the combination of B infantis, L acidophilus, L casei, 
L plantarum, L rhamnosus, and S thermophilus altogether 
(based on one study with 150 infants).71 Seven treatments 
reduced the overall incidence of necrotising enterocolitis: 
B lactis BB12 or B94 (based on five trials with 828 infants); 
L reuteri ATCC 55730 or DSM17938 (based on four studies 
with 1459 infants); LGG (based on six studies with 
1507 infants); the combination of B bifidum, B infantis, 
B longum, and L acidophilus (based on two studies with 
247 infants); the combination of B infantis ATCC 15697 
and L acidophilus ATCC 4356 (based on one study with 367 
infants); the combination of B infantis BB02, B lactis BB12, 
and S thermophilus TH-4 (based on two studies with 
1244 infants); and the combination of B longum 35624 
and LGG (based on two studies with 285 infants). Two 

treatments reduced late-onset sepsis: the combination of 
B bifidum, B infantis, B longum, and L acidophilus (based 
on two studies with 247 infants; and the combination of 
B longum R00175, Lactobacillus helveticus R0052, 
L rhamnosus R0011, and S boulardii CNCM I-1079 (based 
on three studies with 241 infants). Three treatments 
reduced time until full enteral feeding: L reuteri ATCC 
55730 or DSM17938 (based on three studies with 
626 infants); the combination of B bifidum, B infantis, 
B longum, and L acidophilus (based on two studies with 
247 infants); and the combination of B longum BB536 and 
LGG (based on one study with 94 infants).71 There was no 
clear overlap of strains, which were effective on multiple 
outcome domains.71 The network meta-analysis showed 
efficacy in reducing mortality and morbidity only in a 
minority of the studied strains or combinations. This 
result might be because of an inadequate number, or size, 
of randomised controlled trials, or because of a true 
absence of effect for certain species. Further large and 
adequately powered randomised controlled trials with 
strains with the greatest apparent efficacy will be needed 
to precisely define optimal treatment strategies.

Probiotics seem to be the most substantial advance in 
necrotising enterocolitis prevention at present because of 
the substantial range of beneficial effects at various levels of 
gut function and defence mechanisms.30,72 Although some 
authors published strong evidence to support general 
effects of probiotics as a group, rather than focusing on 
strain-specific effects, others do question this approach and 
conclude that the evidence is insufficient to guide the 
selection of the most effective strains.72–74 The authors of 
this Review strongly believe in strain and product specificity 
and think that extrapolation to unstudied strains and 
products could be harmful. The importance of strain 
specificity and demonstration of safety is highlighted 
because a specific product (Infloran) was reported to 
increase the overall incidence of necrotising enterocolitis.75

Regurgitation
Administration of L reuteri DSM17938 prevented 
regurgitation episodes during the first month of life in 
exclusively breastfed infants, compared with historical 
controls.76 Prophylactic use of L reuteri DSM17938 from 
birth up to 3 months of age resulted in a decreased number 
of episodes of regurgitations per day (2·9 vs 4·6; p<0·01).61 
This finding is likely to be related to fast gastric emptying 
induced by the probiotic.77 A synbiotic infant formula, 
supplemented with B lactis and fructo-oligosaccharides, 
with lactose and a protein ratio of 60% whey and 40% casein 
was tested in 280 infants for 3 months and resulted in a 
lower incidence of daily regurgitation (11% of all infants) 
than the median prevalence for a similar age according to 
historical data from literature (median value of 27% for 
regurgitation).78 Some probiotic strains might enhance 
gastric emptying and therefore have a beneficial effect on 
functional gastrointestinal symptoms of the oesophagus 
and stomach.
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L reuteri DSM17938 decreased dysbiosis in children 
treated with proton pump inhibitors.79 After 12 weeks of 
treatment with a proton pump inhibitor, dysbiosis was 
diagnosed according to the results of a glucose hydrogen 
breath test in 36 (56%) of 64 children in the placebo 
group, compared with 4 (6%) of 64 children in the 
probiotic group (p<0·001).79 Bacterial overgrowth was 
detected in 6 (5%) of 120 controls, which is similar to the 
group treated with L reuteri and proton pump inhibitors.79

The evidence from literature is insufficient to recom
mend routine administration of some specific probiotic 
strains for the prevention of regurgitation. However, no 
study suggested that probiotics might increase the risk 
for regurgitation. L reuteri DSM17938 might decrease 
the adverse effects of proton pump inhibitors on the 
gastrointestinal microbiota.

Constipation
A meta-analysis concluded that the evidence is insufficient 
to recommend prebiotics, probiotics, or synbiotics in 
the treatment of children with functional constipation.80 
Another meta-analysis showed that some probiotic strains 
increase stool frequency in Asian children.81 A synbiotic 
infant formula, supplemented with B lactis and fructo-
oligosaccharides, was tested in 280 infants for 3 months 
and showed a lower overall incidence of constipation 
(9 [3%] of 280 infants) than the median prevalence reported 
in literature (8%).78 L reuteri DSM17938 administration to  
young infants resulted in a significant increase in mean 
number of defecations per day (4·2 vs 3·6; p<0.01).61 

Helicobacter pylori
Lactobacilli, as an adjunct to triple therapy, increase 
Helicobacter pylori eradication rates and reduce the overall 
incidence of therapy-related diarrhoea in children.82 
According a meta-analysis of data obtained with 
S boulardii in 11 randomised controlled trials 
(2200 participants, among them 330 children), the yeast 
probiotic is likely to reduce the H pylori eradication rate 
with about 10% and to decrease the adverse effect of the 
eradication therapy.83 A meta-analysis of five studies 
(434 participants), concluded that different Lactobacillus 
strains were detected in each study: L acidophilus and 
L rhamnosus, L reuteri, L casei, LGG, and compound 
Lactobacillus without detailed information of contained 
strains.82 However, no data exist on the prevention of 
Helicobacter pylori infection by the administration of 
probiotics.

Small bowel bacterial overgrowth, irritable bowel 
syndrome, and inflammatory bowel disease
There are a few studies in adults showing that the clinical 
consequence of small intestinal bacterial overgrowth can 
be treated effectively by administration of probiotics. 
L rhamnosus R0011 (1·9 × 10⁹ CFU) and L acidophilus R0052 
(0·1 × 10⁹ CFU) failed to decrease the overall incidence of 
small bowel bacterial overgrowth in children treated with 

omeprazole.84 However, we could not find any information 
on the use of probiotics in the prevention of this condition.

Although there are some data reporting that some 
specific strains of probiotics alleviate pain in children with 
irritable bowel syndrome,85–87 we could not find that on 
prevention. To the best of our knowledge, there are no 
randomised controlled trials evaluating whether preventive 
administration of probiotics might decrease the number of 
flares of inflammatory bowel disease in children.

Conclusion
The knowledge about the relation between the components 
of the gastrointestinal microbiome related to health 
outcomes is evolving quickly. Studies on the probiotic 
administration for the prevention of gastrointestinal 
disorders are scarce. Most studies focus on prevention of 
infectious, nosocomial, and antibiotic-associated diarrhoea 
or necrotising enterocolitis, with some studies on infantile 
colic. However, the studies on the prevention of necrotising 
enterocolitis differ in design and strains tested. As a 
consequence, there is no consensus to recommend the 
routine administration of probiotics to preterm infants to 
prevent necrotising enterocolitis. The possibility of serious 
adverse effects in preterm infants should be considered. No 
consensus exists on whether probiotics should be routinely 
administered to infants to prevent acute gastroenteritis, 
antibiotic-associated diarrhoea, or infantile colic. The 
strongest evidence for a benefit of preventive probiotic use 
in children is for the administration of B lactis for 
acute gastroenteritis, S boulardii and LGG for antibiotic-
associated diarrhoea, and L reuteri DSM17938 for infantile 
colic, for regurgitation, and stool composition. Despite the 
scarcity of evidence, many infant formulae do contain 
probiotics and thus many infants are exposed to daily 
intake of probiotic strains. Evidence-based, the data are 
insufficient to recommend routine administration of 
probiotics for prevention of gastrointestinal disorders. 
However, preventive probiotic administration is also 
unlikely to be harmful or cause adverse effects.
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