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ABSTRACT
Probiotics are widely used in promoting human health and
adjunctive therapy of human disease. Many clinical trials and
research studies have shown benefits of probiotics. We review
the literature associated with the clinical applications of
probiotics in paediatric diseases, including necrotizing entero-
colitis, infantile colic, infectious diarrhoea or gastrointestinal
infection, antibiotic-associated diarrhoea, constipation, lactose
intolerance, inflammatory bowel disease, irritable bowel
syndrome and functional abdominal pain. We also summarize
the representative probiotics that are commonly used in
paediatric diseases.
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INTRODUCTION
A recent, detailed definition of probiotics reads, ‘a preparation of
or a product containing viable, defined microorganisms in sufficient
numbers, to alter the existing microflora (by displacement or
colonization) in the intestine of the host and thereby exert beneficial
health effects on the host’.1 The possible functions of probiotics
are varied and include the production and secretion of antimicrobial
substances, which act as a stimulus to the host’s immune responses
and displacement of pathogen colonization. Probiotics provide
potential health benefits to the host by stimulating metabolic
activities or by protecting the host against conditions such as
intestinal infection, infectious diarrhoea, necrotizing enterocolitis,
antibiotic-associated diarrhoea (AAD), or irritable bowel
syndrome.2 As more applications of probiotic therapy are
recommended for children, it is important to know that the
efficacy of one probiotic strain does not mean that other strains
will be equally efficacious.

There are several reasons why the public seeks alternative
forms of therapy to prevent and to treat diseases. For example, an
increase in antibiotic resistance to infections, particularly
gastrointestinal infections, because of the inadvertent use of
antibiotics by physicians and the excessive use of antibiotics in
the livestock industry to improve meat and dairy production has
prompted the public to seek safer ways of treating infections. Oral
bacteriotherapy promotes recovery from acute childhood diarrhoea
and certain probiotic agents (e.g. Lactobacillus GG or a mixture
of Lactobacillus or Bifidobacteria spp.) have shown efficacy in
clinical trials for the treatment of acute childhood diarrhoea.

We address different gastrointestinal disorders in which
probiotics have been used and provide a brief framework for the
potential benefit of probiotics.

NECROTIZING ENTEROCOLITIS
NEC is a severe intestinal inflammatory disorder of newborns
associated with high mortality rates in premature infants. Although
the pathogenesis of NEC is not completely understood, risk
factors for NEC include prematurity, enteral feeding and abnormal
bacterial growth in the gastrointestinal tract. A Cochrane systematic
review3 analysed randomized or quasi-randomized controlled
trials that enrolled preterm infants who were born at a gestational
age of <37 weeks and/or had a birth weight of <2500 g. Trials were
included if they involved enteral administration of any live
microbial supplement (probiotics) and measured at least one
clinical outcome such as NEC. In this meta-analysis of trial data,
enteral probiotic supplementation significantly reduced the
incidence of severe NEC (stage II or more) [typical RR 0.32 (95%
CI 0.17–0.60)] and mortality [typical RR 0.43 (95% CI 0.25–
0.75)]. The Cochrane systematic review revealed that the use of
probiotics in preterm infants significantly reduced the incidence
of NEC and death in preterm infants.3 In this systematic review,
5 studies reported that the administration of prophylactic probiotics
significantly reduced the incidence of severe stage II–III NEC.4–8

These 5 studies included trials that reported no systemic infection
due to supplementation by probiotics.

In a multicentre clinical trial, 434 infants (birth body weight
<1500 g) were enrolled, which included 217 in the probiotics
group (who were fed with probiotics containing Lactobacillus
(L.) acidophilus and Bifidobacterium (B.) bifidum 2×109 colony
forming units (CFU)/day for 6 weeks) and 217 in the control
group. The incidence of death or NEC (stage >2) was significantly
lower in the probiotics group (4 of 217 infants v. 20 of 217
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infants).9 Furthermore, one of the largest studies also reported that
there were no complications attributed to the daily administration
of L. acidophilus and B. infantis to 1237 newborns.10 In this
clinical trial, the systematic use of daily oral L. acidophilus and B.
infantis reduced the incidence of NEC and its associated mortality
compared to that in controls receiving placebo. Recently, a
double-blind study was done in 12 Italian neonatal intensive care
units. Newborn infants with a gestational age <33 weeks or birth
weight <1500 g were randomized to receive either a placebo or L.
GG in a dose of 6×109 CFU once a day starting with the first feed.4

Among the 585 patients studied who received 7 days of L. GG
supplementation, NEC was found less frequently in the probiotic
group (1.4%) compared to placebo controls (2.7%). However,
these differences were not significant. Samanta et al.11 reported
that enteral administration of prophylactic probiotics (containing
B. infantis, B. bifidus, B. lactis and L. acidophilus about 2.5×109

CFU/day) in neonatal intensive care settings could significantly
reduce the incidence of NEC (5 of 91 in the probiotics group v. 15
of 95 in the control group) in very low birth weight newborns who
weighed <1500 g. An updated meta-analysis12 of probiotics for
preventing NEC included 11 clinical trials (n=2176), including 4
new trials (n=783). The risk for NEC and death was significantly
lower and the data showed 30% reduction in the incidence of NEC
(α=0.05 and 0.01; power 80%). The risk for sepsis did not differ
significantly. The two editorials published in Pediatrics: one for13

and one against14 cited reasons why using meta-analysis data was
a good idea and why it was not a good idea to incorporate
probiotics into routine care for premature infants. The effect of
probiotics on prophylaxis of NEC in premature infants is amazing,
but we should develop and test the right probiotic preparation for
this fragile population. Based on a review of the literature, it is
suggested that premature infants <1500 g birth body weight, from
27 to 37 weeks in gestational age should receive prophylaxis
against NEC using probiotics in the dose range from 1×108 to
6×109 CFU/day with a daily intake for 17 days to 6 weeks. The
common probiotic strains used in the studies referred to above
included B. breve, B. infantis, B. bifidus, B. lactis, B. longum, L.
GG, L. acidophilus, L. casei, Streptococcus thermophilus and
Saccharomyces boulardii. The possible mechanisms of action of
probiotics that prevent the occurrence of NEC in high risk
premature neonates may be associated with reduced bacterial
translocation, amelioration of intestinal epithelial barrier defects
and decreased apoptosis in the face of exogenous stressors.15

INFANTILE COLIC
Recently, Savino et al.16 compared the use of L. reuteri with
simethicone in the treatment of infantile colic. A total of 108 CFUs
of probiotics v. 60 mg of simethicone were administered daily to
41 breast-fed infants who met the clinical criteria for infantile
colic. Beneficial effects were first noticed in the probiotic group
within 24 hours, and by 28 days, the average crying time was
reduced by 65% in the probiotic group. In addition, 95% of all
infants who received probiotics responded positively compared
with only 7% of positive responders in the simethicone group. In
this study, L. reuteri improved colicky symptoms in breast-fed
infants within 1 week of treatment, compared with simethicone.

PREVENTION OF DIARRHOEA OR GASTROINTESTINAL
INFECTIONS
A multicentre, randomized controlled trial17 was conducted to
survey the efficacy of a formula supplemented with B. lactis Bb12
in the prevention of acute diarrhoea in infants living in daycare

centres. Ninety healthy children <8 months old received either the
Bb12-supplemented formula (at least 108 CFU of B. lactis Bb12
per day) or a standard formula daily during their stay at the daycare
centre. The significant difference was the mean (SD) number of
days with diarrhoea—1.15 (2.5) days (Bb12 group) v. 2.3 (4.5)
days (control group; p=0.0002). However, B. lactis Bb12 did not
reduce the prevalence of diarrhoea significantly when compared
with that in controls (28.3% v. 38.7%).

Another clinical trial was conducted in Israel,18 and two
different probiotics, 1×107 CFU/g of either B. lactis Bb12 or L.
reuteri, were supplemented in formula and compared. This study
enrolled 181 infants (between 4 and 10 months old) and randomized
them to receive either the probiotics formula or a standard formula
as placebo for 3 months. Both probiotics performed better than
placebo in terms of the mean (SD) number of episodes of diarrhoea
(0.31 [0.14] v. 0.13 [0.08] for Bb12 and 0.02 [0.01] for L. reuteri,
p<0.001) and the number of days with diarrhoea (0.59 [0.2] v.
0.37 [0.11] for Bb12 and 0.15 [0.10] for L. reuteri, p<0.001).

Hojsak et al.19 published the results of a randomized, double-
blind, placebo-controlled trial with an enrollment of 742
hospitalized children (between 13 and 86 months old). The
children randomly received probiotics L.GG at a dose of 109 CFU
in 100 ml of a fermented milk product per day or placebo during
the 3-month intervention period. The findings suggested that L.
GG administration can be recommended as a valid supplement for
decreasing the risk for nosocomial gastrointestinal tract infections
in paediatric patients.

In a community-based clinical trial, children 1–3 years of age
were randomly allocated to receive either control or 1.9×107 CFU/
day of probiotic B. lactis HN019. Children were followed up for
1 year. The results suggest that milk can be a good medium for
delivery of probiotics and resulted in significant reduction of
dysentery (gastrointestinal tract infections), respiratory infection
and febrile illness.20 It has been suggested that B. lactis, L. reuteri
and L. GG can reduce gastrointestinal tract infections.

PREVENTION OF ANTIBIOTIC-ASSOCIATED DIARRHOEA
There are more than 400 species of bacteria which inhabit the
intestines of humans and a balance of these microbes is important
for normal gastrointestinal function. Antibiotics disturb the natural
balance of ‘good’ and ‘bad’ bacteria in the intestine and cause
harmful effects; the symptoms may include frequent watery
bowel movements and crampy abdominal pain, which is referred
to as AAD.

A Cochrane meta-analysis21 included 10 randomized controlled
trials done in children with AAD. These trials included 1015
treated and 971 control children, who ranged in age from 1 month
to 15 years. The antibiotic usage in all trials was 5–15 days of oral
antibiotics, and the probiotics used included Bifidobacterium
spp., Lactobacilli spp. (particularly L. GG), Streptococcus spp.,
or Saccharomyces boulardii.

The overall pooled results using a per protocol analysis showed
that the use of probiotics produced a statistically significant reduction
in the incidence of AAD from 37.5% to 8.9% (RR 0.49; 95% CI
0.32–0.74; random effects). Of the 10 trials, 5 monitored for
adverse events (n=647) and none reported a serious adverse event.
This systematic review suggested that the use of L. GG or
Saccharomyces boulardii in a dose of 5–40 billion CFU/day appears
to hold promise as an option for co-administration with antibiotics.

TREATMENT OF INFECTIOUS DIARRHOEA
Several clinical trials have tested the ability of probiotics to inhibit
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infectious diarrhoea and promote recovery from its symptoms.
The majority of clinical trials that investigate the use of probiotics
in children have focused on the capacity of probiotics to improve
the management of diarrhoea by either shortening its duration or
reducing its complications. We reviewed a large number of
published clinical trials, many of which were randomized and
controlled (Table I).

Saavedra et al. reported that feeding an infant formula with
Streptococcus thermophilus and B. bifidum can reduce the
incidence of diarrhoea and shedding of rotavirus in infants.35

Another study suggested that children who receive a bifidobacteria-
supplemented milk-based formula may be protected against
symptomatic rotavirus infection.36

Shornikova et al.37 found that L. reuteri is effective in acute
rotavirus diarrhoea in children. The mean (SD) duration of watery
diarrhoea after treatment was 1.7 (1.6) days in the L. reuteri group
and 2.9 (2.3) days in the placebo group (p=0.07). On the second
day of treatment, only 26% of patients who received L. reuteri
had watery diarrhoea compared with 81% of those who received
the placebo (p=0.0005).

Lyophilized heat-killed L. acidophilus LB was added to an oral
rehydration solution that was administrated in the treatment of
children with acute diarrhoea and mild-to-moderate dehydration.
After 24 hours of treatment, the number of rotavirus-positive
children with watery stools was significantly lower (p=0.012) in
the L. acidophilus LB treated group. The mean duration of
diarrhoea was decreased (p=0.034) with L. acidophilus LB (43.4
hours) v. placebo (57 hours).38 Rosenfeldt et al.24 reported that two
probiotics—L. rhamnosus and L. reuteri—ameliorated acute
diarrhoea in hospitalized children and reduced the period of
rotavirus excretion. Oral bacteriotherapy with probiotics was also
associated with a reduced length of hospital stay.36 These studies
suggest that oral bacterial therapy may play a role in promoting
recovery from acute diarrhoea in children.

In a recent double-blind, randomized controlled trial,32 children
(n=304) aged 3 months to 6 years, who were hospitalized for acute
diarrhoea, were randomized to receive Bio-three (a mixture of
Bacillus mesentericus, Enterococcus faecalis and Clostridium
butyricum) or placebo orally 3 times daily for 7 days.

The mean duration of diarrhoea after the start of therapy was
60.1 hours in the probiotics group v. 86.3 hours in the placebo
group (p=0.003). Hospital stay was shorter in the probiotics group
than in the placebo group (p=0.009). Counts of Bifidobacteria
and Lactobacillus species were elevated in stool cultures from the
probiotics (Bio-three) group. The probiotics mixture reduced the
severity of diarrhoea and the length of hospital stay in children
with acute diarrhoea. In addition to restoring beneficial intestinal
flora, probiotics may enhance host protective immunity, such as
down-regulation of pro-inflammatory cytokines and up-regulation
of anti-inflammatory cytokines.32

In another randomized controlled trial,39 children were
distributed equally between the L. GG and placebo groups (105
each). The median age of the 210 enrolled children (85 girls) was
12 months (range 2–30 months). The groups were comparable at
presentation, except children in the L. GG group had a lower
median duration of diarrhoea (1 day compared with 2 days) and
the L. GG group had fewer children with particulate material in the
stool. There was neither a difference in the primary and secondary
end-points nor between the Z score upon enrollment or at 6 weeks
of follow up between the L. GG and placebo groups.

In an updated Cochrane meta-analysis40 that was published in
2009, the mean duration of diarrhoea was reported in 12 studies,

which were all done in infants and children. It was reduced by
29.20 hours in those taking probiotics (95% CI 25.14–33.25,
fixed effect model; 30.48 hours, 95% CI 18.51–42.46, random
effects model, chi-square=76.51, df=11, p<0.00001). In the
subgroups and in the studies on live L. casei GG, one study
demonstrated a particularly dramatic effect with a long mean
duration of diarrhoea in the control group. These data were
recorded by mothers at home rather than by health staff, which
may account for the difference.

Besides, persistent diarrhoea (>14 days) accounts for one-third
of all diarrhoea-related deaths in developing countries in some
studies. A meta-analysis of 4 clinical trials showed that probiotics
reduced the duration of persistent diarrhoea (mean difference
4.02 days, 95% CI 4.61–3.43 days, n=324, 2 trials). Stool frequency
was reduced with probiotics in 2 trials. No adverse events were
reported.41

In the developed world, children with acute infectious diarrhoea
will have only mild-to-moderate fluid loss, and deaths caused by
diarrhoea-related illness are rare. In contrast, malnutrition and co-
existing disease may delay recovery and put children with persistent
diarrhoea at higher risk in the developing world.42 Inadequate
provision of safe drinking water, sanitation and hygiene may
highlight the risk to mortality in diarrhoea.

Nearly all studies reported that probiotics reduced the duration
of diarrhoea by around 25 hours, and reduced stool frequency
compared with that in controls, especially clinical trials in the
developed world. Although the risk of diarrhoea lasting >4 days
may decrease in people who received probiotics, the risk of
diarrhoea of >3 days’ duration was also significantly reduced,
which is of relevance to developing countries where persistence
of diarrhoea in already malnourished and dehydrated children
carries substantial risks of mortality.

One clinical trial43 from the developing world reported that L.
GG prophylaxis was associated with a decreased incidence of
diarrhoea in non-breastfed children, and the potential benefits of
L. GG for treatment of diarrhoea may extend to prevention of
diarrhoea in some developing country populations, especially
non-breastfed children in areas where viral pathogens are common.
A review of the published literature on infectious diarrhoea
suggests that most probiotic strains are helpful in decreasing the
duration of diarrhoea (Table I), especially in virus-related diarrhoea.
L.GG, L. paracasei, L. acidophilus, L. rhamnosus, B. longum, B.
infantis, B. bifidum and Saccharomyces boulardii have been used
in clinical trials in the developing world (sometimes with oral
rehydration solution) and have shown a reduction in the number
of episodes and duration of diarrhoea. These results seem
encouraging but more research is needed to identify exactly which
probiotics should be used for which groups of people, and also to
assess the cost-effectiveness of the treatment.

CONSTIPATION
Constipation is a common paediatric disorder with a prevalence
of approximately 7% to 30%. Only half the children with
constipation are successfully treated with laxatives, and the majority
of them need long term therapy. In a systematic review of
randomized controlled trials which were published in 2010,44 a
total of 377 participants (194 in the probiotics group and 183 in
the control group) were enrolled. There were 111 children in two
clinical trials, and L. casei rhamnosus Lcr35, but not L. rhamnosus
GG, showed a beneficial effect. Bu et al.45 treated children with
a probiotic (n=18) and a placebo (n=9) and showed an increase in
successful treatment, defined as >3 spontaneous defaecations per
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week with no episodes of faecal soiling (14/18 v. 1/9, respectively,
RR 7, 95% CI 1.1–45), an increase in the defaecation frequency
(0.57 [0.17] v. 0.37 [0.10] times/day, respectively) and a decrease
in the percentage of hard stools in the total number of defaecations
(22.4 [14.7] v. 75.5 [6.1], respectively). However, the sample size
was too small. L. rhamnosus GG, when dosed as in Banaszkiewicz
and Szajewska’s study,46 was not an effective adjunct to lactulose
in treating constipation in children.

In a double-blind clinical trial47 that included 44 infants who
were at least 6 months old with a diagnosis of chronic constipation,
those treated with L. reuteri (DSM 17938) had a significantly
higher frequency of defaecation than those treated with placebo at
week 2 of treatment (p=0.042), at week 4 of treatment (p=0.008),

and at week 8 of treatment (p=0.027). There was no significant
difference between the L. reuteri and placebo groups in terms of
stool consistency and episodes of inconsolable crying. Bekkali et
al.48 enrolled children aged 4–16 years with constipation as
defined by the Rome III criteria. During a 4-week period, they
were given a daily mix of 4×109 CFU of a probiotic mixture
(Ecologic(R)Relief) that contained B. bifidum, B. infantis, B.
longum, L. casei, L. plantarum and L. rhamnosus. They found
that a mixture of probiotics had resulted in an increase in frequency
of bowel movements and a decrease in abdominal pain.48 However,
a limited number of studies have been published about the effects
of probiotics on constipation in children, and evidence to
recommend the routine use of probiotics in children who are

TABLE I. Some representative clinical trials on the effect of probiotics on childhood diarrhoea in the past 10 years

Author (year) Probiotics tested Results

Guandalini et al.22 Lactobacillus (L.) GG, at least 1010 CFU/250 ml Shorter mean (SD) duration of diarrhoea in rotavirus-positive
(2000) in ORS for 4–6 hours, age: 1–36 months children, 58.3 (27.6) v.71.9 (35.8) hours, shorter hospital stay

Szajewska et al.23 L. GG, 6×109 CFU twice daily for the entire duration Reduced the risk of nosocomial rotavirus gastroenteritis,
(2001) of their hospital stay (9 [4] days), age: 1–36 months 1/45 (2.2%) v. 6/36 (16.7%)

Rosenfeldt et al.24 L. rhamnosus+L. reuturi, 1010 CFU of each strain Shorter mean (SD) duration of acute diarrhoea (virus or bacteria),
(2002) twice daily for 5 days, age: 6–36 months 81.5 (37.3) v. 101.1 (47.6) hours; shorter hospital stay

1.6 (1.0) v. 2.7 (2.0) days

Gaon et al.25 L. casei and L. acidophilus or S. boulardii 1010–1012 Useful in the management of persistent diarrhoea in children,
(2003) CFU per g, twice a day for 5 days, age: 6–24 months significantly reduced the number of depositions (p<0.001) and

duration of diarrhoea (p<0.005)

Salazar-Lindo et al.26 L. GG, a milk formula containing 109 CFU/ml, (acute diarrhoea), No significant differences were found in the duration
(2004) age: 3–36 months of acute diarrhoea (58.5 hours with L. GG v. 50.4 hours with placebo)

Sarker et al.27 L. paracasei strain ST11 1010 CFU daily for 5 days, No effect on severe rotavirus diarrhoea. Significantly reduce mean (SD)
(2005) age: 4–24 months cumulative stool output: 225 (218) v. 381 (240) ml/kg); stool frequency:

27.9 (17) v. 42.5 (26) and ORS intake: 180 (207) v. 331 (236) ml/kg
in children with less-severe non-rotavirus diarrhoea

Vivatvakin et al.28 L. acidophilus+Bifidobacterium (B.) infantis 3×109 Shortened the duration of acute diarrhoea 1.6 (0.7) v. 2.9 (1.7) days,
(2006) CFU twice daily for 2 days, ORS, age: 1–36 months p<0.01 compared to controls

Canani et al.29 L. rhamnosus GG (6×109 CFU twice daily), Bacillus Shortened duration of acute diarrhoea [78.5 hours (56.5–104.5) in
(2007) clausii (109 CFU twice daily), Saccharomyces  (S.) L. rhamnosus GG, and 70.0 hour (49–101) in 4 strains v. 115.5 hours

boulardii (5×109 micro-organisms twice daily), (95.2–127) in ORS control; the other probiotic preparations had no
Mix 4 strains: L. delbrueckii, L. acidophilus, effect on duration of diarrhoea
S. thermophilus, B. bifidum (109 CFU each strain
twice daily), ORS control, age: 3–36 months

Dubey et al.30 VSL#3 (mix 8 strains), <5 kg=1.8×1010 CFU/day, Use of VSL #3 in acute rotavirus diarrhoea resulted in earlier recovery
(2008) 5 to 10 kg=3.6×1010 CFU/day, for 4 days, and reduced frequency of ORS administration reflecting decreased stool

age: 6–24 months volume losses during diarrhoea

Basu et al.31 ORS +1010 or 1012 CFU of L. GG twice daily for In patients with acute diarrhoea, both doses of L. GG (1010 or 1012 CFU)
(2009) 7 days, mean age: 1.58 (0.60) year were equally effective in decreasing the frequency and duration of

diarrhoea (5.02 [1.32] days, 5.12 [1.16] days v. 7.23 [1.27] days in
controls); requirement for intravenous therapy and hospital stay were
significantly lower

Chen et al.32 Bio-three (a 3 strains mixture of B. mesentericus, In patients with acute diarrhoea it reduces frequency and duration of
(2010) Enterococcus (E.) faecalis and Clostridium (C.) diarrhoea (60.1 [31.7] hours v. 86.3 [37.6] hours) and length of hospital

butyricum), 2.5×107 CFU/kg/day for 7 days, stay, decreases pro-inflammatory cytokines, upregulates anti-
age: 3 months to 6 years inflammatory cytokines

Rerksuppaphol L. acidophilus and B. bifidum (infloran) 109 CFU In patients with acute diarrhoea, infloran shortened the duration of
et al.33* (2010) 3 times daily for 5 days, age: 2 months to 7 years diarrhoea (34.1 and 34.8 hours when stored either at 4 oC or at room

temperature v. 58 hours with placebo)

Grandy et al.34 ORS+S. boulardii 4×1010 cells or compound In patients with acute diarrhoea, the mean duration of diarrhoea was
(2010) (L. acidophilus, L. rhamnosus, B. longum and shorter (58 hours in S. boulardii and 60 hours in compound (4 strains)

S. boulardii) 1.25×108 cells, twice daily for 5 days, v. 84.5 hours in control
age: 1–23 months

CFU colony forming units  ORS oral rehydration solution
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affected by chronic constipation is lacking. Large, randomized
controlled trials are needed to evaluate the effect of specific
probiotic strain(s) on the treatment of constipation.44

LACTOSE INTOLERANCE
Probiotic bacteria normally contribute to lactose digestion in the
small intestine. Several studies have shown better lactose digestion
and less hydrogen production in patients with lactose intolerance
who consumed milk containing probiotics.49,50

In a human study that investigated lactose maldigesters, non-
fermented milk containing L. bulgaricus 449 at 108 and 109 CFU/
ml was effective in reducing breath hydrogen and symptoms such
as stomach pain, gas and diarrhoea.51 In another study, 15 lactose
malabsorbers were studied to evaluate the effects of consumption
of milk containing different strains of probiotics on lactose digestion.
Consumption of milk containing B. longum B6 (400 ml of milk
contained 5×108 CFU/ml of B. longum) grown with lactose resulted
in significantly less hydrogen production and flatulence than
occurring after consumption of control milk or milk containing B6
grown with both lactose and glucose. The results suggest that milk
containing B. longum might reduce breath hydrogen response and
symptoms from lactose malabsorption.52

Several reasons have been proposed to explain these effects.
First, lactose digestion is improved by bacteria if their intracellular
beta-galactosidase is released after destruction of the bacterial
cell wall. Second, the presence of bacteria prolongs the action of
residual beta-galactosidase in the small intestine and decreases
the osmotic load of lactose while delaying gastric emptying and
slowing intestinal transit.53,54 Furthermore, short term and long
term ingestion of lactose and bacteria in fermented milk products
may affect the intestinal pH, the gut resident flora or the sensitivity
of the individual to gastrointestinal disorders.55

INFLAMMATORY BOWEL DISEASE
Inflammatory bowel disease (IBD), e.g. Crohn disease (CD) and
ulcerative colitis (UC), is characterized by periodic remissions
and relapses. The pathogenesis of IBD is likely multifactorial—
genetic susceptibility, environmental factors (e.g. microflora) and
an aberrant host immune response. In patients with IBD, the
intestinal mucosal barrier might be defective as a result of
inflammation, ulceration or an inherent abnormality in mucosal
permeability.56 Luminal flora appear to be necessary for chronic
inflammation of IBD since experimental animal models do not
develop chronic inflammation in the absence of intestinal flora,
e.g. in a germ-free state.

Fujimori et al. gave 10 patients with active CD who had not
undergone surgery (mean [SD] age was 27 [7] years) high dose
probiotics (B. breve, 30×109 CFU daily; L. casei, 30×109 CFU
daily; and B. longum, 15×109 CFU daily) with an additional 7.9
(3.6) g daily psyllium dose. They found this to be safe and
effective for the treatment of active CD. The mean (SD) duration
of treatment was 13 (4.5) months. Seven patients had improved
clinical symptoms following combined probiotic and prebiotic
therapy.57 In another trial that enrolled 75 children (age range 5–
21 years) with CD in remission were randomized to either L. GG
2×1010 CFU daily (n=39) or placebo (n=36) and followed for up
to 2 years. Twelve patients (31%) in the L. GG group developed
a relapse compared with 6 (17%) in the placebo group (p=0.18).
L. GG does not prolong the time to relapse in children with CD.58

Thirty-two patients aged 23–49 years with CD in clinical remission
(CDAI <150) were randomized to receive either mesalamine 1 g
three times a day or mesalamine 1 g two times a day along with a

preparation of Saccharomyces boulardii 1 g daily for 6 months.
The study suggested that S. boulardii may be useful in the
maintenance treatment of CD (relapse rate 6.25% v. 37.5%).59

Probiotics including B. breve, L. casei and B. longum can be
given for treating active CD, and the other strains such as L. GG
or S. boulardii can be used for maintenance of remission. However,
there is not enough evidence to suggest that probiotics are beneficial
for the maintenance of remission in CD. All the studies enrolled
small numbers of patients and may have lacked statistical power
to show differences.60

Tursi et al. reported a clinical trial in patients with UC. A total
of 144 consecutive patients were randomized to receive for 8
weeks VSL#3 at a dose of 3600 billion CFU/day (n=71) or
placebo (n=73). The decrease in ulcerative colitis disease activity
index (UCDAI) scores of 50% or more was higher in the VSL#3
group than in the placebo group (63.1 v. 40.8; per protocol
p=0.010, 95% CI 0.51–0.74). VSL#3 also decreased rectal bleeding
and seemed to re-induce remission in relapsing UC patients after
8 weeks of treatment.61 In another double-blind clinical trial, 90
patients with moderate distal activity in UC were randomly
assigned to treatment with either 40, 20 or 10 ml enemas (n=24,
23 and 23, respectively) containing 108 Escherichia coli Nissle
1917 (EcN)/ml or placebo (n=20). After 2, 4 and/or 8 weeks the
clinical DAI was assessed together with tolerance to treatment.
Patients who reached clinical DAI<2 within that time were
regarded as responders. Time to remission was shortest with EcN
40 ml followed by EcN 20 ml. The efficacy of rectal EcN
application was significant in per protocol analysis and suggests
that EcN is a well tolerated treatment alternative in moderate
distal UC.62 Miele et al. did a randomized, placebo-controlled trial
in children to assess the role of a highly concentrated mixture of
probiotic bacterial strains (VSL#3). They randomized 29
consecutive patients (mean age 9.8 years; range 1.7–16.1 years;
female/male: 13/16) with newly diagnosed UC to receive either
VSL#3 (weight-based dose, range: 450–1800 billion bacteria/
day; n=14) or an identical placebo (n=15) in conjunction with
concomitant steroid induction and mesalamine maintenance
treatment. All 29 patients responded to IBD induction therapy.
Remission was achieved in 13 patients (92.8%) treated with
VSL#3 and IBD therapy and in 4 patients (36.4%) treated with
placebo and IBD therapy (p<0.001). At 6 months, 12 months or at
the time of relapse, endoscopic and histological scores were
significantly lower in the VSL#3 group than in the placebo
group.63 Although some clinical trials suggest that probiotics may
provide benefits in treating ulcerative colitis, and recommend
VSL#3 or E. coli Nissle 1917, there is limited evidence that
probiotics added to standard therapy may provide modest benefits
in terms of reduction of disease activity in patients with mild-to-
moderately severe UC. Whether probiotics are as effective in
patients with severe and more extensive disease and whether they
can be used as an alternative to existing therapies is unknown.
Further well designed, larger randomized controlled trials are
needed to determine whether probiotics can be used as an alternative
to the current treatment modalities.64

IRRITABLE BOWEL SYNDROME AND FUNCTIONAL
ABDOMINAL PAIN
Irritable bowel syndrome (IBS) is a chronic functional disorder
that is associated with abdominal pain or discomfort and alteration
in bowel movement (frequency, form or soiling). Although IBS is
not life-threatening, the symptoms could have a profound effect
on the patient’s emotional health and quality of life.
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Martens et al.65 reported the results of a study in 203 children
(66 boys and 137 girls) between 4 and 18 years of age (mean [SD]
age 10.5 [0.5] years) with IBS who had symptoms of abdominal
pain and either predominant diarrhoea, constipation, alternating
stool frequency or non-specific pain. The main symptoms
(abdominal pain and stool frequency) as well as the other symptoms
(bloating, mucous and blood in stool, need to strain during
defaecation and urge to defaecate) improved significantly during
treatment which consisted of a daily dose of 10 drops of Symbioflor
2 (SF2; symbioPharm, herborn) with both living and non-living E.
coli bacteria cells and autolysate of 1.5–4.5×107 CFU). The global
assessment of therapy by parents and doctors was altogether
positive.

Gawronska et al.66 reported a randomized controlled trial that
included 104 children who fulfilled the Rome II criteria (functional
dyspepsia [FD], IBS or functional abdominal pain [FAP]). Fifty-
two children were randomly allocated to receive L. GG capsules
for 4 weeks, and 52 children were assigned to a control group who
received placebo capsules for the same duration. At the end of the
intervention period, 25% children in the intervention group reported
having no pain compared to 9.6% in the placebo group (OR 3.1;
95% CI 1.03–9.56). Overall, the study reported that 25 children in
the intervention arm improved compared with 23 in the control
arm (OR 1.17; 95% CI 0.62–2.21). No other significant differences
in outcome measures were reported.

Bausserman et al.67 enrolled 64 children with a diagnosis of
IBS based on the Rome II criteria. Participants were randomized
to receive a capsule containing either L. GG or an inert placebo
twice daily for a period of 6 weeks. They reported that 10% of 25
children in the placebo arm and 11% of 25 in the intervention arm

improved during the study. Another clinical trial68 of 59 children
aged between 4 and 18 years found VSL#3 to be significantly
superior to placebo in the subjective assessment of relief of IBS
symptoms using a questionnaire. VSL#3 also reduced abdominal
pain/discomfort (p<0.05) and abdominal bloating/gassiness
(p<0.05) compared with placebo.

The efficacy of probiotics may depend on which bacterial
strains are used. For example, the effects of probiotics will last
about 4 weeks after discontinuation of B. infantis 35624, and
about 2 weeks after discontinuation of L. salivarius UCC4331.69

Stool cultures have shown that probiotics given to patients with
IBS survive the gastrointestinal transit suggesting that the bacteria
had colonized the gut. To decrease the symptoms of patients
with IBS, B. infantis, L. GG, VSL #3 and L. salivarius have been
shown to be useful in recent studies.

FUTURE DEVELOPMENTS
Probiotics offer a broad range of potential health benefits and can
help stabilize the intestinal microbial environment and the
intestine’s permeability barrier and help modulate the protective
systemic and mucosal immune responses. There are in vivo data
to support that probiotics provide health benefits. Physicians need
to pay close attention to which microorganisms or preparations
are used in a particular study. Table II lists the probiotics that are
commonly used in paediatric diseases. However, large clinical
trials are required and further studies are needed to determine the
mechanism(s) and clinical benefits of probiotics on the
gastrointestinal tract. With additional multicentre clinical trial
confirmations, probiotics may become more popular in the care of
infants, children and perhaps even adults.

TABLE II. Probiotics (generic name) that are commonly used in paediatric diseases

Generic name of probiotics Disease in which found useful

Lactobacillus acidophilus Diarrhoea, NEC, IBS, radiation enteritis 
Lactobacillus casei Diarrhoea, constipation, NEC, antibiotic-associated diarrhoea
Lactobacillus rhamnosus GG Diarrhoea, antibiotic-associated diarrhoea, NEC, sepsis in very

low birth-weight infants, IBS, Crohn disease
Lactobacillus reuteri Diarrhoea, infantile colic, constipation
Lactobacillus plantarum Antibiotic-associated diarrhoea, IBS
Lactococcus lactis Crohn disease
Bifidobacterium infantis IBS, NEC
Bifidobacterium animalis IBS
Bifidobacterium longum NEC
Bifidobacterium lactis Diarrhoea, NEC
Streptococcus thermophilus Diarrhoea, antibiotic-associated diarrhoea, NEC
E. coli Nissle Crohn disease, ulcerative colitis
Saccharomyces boulardii Diarrhoea, antibiotic-associated diarrhoea, Clostridium

difficile infection, Crohn disease, NEC
VSL#3 (Lactobacillus casei, Lactobacillus plantarum, Lactobacillus acidophilus, Diarrhoea, IBS, pouchitis, ulcerative colitis, radiation enteritis
Lactobacillus bulgaricus, Bifidobacterium longum, Bifidobacterium breve,
Bifidobacterium infantis, Streptococcus thermophilus)
Bio-three (Bacillus mesentericus, Enterococcus faecalis, Clostridium butyricum) Diarrhoea, ulcerative colitis
Infloram (Lactobacillus acidophilus, Bifidobacterium bifidum) NEC
Ecologic (R) Relief (Bifidobacterium bifidum, Bifidobacterium infantis, Constipation
Bifidobacterium longum, Lactobacillus casei, Lactobacillus plantarum and
Lactobacillus rhamnosus)
NEC necrotizing enterocolitis IBS irritable bowel syndrome
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CONCLUSION
The results from published studies are difficult to compare because
of variations in design, probiotics strains used, doses administered
and formulation. The heterogeneity in most meta-analysis and
systematic reviews is a major problem. There is lack of clarity on
the probiotic dose and duration of treatment and most importantly
there is paucity of data from high background mortality areas
where breastfeeding rates and gut colonization are very different
from those in western patients. However, probiotics are being
used for several clinical conditions.

Another important issue is that the results of use of a probiotic
may be different in the developing and the developed world. For
example, in the developing world it is important to provide
adequate hydration and nutrient supplement in dehydrated and
malnourished children with acute diarrhoea. Malnutrition, poor
hygiene, inadequate provision of sanitation and lack of safe
drinking water are common in the developing world. Oral
rehydration solutions containing zinc or probiotics are an advanced
method to provide fluid supplement and functional nutrients to
children. There is an urgent need to improve the quality of clinical
trials to evaluate the safety and efficacy of specific probiotics
before definitive recommendations can be made.
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