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Abstract Probiotics have been successfully used for the
treatment of acute diarrhea in children and this effect
depends on the strains and dose. The aim of this study was
to assess the effect of a synbiotic mixture on the duration of
diarrhea and the length of hospital stay in children with
acute watery diarrhea. This is a prospective randomized,
multicenter single blinded clinical trial in hospitalized chil-
dren with acute watery diarrhea. All children were treated
with conventional hydration therapy with or without a daily
dose of a synbiotic (2.5%10° CFU live bacteria including
Lactobacillus acidophilus, Lactobacillus rhamnosus,
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Bifidobacterium bifidum, Bifidobacterium longum, Entero-
coccus faecium, and 625 mg fructooligosaccharide) for
5 days. The primary endpoint was duration of diarrhea and
duration of hospitalization was the secondary endpoint.
Among 209 eligible children, 113 received the synbiotic
mixture and 96 served as a control. The duration of diarrhea
was significantly shorter (~36 h) in children receiving the
synbiotic group than the controls (77.9+£30.5 vs. 114.6+
37.4 h, p<0.0001). The duration of hospitalization was
shorter in children receiving the synbiotic group (4.94+1.7
vs. 5.77+1.97 days, p=0.002). The effect of synbiotic

O. Metin-Timur * G. Tanir

Pediatric Infectious Disease Unit, Dr. Sami Ulus Research and
Training Hospital of Women’s and Children’s Health and Diseases,
Ankara, Turkey

M. Sancar
Clinical Pharmacy Department, Faculty of Pharmacy,
Marmara University, Istanbul, Turkey

Z. Kurugol
Department of Pediatrics, Faculty of Medicine, Ege University,
Izmir, Turkey

M. Eren
Department of Pediatric Gastroenterology and Hepatology, Faculty
of Medicine, Eskisehir Osmangazi University, Eskisehir, Turkey

Y. Vandenplas
Department of Pediatrics, UZ Brussel, Vrije Universiteit Brussel,
Brussels, Belgium

@ Springer



460

Eur J Pediatr (2013) 172:459-464

mixture on diarrhea started after 24th hours and stool fre-
quency significantly decreased after 24th and 48th hours.
The percentage of diarrhea-free children is significantly
higher in synbiotic group at 48th and 72nd hours of syn-
biotic group. In conclusion, this study showed a reduction in
diarrhea duration by approximately 36 h and a reduction in
the duration of hospitalization with approximately 1 day in
children with acute diarrhea with this synbiotic mixture.

Keywords Synbiotic - Probiotic - Diarrhea -
Hospitalization - Children

Introduction

Diarrhea is defined as a change in bowel movements with an
increase in water content, volume, and usually frequency of
stools and is mainly due to an infectious cause. Despite
improvements in public health and economic wealth, acute
diarrhea continues to be a leading cause of morbidity, hospital-
ization, and mortality worldwide [8, 14]. Among children
living in developed countries, diarrheal illnesses are usually
caused by viruses and may result in hospitalization and in-
creased health care costs [5, 14]. Measures to prevent diarrhea
include breastfeeding, hand washing, careful personal/general
hygiene, clean food/water, and vaccination for enteric diseases
such as rotavirus [11].

The main method of therapy for all individuals with dehydra-
tion caused by diarrhea is oral or parental rehydration, which
consists of fluid and electrolyte replacement [5, 8, 11, 14]. But
the latter does not substantially shorten the frequency/duration of
diarrhea and has not been found to reduce stool volume, prompt-
ing a growing interest in adjunctive treatments [17]. Probiotics
have been proposed as a complementary therapy in the treatment
of acute diarrhea [6, 7, 10, 12, 17, 18]. A large number of
randomized controlled trials showed that some probiotic strains
exert antidiarrheal effects, particularly in children [10]. The most
widely evaluated outcomes are duration and severity of diarrhea
and duration of hospitalization [10]. Current evidence also
indicates that probiotic effects are strain-specific. Lactobacil-
lus GG, Saccharomyces boulardii, and Lactobacillus reuteri
are the best studied strains [6, 7, 10, 12].

In May 2008, the European Society for Pediatric Gastro-
enterology, Hepatology, and Nutrition and the European So-
ciety of Pediatric Infectious Diseases Expert Working Group
stated that only probiotic strains with proven clinical efficacy
and in appropriate dosage can be recommended as an adjunct
for the management in children with acute gastroenteritis to
rehydration therapy [11]. Probiotics have been successfully
used for the treatment of acute gastroenteritis in children and
adults. However, more research is needed to guide the use of
particular probiotic regimens and strains and as there is still no
evidence of efficacy for many preparations. The objective of
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this study was to assess the efficacy and safety of a synbiotic
mixture including Lactobacillus acidophilus, Lactobacillus
rhamnosus, Bifidobacterium bifidum, Bifidobacterium lon-
gum, Enterococcus faecium, and fructooligosaccharides as
an adjunct to rehydration therapy in the treatment of children
hospitalized because of acute watery diarrhea.

Methods

This was a multicenter, randomized, single blind, parallel
group, controlled, hospital-based clinical trial in children of
both sexes, aged between 3 and 120 months. Acute diarrhea
was defined as the presence of three or more liquid or loose
stools, as defined by Bristol criteria >type 6 per day [16].
Inclusion criteria were: an episode of mild to moderate acute
diarrhea (>4 (semi)watery stools/day according to Bristol
criteria (Bristol criteria >6)) of likely infectious origin in
infants and children since at least lasting more than 12 h and
less than 72 h, requiring hospitalization [16]. We enrolled

Assessed for
eligibility

Randomized

Allocated to Allocated to

synbioticgroup control group
n=128 n=128%

Excluded as
parent declined

Excluded as
parent declined
to participation to participation

n=9 n=21

Enrollment Enrollment

(n=119) (n=107)
> -
Antibiotitic Antibiotitic
prescription prascription

Loss of follow-up Loss of follow-up

Parentalrefusalto
continue

Parentalrefusalto
continue

n=6 n=11
Final analysis Final analysis
(n=113) (n=96)

Fig. 1 Flow chart of the study
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Table 1 Demographical, clinical findings, duration of diarrhea, and hospitalization in study groups
Synbiotic group (n=113) Control group (n=96) p

Age 13 months (3 months to 10 years) 15 months (3 months to 9 years) >0.05
Gender (girls/boys) 43 girls and 70 boys 50 girls and 46 boys >0.05
Mean duration of diarrhea before the intervention (hours) 32.4+11.5 29.8+14.5 >0.05
Duration of diarrhea (hours) 77.9+30.5 114.6+£37.4 <0.0001
Length of hospital stay (days) 4.94+1.7 5.77+1.97 0.002

Values are expressed as mean+SD
Bold p values indicated statistically significant results

children with clinical signs of mild to moderate dehydration
(prolonged capillary refill time, abnormal skin turgor, and
percentage loss of body weight). Dehydration was evaluated
on clinical grounds and estimated weight loss [16]. Patients
had to be mild and moderately dehydrated. Subjects with
clinical features of hypovolemic shock and/or necessitating
admission at the intensive care unit were excluded. Other
exclusion criteria were the use of antibiotics or probiotics
1 month before admission, severe malnutrition, vaccination
with rotavirus vaccine, and severity of chronic underlying
disease including immunocompromised conditions.

The principal investigator (ECD) site did not enroll children
and was blind to the treatment of the patients and their outcomes.
Children received conventional therapy (oral or intravenous
rehydration) with or without a daily dose of the synbiotic
(NBL Probiotic Gold). The primary endpoint was the duration
of diarrhea (in hours). Secondary outcome measures were dura-
tion of hospitalization (days), diarrhea at the 3rd day of interven-
tion, mean frequency of the daily stool, and diarrhea at the end of
therapy (5th day). Adverse events were also recorded.

Rehydration and electrolyte replacement were done using oral
rehydration salts (ORS) (glucose 20 g; sodium 90 mmol/L;
potassium 20 mmol/L; bicarbonate 30 mmol/L). NBL Probiotic
Gold® (Nobel, Turkey) includes 2.5% 10°CFU live bacteria per
single sachet including L. acidophilus, L. rhamnosus, B. bifidum,
B. longum, E. faecium, 625 mg fructooligosaccharide, and vita-
mins A, By, By, Bg, E, and C. On admission, children were
examined clinically, and the weight, fever, and degree of dehy-
dration were recorded. All children were randomly assigned
according to a computer-generated randomization list. One group
received ORS and/or intravenous therapy (control group), and
the second group received daily synbiotic sachet (synbiotic

group) in addition to ORS and/or intravenous therapy for 5 days.

The frequency and consistency of the stools were recorded.
The duration of diarrhea was defined as the time in hours from
admission until cessation of diarrhea which was defined as the
first normal stool according to Bristol score (a score <5 is
described as normalization of stool). Other recorded parame-
ters were the incidence on ongoing diarrhea after 3 days of
treatment (proportion of patients in each study group) and
length of hospitalization (time in days from admission until
discharge from hospital).

Statistical analysis

The sample size needed was calculated based on the mean
duration of diarrhea and standard deviation (SD) from previous
similar studies. With the assumption of mean difference on
duration of diarrhea for 1 day (24 h) between the treatment
and control group, we calculated that a sample of 64 children
for each group would be required for the study to have 80 %
power with a significance level=0.05 and sigma=2 (two-tailed
test). To investigate the subgroup analysis, we doubled the
sample size. Statistical analysis was performed using SPSS
16.0 software (SPSS Inc., Chicago, IL, USA). Variables were
tested for normal distribution and compared using the indepen-
dent # test, Mann—Whitney U test, and X2 or Fisher's exact tests,
as appropriate. Statistical significance was set at p<0.05. The
local ethical committee approved the study and written in-
formed consent was obtained from the parents of the children.

Results

We enrolled 256 patients: 15 children from the synbiotic
group and 32 children from the control group were excluded
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Fig. 2 Comparison of mean length of hospital stay in synbiotic and
control group
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Table 2 Mean frequency of stools per day in study groups

Synbiotic
group (n=113)

Control p
group (n=96)

At admission 6.94+3.6 6.78+1.8 0.685
24th hour 3.93+2.2 6.43+3.4 0.0001
48th hour 338 £1.6 4.65+3.61 0.0001
72nd hour 2.95+1.2 3.18+2.4 0.385
96th hour 2.18£1.6 2.64+2.3 0.064
120th hour 1.91£1.0 1.76+1.61 0.435

Values are expressed as mean+SD

Bold p values indicated statistically significant results

because of antibiotic prescription (post-randomization), pa-
rental refusal to continue the study, detection of underlying
disease during hospitalization, and lack of data after hospital
discharge (lack of parental compliance). In total, data from
209 children could be evaluated: 113 in the synbiotic and 96 in
the control group (Fig. 1). All recorded are normally distrib-
uted except the age of enrolled children. Gender and age
distribution were similar between the synbiotic and control
group (p=0.051 and p=0.711). Mean duration of diarrhea
before the intervention was similar between the synbiotic
and control groups (p>0.05; Table 1). The clinical character-
istics and severity of gastroenteritis did not differ between
treatment and control group. Mean number of stool frequency
during the 24 h prior to admission was 6.94+3.6 day ' in the
synbiotic group and was 6.78+1.8 day ' in control group (p=
0.699). The duration of diarrhea was significantly reduced in
the synbiotic group when compared to the control group
(mean+SD) (77.9+30.5 vs. 114.6+37.4 h, p<0.0001) (Ta-
ble 1). Mean length of hospital stay was shorter in the syn-
biotic group than the control group (4.94+1.7 vs. 5.77+
1.97 days, p=0.002) (Table 1 and Fig. 2).

The effect (diarrhea-free percentage of children) of the
synbiotic mixture was best observed at 48 and 72 h of the
synbiotic intervention (Table 2). At 72nd hours of the study,
45.2 % of the children receiving synbiotic still had watery
diarrhea while this was the case in 85.5 % of children in the
control group (RR 0.53; 95 % CI, 0.42-0.66; p<0.0001).

The mean frequency of daily stools during the 5 days of
intervention is summarized in Table 3. Mean frequency of

daily stools per day was significantly lower at 24 and 48 h
with the synbiotic intervention compared to the control
group (p<0.001 for both). At 72, 96, and 120 h, the mean
stool frequency per day was similar between both groups.
No adverse effects (rash, drug-related fever or nausea, etc.)
related to the synbiotic use were noted.

Discussion

Reduction of the duration of diarrhea and shortening of the
hospital stay are important aims in the treatment of acute
infectious diarrhea from medical, social, and economical
perspectives. ORS is the mainstay treatment of acute diar-
rhea for dehydration [11]. However, fluid and electrolyte
replacement does not substantially shorten the frequency/
duration of diarrhea [17]. In this study, the control group
received only rehydration while the intervention received
rehydration and synbiotic intervention once daily. The syn-
biotic mixture includes L. acidophilus, L. rhamnosus, B.
bifidum, B. longum, E. faecium, and fructooligosaccharides
(FOS). The synbiotic was shown to be effective and safe as
an adjunct to ORS in the treatment of acute infectious
diarrhea in children, reducing both the duration of diarrhea
as well as the length of hospitalization.

Current evidence indicates that some probiotic strains
reduce the duration and severity of diarrhea and duration
of hospitalization. However, these effects are strain-specific
and product-specific. Regarding the treatment of acute diar-
rhea in children, few agents, including Lactobacillus GG, S.
boulardii, and L. reuteri, have been shown to be effective in
the treatment of acute diarrhea [7, 10, 12]. Recently, probiotic
mixtures with different amounts and strains are commercial-
ized. Different probiotic mixtures or synbiotics have been
evaluated and showed contradictory results. Up to now, few
studies evaluated the efficacy of synbiotics, a mixture of pro-
biotics and prebiotics in the treatment of infectious diarrhea.
Berni-Canani et al. [2] compared different probiotic products
in a randomized controlled trial in children with acute diarrhea
and showed that the median duration of diarrhea was shorter
(~37 h, similar with our study) with a probiotic mixture of
Lactobacillus delbrueckii var bulgaricus, Streptoccoccus
thermophilus, L. acidophilus, and B. bifidum. Chen et al. [4]

Table 3 Percentage of children
with diarrhea in study groups

Synbiotic group (n=113)

24th hour 108/113 (95.5 %)
48th hour 82/113 (82.6 %)
72nd hour 51/113 (45.2 %)
96th hour 24/113 (21.3 %)
Bold p values indicated statisti- 120th hour 7/113 (6.2 %)

Control group (n=96) RR (CI 95 %) p

96/96 (100 %) 0.96 (0.92-1.00) >0.05
90/96 (93.7 %) 0.77 (0.68-0.88) <0.0001
82/96 (85.5 %) 0.53 (0.42—-0.66) <0.0001
36/96 (37.5 %) 0.57 (0.37-0.88) 0.01
28/96 (29.2 %) 0.21 (0.10-0.46) 0.001

cally significant results
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showed that with a mixture of Bacillus mesentericus, Entero-
coccus faecalis, and Clostridium butyricum, the mean dura-
tion of diarrhea was about 26 h shorter than placebo and also
hospital stay was shorter. Grandy et al. [9] also showed 24 h of
reduction in duration of diarrhea in children receiving pro-
biotic mixture including L. acidophilus, L. rhamnosus, B.
longum, and S. boulardii. Vandenplas and colleagues [16]
performed randomized, prospective placebo-controlled paral-
lel clinical trial in children with acute diarrhea using the syn-
biotic food supplement (Probiotical®: S. thermophilus, L.
rhamnosus, L. acidophilus, Bifidobacterium lactis, Bifidobac-
terium infantis, and fructooligosaccharides). They also found
that the median duration of diarrhea was 1 day shorter in the
synbiotic group, resulting in a decreased prescription of addi-
tional medication. In this study, we evaluated the effect of a
synbiotic mixture (NBL Probiotic Gold®) including L. acid-
ophilus, L. rhamnosus, B. bifidum, B. longum, and E. faecium.
We used single sachet per day including 2.5x10°CFU live
bacteria. This is the first study with this synbiotic mixture (a
sachet contains also FOS). Our study has some limitations.
First one, our study is an allocated randomized multicenter
prospective study, but not a placebo-controlled study. Also we
did not perform stool cultures. Stool cultures were not per-
formed, as is the case in many studies with probiotics [16].
According to the evidence-based guidelines of the European
Society of Pediatric Gastroenterology, Hepatology, and Nutri-
tion and the European Society of Infectious Disease, it is not
recommended [11]. At the time of enrollment, a high number
of children were excluded, especially in the control group,
which was mainly based on parental reasons. Nevertheless,
we enrolled more than the required 64 children in each group.
Our results are in line with a recent Cochrane analysis includ-
ing 56 trials in children [1]. The mean duration of diarrhea was
shortened in synbiotic group with approximately 36 h. The
effect started at 24th since the stool frequency was significant-
ly decreased at the 24th and 48th hours after starting the study.
More than 50 % of the children receiving synbiotic had
normal stool consistency (diarrhea-free) at 72 h of intervention
while this was the case in only 15 % of in control group.

The Cochrane review concluded that specific probiotics
can reduce the duration of diarrhea with about 24 h and that
stool frequency decreases on the 2nd day, as in our study
[1]. Mean length of hospital stay is shorter (approximately
20 h) in synbiotic group than the control group. Studies
using different probiotics showed also a 1-day reduction of
hospitalization. One-day reduction in the duration of diar-
rhea and/or hospitalization is of potential social and eco-
nomical benefits [6].

In our study period, this synbiotic formulation remained
safe and no adverse effects were reported. To the best of our
knowledge, there are no published reports about this syn-
biotic formulation on acute infectious diarrhea in children
and adults. This synbiotic formulation has been developed

with dual-coated technology. Another synbiotic formulation
with similar dual-coated technology (same formulation)
showed that dual-coated probiotics have stronger probiotic
effects when compared to uncoated formulation [3]. The
potential role of dual-coated technology in clinical settings,
which is not evaluated in our study, should be evaluated
with further research. These synbiotic products contain pre-
biotic oligosaccharides as well as 625 mg FOS. Nondiges-
tible carbohydrates were shown to not reduce the duration of
diarrhea, although a synbiotic may confer additional bene-
fits over a probiotic by increasing bifidobacteria levels [13,
15, 16]. The addition of a prebiotic may induce a theoretical
benefit to normalize more rapidly the gastrointestinal flora
composition of the host [16].

Our study showed that this mixture reduced the duration of
diarrhea (approximately 36 h) and reduced the duration of
hospitalization (approximately 20 h) in children with acute
diarrhea. These children were more likely to be diarrhea-free
at the first 48 h of synbiotic intervention and passed signifi-
cantly fewer stools. This probiotic mixture may be used in
children with acute diarrhea and mild to moderate dehydration.
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