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Abstract

Objective To investigate the efficacy of probiotics added to
oral rehydration solution and zinc in the treatment of acute
infectious diarrhea in Indonesian children.

Methods A prospective randomized double blind placebo-
controlled trial was performed to test the efficacy of a probi-
otic food supplement in 112 children in the Kenari subdistrict,
central Jakarta, aged 636 mo with acute infectious diarrhea
and moderate dehydration. The supplemented group was giv-
en standard therapy (oral rehydration solution and zinc) and
the probiotic strains Lactobacillus (L.) rhamnosus R0011
1.9x10° colony forming units (cfu) and L. acidophilus
R0052 0.1x10° cfu/d for 7 d, while the control group was
given standard therapy and placebo.

Results Median duration of diarrhea was 68.5 h (range 13—165)
in the supplemented and 61.5 h (range 21-166) in the control
group (P=0.596). Median daily frequency of defecation until
diarrhea stopped was 5.0 in the supplemented vs. 5.5 in the
control group (P=0.795).

Conclusions This probiotic food supplement tested did not
reduce the duration of acute infectious diarrhea as compared
to oral rehydration and zinc.
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Introduction

Acute infectious gastroenteritis (GE) is still an important
health problem in developing countries. Diarrhea is defined
as an increase in the frequency, water content and volume of
stools. The 2004 World Health Organization (WHO)/
UNICEF report estimates an incidence of 1.6 million deaths
in 2002 of which 15 % can be attributed to diarrhea [1].

Oral rehydration solution (ORS) is the cornerstone of man-
agement of dehydration [2]. Education of parents about hand
hygiene, safe weaning and drinking water efc. can help in
reducing the incidence [2]. The WHO recommends ORS
supplemented with zinc in the treatment of acute infectious
GE in children in developing countries [1, 3]. The usefulness
of this recommendation was confirmed in a meta-analysis [4].
Zinc has been shown to reduce stool output, duration and
severity of diarrhea [5].

Probiotics are living microorganisms that survive in the
gastrointestinal (GI) tract and, when ingested in an appropriate
amount, bring a health benefit to the host. The European
Society of Paediatric Gastroenterology, Hepatology and Nutri-
tion (ESPGHAN) recognized the benefit of some strains, but
the WHO does not (yet) recommend probiotics [6, 7]. A
review on the efficacy of probiotics and zinc in acute GE
suggested that data on the effect of a combined administration
of zinc and probiotics are needed [5]. This study, performed
with one of the popular probiotic food supplements in Indone-
sia evaluated whether supplementation of two probiotic strains
to standard therapy (ORS and zinc) has a beneficial effect on
the duration of acute diarrhea and the frequency of defecation.

Material and Methods

A double blind, placebo controlled, randomized prospective
clinical trial was performed in the Kenari sub district, central
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Jakarta, between January through May 2012. Local health
care volunteers informed the parents about the study and
proposed to bring their children (6-36 mo) to an outpatient
clinic. The minimum level of parental education was junior
high school. The patients were evaluated for their eligibility to
be included in the study.

The inclusion criteria were acute diarrhea, defined as
(semi-) watery stools according to Bristol criteria > type 4
(Table 1) lasting for less than or equal to 48 h with mild to
moderate dehydration [9, 10]. Diarrhea was considered cured
when stool consistency was <4 regarding Bristol criteria and
never >4 during 24 h. Dehydration was evaluated on clinical
grounds and estimated weight loss. Severe dehydration was
defined as a capillary refill of >4 s. Exclusion criteria included
malnutrition (weight <P3), administration of zinc, chronic
conditions (such as known chronic intestinal disease such as
celiac disease, cystic fibrosis, food allergy, immune deficien-
cy, inflammatory bowel disease, GI malformations, abnormal
GI motility) and acute conditions (antibiotic treatment during
the previous 7 d, macroscopic blood in the feces, use of
probiotics except for the probiotics present in infant formula).

To obtain the required power (95 %, type 1 error=0.05, two
tailed test) 45 patients were needed in each group, assuming a
mean difference in diarrthea duration of 24 h between both
groups with a SD of 30 h, based on similar trials and a Cochrane
review [11, 12]. The Cochrane review analyzed 63 studies (56
paediatric trials) including 8,014 participants, and concluded
that the average effect was a decrease of the mean duration of
diarrhea with 24.76 h (95 % confidence interval 15.9 to 33.6 h;
n=4,555, trials=35) [12]. Considering an expected drop-out
rate of 10 to 30 %, 112 children were included.

Subjects were divided in two groups by randomization using
an envelope system, prepared by the Faculty of Medicine
Pharmacy. Patients were enroled according to a computer-
determined allocation. The sequence was concealed in an en-
velope and “the next” neutral envelope was opened when the
next patient was included. The placebo was packed in identical
capsules as the probiotic, which was provided by the manufac-
turer. Each group consisted of 56 subjects. Patients were given
ORS (Indoralite®) at libitum and 20 mg zincsulphate/d during
10 d and the probiotic or placebo capsules for 7 d. The probiotic
strains were Lactobacillus (L.) rhamnosus R0011 1.9x10° and

Table 1 The Bristol stool scale [8]

Type 1 Separate hard lumps, like nuts (hard to pass)
Type 2 Sausage-shaped, but lumpy

Type 3 Like a sausage, but with cracks on the surface
Type 4 Like a sausage or snake, smooth and soft

Type 5 Soft blobs with clear cut edges (passes easily)
Type 6 Fluffy pieces with ragged edges, a mushy stool
Type 7 Watery, no solid pieces, entirely liquid

L. acidophilus R0052 0.1x10° cfu/d (Lacidofil®, Institute
Rossel Inc, Canada, Dexa Meda, Indonesia). All the products
(probiotics, oral rehydration, zinc) were provided for free by
the producing companies. The capsules with the probiotic or
the placebo were diluted in a table spoon of water. After4 to 6 h
of rehydration with ORS exclusively, children were fed again
according to their normal intake.

Parents were shown how to give the drugs, to record stool
frequency and adverse events in a diary. One of the researchers
phoned the parents daily to ensure the condition of all patients
and to check that all parameters were recorded. The researcher
examined all the children when according to the information
diarrhea had resolved or on day 7. Recovery was defined as
first stools with normal consistency (Bristol scale <4.0) [11]
and no stool with Bristol scale >4.0 during 24 h.

The study was approved by the local ethical committee of
Cipto Mangunkusumo Hospital, Jakarta, Faculty of Medicine,
University of Indonesia. All statistical analyses were conduct-
ed using SPSS version 17.0 for Windows. Variables were
described as percent, mean and standard deviation or median
and range as appropriate. Difference between two groups was
assessed by using Mann—Whitney U test. P values <0.05 were
considered statistically significant. The analysis was based on
intention to treat.

Results

A total of 150 consecutive subjects were eligible; 38 did not
meet the inclusion criteria (n:25; 13 in probiotic group; 12 in
placebo group) because of inappropriate age (n:7): too young
or too old (n:18), or refusal of the parents to participate (n:13; 6
in probiotic group; 7 in placebo group). One hundred and
twelve children were included (56 in each group; patient
characteristics: Table 2). All children belonged to the middle-

Table 2 Baseline characteristics

Characteristics Supplemented Control group

group (n=56) (n=56)

Age (in mo) [median (range)] 20 (6-35) 24 (6-36)
Sex (%)
Male 29 (51.8) 28 (50)
Female 27 (48.2) 28 (50)
Anthropometric measurement
Body weight (in kg) [median (range)] 10 (5.3-17) 10 (6-15)
Mean body height (cm) [SD] 79.2 (9.4) 80.3 (9.1)
Median duration of diarrhea before 18 (1-48) 16 (2-47)
therapy (in hour) [range]
Median frequency of defecation/d 5(1-11) 4 (2-15)

(range)

No statistical difference between both groups
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Table 3 Duration of diarrhea and daily defecation frequency in the two groups

Variable

Supplemented group (n = 56)

Median diarrhea duration (in hours) [range]

Median frequency of defecation episodes (range)

68.5 (13-165)
5.0 (0-23)

Control group (n = 56) P*
61.5 (21-166) 0.596
5.5 (0-29) 0.795

*Mann—Whitney test

class and none of the children was malnourished. None of the
subjects was severely dehydrated. Ten children (5 in each
group) refused to drink ORS. Four subjects did vomit after
ingestion of zinc on the first day of treatment. All patients were
compliant with the protocol; there was no drop-out.

The difference in outcome between both groups was sta-
tistically not significant (Table 3). Compliance was checked
with a daily telephone contact, and parents had to return study
medication at the end of the study. Daily frequency of defe-
cation (at inclusion) was 5.0 and 5.5/d (stool consistency
Bristol criteria >4). Recovery was defined as the first stools
with normal consistency (Bristol scale <4.0) and no stool with
Bristol scale >4.0 during 24 h. No adverse effect was reported.

Discussion

This study found that the probiotic strains tested did not
shorten the duration of diarrhea in comparison to standard
therapy with ORS and zinc. The frequency of defecation was
slightly, but not statistically nor clinically significant, reduced.
This result is in contrast with studies reporting that (other)
probiotic strains did shorten the duration of diarrhea with 7.2
to 2.05 h compared to ORS and zinc [13, 14].

Probiotics may be beneficial in acute GE for various rea-
sons, such as a direct antagonistic effect against pathogens
inhibiting adhesion to the mucosa, production of mucin, bac-
teriocins or other antimicrobial substances [5].

Zinc is part of many metabolic processes and immune
functions. Zinc stimulates the regeneration of the mucosa.
Zinc also decreases ion secretion and nitric oxide synthesis.
Zinc decreases intestinal permeability. An important effect is
also the appetite stimulation [5, 15]. But according to a recent
Indian trial, zinc failed to decrease stool output or shorten
recovering time [16]. But, in an Italian study, zinc (and prebi-
otics) added to ORS was shown to improve outcome [17]. The
majority of data suggest that children in developing countries
older than 6 mo may benefit from the administration of zinc in
the treatment of acute GE [6].

The combination of zinc and probiotics decreases the se-
verity and duration of diarrhea [2]. The reduction in frequency
of defecation (0.1-1 time less) reported in the present trial is in
line with the data from literature [14]. Streptococcus
Thermophilus, Bifidobacterium lactis and L. acidophilus
(2x10° of each strain) and zinc (10 mg/d) and 0.3 g fructo-

oligosaccharides reduced the duration of diarrhea with half a
day (1.41£0.71 vs. 1.96+1.24 day) in infants 612 mo old in
Galilee (Israel) [13]. Agustina et al. showed in an Indonesian
population that L. reuteri DSM17938 may prevent diarrhea,
especially in children with a poor nutritional status [18].
L. casei CRL431, did not prevent diarrhea [18]. None of the
interventions affected the incidence of respiratory tract infec-
tions [18]. The major difference between the study by
Agustina and the present study was that the authors did a
therapeutic intervention trial while Agustina did a prevention
study.

Several factors such as recall bias, compliance to therapy
and causative agents might interfere with the present study
results. Also, the authors cannot exclude a type II error (false
negative), because of the relative small sample size. Because
of restricted budget, the authors could not perform an inde-
pendent quality analysis of the tested probiotic product (the
vast majority of similar trials did also not test this). The
authors did not identify the pathogens that may have caused
diarrhea. Stool cultures were not performed, as is the case in
many studies with prebiotics and probiotics [11, 18]. Accord-
ing to the evidence-based guidelines of ESPGHAN and the
European Society of Infectious Disease it is not recommended
to perform stool cultures for acute GE in primary health care
[7]. Moreover, since the present study was not funded (except
for the free medication), there was no budget to perform stool
analyses.

Meta-analyses report significant differences in effective-
ness for different probiotic species and strains such as Sac-
charomyces (S.) boulardii, Clostridium butyricum,
Bifidobacterium (B.) lactis, L. rhamnosus GG, other
Lactobacilli species and probiotic mixtures [12, 19]. A recent
Indian study showed that S. boulardii administration did result
in a significant reduction of the duration of diarrhea: 52.08+
24.57 vs. 64.04+30.43 h [20]. The time of appearance of the
first semi formed stool in the S. Boulardii group (39.48+
23.09 h) was significantly (95 % CI —25.4 to —3.87) shorter
than the placebo group (54.13+£28.21 h) [20]. Bifilac (Strep-
tococcus faecalis, Clostridium butyricum, Bacillus
mesentericus, Lactobacillus sporogenes) resulted in a clinical
and statistically significant reduction in the number of stools
per day, the duration of diarrhea, recovery from dehydration,
duration and volume of oral rehydration needed, duration of
intravenous rehydration and rotaviral shedding [21]. Howev-
er, the scientific design of this study was questioned [22].
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Negative results were also shown with L. casei strain GG
(LGG) and ORS without zinc [23]. Duration of diarrhea was
8.1 h longer and total fecal output was 52.8 mL/kg more in the
supplemented compared to the control group, although this
difference was not statistically significant [23]. Positive ef-
fects of LGG have been reported in several other studies, the
negative result in this study may be related to a transient
lactose malabsorption, which is common in acute diarrhea
[23].

The authors administered L. acidophilus Rosell-52 and
L. rhamnosus Rosell-11. The same combination of probiotics
but without zinc supplementation showed a reduction in the
duration of diarrhea [24, 25]. Since the results of the present
study are negative, it may be that the efficacy of zinc mini-
mizes the additional benefit of probiotics. Dalgic et al. report-
ed in a study comparing different treatment options
(S. boulardii alone; zinc alone; lactose-free formula alone;
S. boulardii plus zinc; S. boulardii plus lactose-free formula;
zinc plus lactose-free formula; S. boulardii plus zinc plus
lactose-free formula; only oral and/or parenteral rehydration)
that only “zinc alone” and “zinc with S. boulardii” reduced the
duration of diarrhea [14]. The present study may have turned
out negative because of inefficacy of the probiotic tested (but
another study reported a positive effect with the same probi-
otic combination) or because the additional zinc overruled the
efficacy of the probiotics. This aspect needs to be further
investigated.

Another aspect regards the dosage of the probiotic strains.
The authors used 2x 10° cfu given once daily for seven days.
A meta-analysis showed no significant difference in efficacy
(79 % vs. 75 %) in children with acute diarrhea who were
given 1x107 to 6x10° cfu/d compared to a dose of 1x10'* to
2x10" cfu/d [19]. A study with the same combination of
strains as in the present study did report that one capsule daily
shortened the duration of acute diarrhea [25]. There are no
recommendations regarding the optimal duration of probiotic
supplementation. Depending on the indication, the duration of
administration reported varies between 2 d and 6 mo [19].

Temperature during storage of probiotics is another impor-
tant aspect, especially in tropical countries [26]. Environmen-
tal temperature and gastric conditions determine the viability
of probiotics [27]. The label on many probiotics mentions that
storage needs to be in a dry, cool place by preference at 4 °C.
In the present study, the probiotics were stored at room tem-
perature in a dry place in the house. Storage of the probiotics
in the patient’s home for 7 d should not undermine the
viabilityof the bacteria in the capsule. L. acidophilus and
B. bifidum stored for 1 mo at 28-32 °C or stored at tempera-
ture of 4 °C have the same efficacy in reducing the duration of
diarrhea: 34.1 vs. 34.8 h, while the duration was 58 h for the
placebo (p<0.05) [28]. Stability of the strains in the present
study has been tested for different temperatures: storage at a
temperature of 25 °C for 4 wk reduced the cfu with 13 % and

storage for 12 mo at 25 °C resulted in a reduction with 27 %
[29]. The number of cfu was unchanged if storage was for
1 wk only [29].

Therapeutic strategies need to be assessed in different
settings and pharmaco-economic analyses based on country-
specific data are needed [30]. Clinical practice should imple-
ment guidelines adapted to a local level, taking into account
cost [30].

Conclusions

The probiotic mixture tested failed to reduce the duration of
acute infectious diarrhea. These results suggest that there is no
additional advantage of the probiotic product studied to the
effect of zinc and ORS. This study illustrates that each probi-
otic product should be clinically tested.
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