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Abstract: The efficacy of oral rehydration solution (ORS) enriched with Lactobacillus reuteri DSM
17938 and zinc in infants with acute gastroenteritis, is poorly defined. The aim of this double-blind,
randomized, placebo-controlled study, was to assess the efficacy of an ORS enriched with Lactobacillus
reuteri DSM 17938 and zinc (ORS+Lr&Z) in well-nourished, non-hospitalized infants with acute
diarrhoea. Fifty one infants with acute diarrhoea were randomly assigned to receive either ORS+Lr&Z
(28 infants, mean ± SD age 1.7 ± 0.7 years, 21 males), or standard ORS (ORS−Lr&Z; 23 infants,
mean ± SD age 1.8 ± 0.7 years, 16 males). Stools volume and consistency were recorded pre- and
posttreatment using the Amsterdam Infant Stool Scale and were compared between the two groups,
as well as lost work/day care days, drug administration and need for hospitalization. Both groups
showed reduction in the severity of diarrhoea on day two (p < 0.001) while, all outcomes showed
a trend to be better in the ORS+Lr&Z group, without reaching statistical significance, probably due
to the relatively small number of patients. No adverse effects were recorded. In conclusion, both
ORS were effective in managing acute diarrhoea in well-nourished, non-hospitalized infants. ORS
enriched with L. reuteri DSM 17938 and zinc was well tolerated with no adverse effects.

Keywords: acute gastroenteritis; children; Lactobacillus reuteri; oral rehydration solution;
probiotics; zinc

1. Introduction

Oral rehydration solution (ORS) is recommended in infants and children with acute diarrhoea
for the treatment or the prevention of dehydration [1]. Zinc supplementation is beneficial in infants
and children with acute diarrhoea living in developing countries [2], however, its efficacy in those
living in developed countries is poorly defined. Furthermore, selected strains of probiotics have
been shown to reduce the duration and the severity of diarrhoea in children with acute diarrhoea
and the effect is greater if the probiotics are given within 60 hours from the onset of symptoms [3–8].
Lactobacillus reuteri (L. reuteri) ATCC 55730 was reported to have a beneficial effect in reducing the
duration and severity of acute gastroenteritis of both bacterial and viral (rotavirus) origin in infants
and toddlers aged 6–36 months [6–8]. However, the above strain was found to carry transferable
resistance traits for tetracycline and lincomycin, and for this reason it was replaced by a new
strain—L. reuteri DSM 17938—by removal of two potentially transferable plasmid-borne resistances.
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Furthermore, L. reuteri DSM 17938 was assessed in hospitalized and non-hospitalized children with
acute diarrhoea with varied results. The administration of L. reuteri DSM 17938 at a dose of 4 × 108

CFU in hospitalized 69 Italian children aged six months to three years for acute diarrhoea, reduced
significantly the frequency and the duration of diarrhoea on days 2 and 3, and also the number of
children with diarrhoea on days 2 and 3, compared to the placebo without though affecting the duration
of hospital stay [9]. In another multicenter, randomized, single-blinded, case control clinical trial [10]
in 64 hospitalized children with acute watery diarrhoea, the administration of L. reuteri DSM 17938 at
a dose of 1 × 108 CFU for five days was associated with reduction of the duration of diarrhoea and of
the hospital stay as well as with better success rate on day 2 compared to 63 controls while, the same
strain at a subsequent study in 60 children with acute diarrhoea presented at outpatients clinics, showed
reduced duration of diarrhoea and better success rate on day two but no differences from the third day
between the two groups [11]. Although the above strain has been solitary studied in childhood acute
diarrhoea, the efficacy of the combined supplementation of ORS with L. reuteri DSM 17938 and zinc in
infants with acute diarrhoea, has not been studied so far.

The aim of the present study therefore, was to assess whether an ORS enriched with
L. reuteri DSM 17938 and zinc (ORS+Lr&Z) would be superior or equivalent to ORS without added
probiotic and zinc (ORS−Lr&Z) in managing acute diarrhoea in well-nourished non-hospitalized
infants and toddlers, and its effects on child’s and family’s normal activities

2. Patients and Methods

2.1. Study Design

The study was a randomized, double-blind, placebo-controlled study, conducted in patients
with acute diarrhoea who were followed up at outpatient paediatric clinics in Athens, Greece during
30 months. The study protocol was approved by the ethics committee of the hospital and the study
was registered at ClinicalTrials.gov (NCT 01886755), before the enrolment of the first patient. Informed
consent was obtained from at least one parent or legal guardian prior to study inclusion.

2.2. Patients

Infants aged 6–36 months with acute diarrhoea defined as three or more watery or soft stools per
day for the past 24–48 h and with mild to moderate degree of dehydration defined as one to four scores
on Baily’s clinical dehydration scale [12], seen as outpatients were recruited. The exclusion criteria
included the following: diarrhoea lasting more than 48 hours, clinical signs of severe dehydration
defined as Bailey scale scores = or > 5, malnutrition defined as weight/height ratio below the 5th
percentile, clinical signs of a coexisting severe acute systemic illness (meningitis, sepsis, pneumonia),
immunodeficiency, severe chronic disease including cystic fibrosis, food allergy diagnosed by physician
or other chronic gastrointestinal diseases, use of pre-/probiotics in the previous two weeks, use of
antibiotics or any anti-diarrhoeal medication in the previous four weeks.

2.3. Methods

The patients were randomly assigned to receive either ORS+Lr&Z or ORS−Lr&Z of similar
composition and osmolality (Table 1) both provided by BioGaia AB, Sweden. Oral rehydration
took place over the first four hours while ongoing losses were replaced by administering 10 mL/kg
of ORS using a graduated bottle provided by the sponsor, after each loose/watery stool or vomit
until diarrhoea ceased or up to five days from the enrolment. Patients were allocated to each group
according to a computer—generated randomisation using Random Allocation Software version 2.3.8
(StatsDirect Ltd., Chesire, UK). Treatment allocation was concealed to maintain the double-blind status.
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Table 1. Composition of the study products.

ORS Enriched with L. reuteri DSM 17938 and
Zinc (1 Sachet)

ORS without L. reuteri DSM 17938 and Zinc
(1 Sachet)

Protein <0.1 g <0.1 g
Carbohydrates 3.75 g 3.75 g

of which glucose 3.75 g 3.75 g
Fat <0.1 g <0.1 g

Sodium 0.35 g/15 mmol 0.35 g/15 mmol
Chloride 0.4 g/11 mmol 0.4 g/11 mmol

Potassium 0.2 g/5 mmol 0.2 g/5 mmol
Citrate 0.5 g/3 mmol 0.5 g/3 mmol

Zinc 1.5 mg/0.02 mmol 0 mg/0 mmol
Osmolality 220 mOsm/kg H2O 220 mOsm/kg H2O

L. reuteri DSM 17938 1 × 109 CFU (Colony Forming Units) 0

The parents/legal guardians of the enrolled children were instructed to make daily records of the
stools in a specific form using the Amsterdam stool scale (ISS) [13], the vomiting episodes, the volume
of ORS consumed by the child on each day, other treatments or medications during the study period,
adverse events, missed number of workdays for the parents and days at day care/nursery for the
child, as well as any hospital admissions.

2.4. Outcome Measures

The primary outcome measures included the proportion of children without watery or soft (type
A3–4 or B3–4 ISS) stools on day 2 of treatment, as well the time from the start of treatment up to the
day of recording the last watery or soft stool. The secondary outcome measures included the reduction
in the severity of diarrhoea assessed by the following: (a) the number of watery and soft (type A3–4
or B3–4 ISS) stools on each of the days during the study period; (b) the percentage of patients with
watery or soft (type A3–4 or B3–4 ISS) stools on each day during the study period; and (c) the decrease
in the diarrhoea severity score consisting of the sum of the points of three variables according to ISS:
(i) number of bowel movements; (ii) type (A, B, C, and D) of stools and (iii) volume (1, 2, 3 and 4) of
stools (Table 2); the number of vomiting episodes; the volume of ORS intake during the first day of
treatment; the need for hospitalization; the loss of workdays for the parents; the loss of days from the
day care/nursery for the children as well the need for medication administration due to diarrhoea.

Table 2. Total score of severity of diarrhoea based on Amsterdam stool scale.

Variable

Consistency Volume

Category A B C D 1 2 3 4
Points 1 point for each bowel movement 2 1 0 0 1 2 3 4

The total score consists of the sum of the product of the points of three variables: (i) number of bowel movements;
(ii) Type (A, B, C, and D) of stools and iii) Volume (1, 2, 3, and 4) of stools.

2.5. Statistical Analysis

Continuous parameters are presented as mean and standard deviation (SD) and compared
by non-parametric tests (Mann-Whitney) due to the small sample sizes and the extremely skewed
distributions of outcome variables which are discrete and with relatively narrow range. Categorical
variables are presented as absolute (n) and relative (%) frequencies and compared by the Fisher exact
test. Mean differences (MD) of continuous outcomes between the two groups and 95% confidence
intervals (CI) are reported, whereas absolute risk difference (ARD) with 95% CI were estimated
for categorical outcomes. The level of statistical significance was set to 0.05. In cases of multiple
comparisons, the Bonferroni correction was applied (0.05 divided by the number of comparisons).
Data were analysed with Stata 11.2 MP statistical software (StataCorp, TX, USA).
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3. Results

Fifty-eight children were randomly allocated to receive either ORS+Lr&Z (n = 30) or ORS−Lr&Z
(n = 28) seven of whom (two from the ORS+Lr&Z and five from the ORS-Lr&Z group) were lost from
follow up. A total of 51 children mean ± SD age 1.8 ± 0.7, 1.7 (1.3, 2.3), 37 males, 14 females, received
either ORS+Lr&Z (n = 28, aged 1.7 ± 0.7, 21 males, seven females) or ORS−Lr&Z (n = 23, mean ± SD
age 1.8 ± 0.7, 16 males, seven females) and were included in the analysis. The CONSORT flow diagram
of the study is shown in Figure 1.

Figure 1. CONSORT flow diagram.

Age and gender were comparable between the two groups at baseline, as well as the severity of
diarrhoea before recruitment (Table 3).

Table 3. Baseline characteristics in the two study arms.

ORS−Lr&Z ORS+Lr&Z p-Value

Age (years) * 1.8 ± 0.7, 1.8 (1.3, 2.4) 1.7 ± 0.7, 1.6 (1.3, 2.1) 0.5 **
Severity of diarrhoea (score) * 4.7 ± 3.6, 5 (2, 6) 4.3 ± 3.1, 3.5 (2.0, 6.5) 0.6 **

Gender, males/females, n (%) 16/7
(69.6%/30.4%)

21/7
(75.0%/25%) 0.8 ***

* Mean ± SD, median (IQR); ** Mean (95% confidence interval); *** Mann-Whitney test, level of significance after
Bonferroni correction: 0.01.

The proportion of children without diarrhoea on day two after the start of treatment did not differ
significantly between the two groups: ORS−Lr&Z 13/23 (56.5%), ORS+Lr&Z 18/28 (64.3%), p = 0.8,
ARD: 7.7% (−19.2%, 34.7%).

All of the outcomes in the intention to treat analysis showed a trend to be better in the ORS+Lr&Z
group, however statistical significance was not reached in any of them. Both groups showed
comparable improvement in the severity of diarrhoea on day two following the start of treatment
(Table 4, Figure 2) as well as during the study period (Table 4, Figure 3).
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Table 4. Resolution of diarrhoea during the study period.

Number of Watery or Soft (type A3–4 or B3–4 ISS #) Stools * Proportion of Patients without Diarrhoea

ORS−Lr&Z ORS+Lr&Z MD (ORS+Lr&Z vs.
ORS−Lr&Z ** p-Value *** ORS−Lr&Z ORS+Lr&Z ARD ** (ORS+Lr&Z vs.

ORS−Lr&Z) p-Value ****

Day 1 1.17 ± 1.85
0 (0, 2)

0.96 ± 1.13
1 (0, 2) −0.21 (−1.05, 0.63) 0.9 12/23 (52.2%) 13/28 (46.4%) −5.7% (−33.2%, 21.8%) 0.8

Day 2 0.74 ± 1.00
0 (0, 1)

0.64 ± 1.00
0 (0, 1) −0.10 (−0.66, 0.46) 0.6 13/23 (56.5%) 18/28 (64.3%) 7.7% (−19.2%, 34.7%) 0.8

Day 3 0.69 ± 0.87
0 (0, 2)

0.46 ± 0.83
0 (0, 1) −0.23 (−0.71, 0.25) 0.3 13/23 (56.5%) 20/28 (71.4%) 14.9% (−11.1%, 41.2%) 0.4

Day 4 0.34 ± 0.71
0 (0, 1)

0.39 ± 0.62
0 (0, 1) 0.05 (−0.33, 0.42) 0.6 17/23 (73.9%) 19/28 (67.9%) 6.1% (−31.0%, 18.9%) 0.8

Day 5 0.30 ± 0.47
0 (0, 1)

0.14 ± 0.52
0 (0, 0) −0.16 (−0.44, 0.12) 0.05 16/23 (69.6%) 26/28 (92.9%) 23.3% (2.0%, 44.5%) 0.06

# Infant Stool Scale; * Mean ± SD, median (IQR); ** Mean (95% confidence interval); *** Mann-Whitney test, level of significance after Bonferroni correction: 0.01; **** Fisher’s exact test,
level of significance after Bonferroni correction: 0.01.



Nutrients 2018, 10, 1189 6 of 11

Both ORS with or without supplementation with L. reuteri DSM 17938 and zinc managed to
decrease significantly the severity of diarrhoea on day 2, based on the severity score that took into
account both stool consistency and volume according to ISS (Figure 2).
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Figure 2. Improvement of the severity score of diarrhoea at day 2 compared to baseline (day−1).
At each time point, the results are presented with means and 95% confidence intervals. Comparisons
within groups were performed by the Wilcoxon signed-rank test for paired data, whereas data between
groups were compared by the Mann-Whitney U test. Comparisons in the ORS+Lr&Z arm on day two
versus day−1 (p < 0.001). Comparisons in the ORS−Lr&Z arm on day two versus day−1 (p < 0.001).

Furthermore, although the ORS supplemented with L. reuteri DSM 17938 and zinc had a tendency
to achieve a greater decrease in the 6-day severity score of diarrhoea, the difference between the two
groups did not reach statistical significance (Figure 3).
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by the Mann-Whitney U test (p > 0.5).

Similarly, although a tendency was seen in the group receiving ORS supplemented with
L. reuteri DSM 17938 and zinc to have smaller duration of watery diarrhoea as well as of soft stools
compared to the group which received non-supplemented ORS, again, the difference did not reach
statistical significance (Figure 4A,B).
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The same was true for the number of days lost from the day care for the infants and from
work for the parents, which tended to be less in the group which received ORS supplemented
with L. reuteri DSM 17938 and zinc, but again, the differences did not reach statistical significance
(Figure 5A,B).
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Figure 5. (A): Number of lost day care/nursery days for patients. (B): Number of lost work days for
parents. Results are presented with means and 95% confidence intervals. Comparisons between the
ORS+Lr&Z and the ORS-Lr&Z arms were performed by the Mann-Whitney U test (p > 0.5).

The number of vomiting episodes was comparable between the ORS−Lr&Z and the ORS+Lr&Z
groups at baseline: mean ± SD, median (IQR) 0.09 ± 0.28, 0 (0, 0) vs. 0.07 ± 0.26, 0 (0, 0) respectively,
p = 0.4, while no vomiting episodes were recorded during the study period in any of the two groups.

The consumed volume of ORS during the first 24 h did not differ between the ORS+Lr&Z and
the ORS−Lr&Z groups: mean ± SD, median (IQR) 309.8 ± 235.3, 265 (120, 415) vs. 326.5 ± 195.9
respectively, 300 (170, 490), p = 0.5.

None of the patients was hospitalized during the study period and no other medications for
diarrhoea or antibiotics were administered by any of the patients.
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4. Discussion

This study is the first study assessing the efficacy of an ORS supplemented with L. reuteri DSM 17938
and zinc in infants with acute diarrhoea. Furthermore, this is the first study that uses for the assessment of
the efficacy of the above ORS supplementation, an objective measure (ISS), that takes into account both
consistency and volume of the infant’s stools. In addition, this is the first study assessing the effects of
the above combination, on child’s and family’s normal activities during acute diarrhoea. We showed that
ORS+Lr&Z and ORS−Lr&Z were both associated with reduction in the severity of diarrhoea two days
following the start of treatment in a group of well-nourished, non-hospitalized infants and toddlers with
acute gastroenteritis. Furthermore, we showed that all of the outcomes including the severity of diarrhoea
based on ISS, the duration of watery diarrhoea, the percentages of infants with no diarrhoea on days 3
and 5 as well as the number of absences from the day care for the infants and the parents from the work,
all showed a trend to be better in the ORS+Lr&Z group without though reaching statistical significance,
probably due to the relatively small number of recruited patients.

Other studies using probiotic strains such as L. reuteri ATCC 55730, Lactobacillus rhamnosus 19070-2
and L. reuteri DSM 12246, reported beneficial effects in children with acute gastroenteritis [3–7,14].
Lactobacillus rhamnosus 19070-2 and L. reuteri DSM 12246 were both effective in reducing the duration of
diarrhoea after intervention in hospitalized and non-hospitalized children with mild diarrhoea while,
a greater efficacy was noted in case of early (<60 hours after the start of diarrhoea) intervention [4,5].
Furthermore, L. reuteri DSM 17938 and L. reuteri ATCC 55730 were reported in one meta-analysis in
hospitalized children 3 to 60 months (n = 196 and n = 156 respectively), to reduce significantly the
duration of diarrhoea compared to placebo or no treatment respectively [15].

The mechanisms of the effect of L. reuteri in acute diarrhoea are not fully understood. It has been
shown that L. reuteri can produce reuterin, a broad-spectrum antimicrobial agent [16], which may
be responsible for the inhibition of pathogenic microorganisms in the gastrointestinal tract, but also,
it can decrease intestinal permeability [17,18] and stimulate the intestinal immune responses [19,20].
Furthermore, L. reuteri DSM 17938 and ATCC PTA 6475 were shown in a model of rotavirus infection
in new-born mice, to increase the early mucosal rotavirus-specific IgA as well as the diversity of the
distal gut microbiome, attenuating rotavirus induced enteritis and reducing the duration of diarrhoea
by one day. In our study, we did not perform gut microbiome analysis in the recruited infants with
acute diarrhoea. Therefore, we cannot draw any conclusions from this study on the possible effects of
the supplemented ORS with L. reuteri DSM 17938 and zinc on infants distal gut microbiome during
acute diarrhoea. Other preliminary studies suggested that L. reuteri 17938 increased the number of
villus goblet cells bearing markers of intestinal stem cell activity [21–23].

Based on the available evidence, the European Society for Pediatric Gastroenterology,
Hepatology and Nutrition recommended the use of Lactobacillus rhamnosus GG, Saccharomyces boulardii,
L. reuteri DSM 17938, and the heat-inactivated Lactobacillus acidophilus LB as a supplement of the ORS
for the management of childhood acute gastroenteritis [24].

With regards to zinc supplementation of ORS in children with acute diarrhoea, it has been
shown to be beneficial in malnourished children [25] but has been poorly studied in well-nourished
ones. The postulated mechanisms include improved absorption of water and electrolytes by the
intestine [26–28], regeneration of gut epithelium [29], increased levels of enterocyte brush-border
enzymes [30], and enhanced immunologic mechanisms. Therefore, WHO recommended early oral
rehydration therapy and zinc supplementation to treat acute diarrhoea in children [1]. Our study failed
to show superiority of the enriched with zinc ORS in the study group consisting of well-nourished
infants with mild diarrhoea not requiring hospitalization, probably due to the fact that the study was
underpowered due to the relatively small number of recruited patients.

The main limitation of the study was, therefore, the relatively small number of the recruited
children. The fact, however, that the study was a well-designed, double blind, placebo-controlled
trial, the first that assessed an ORS enriched with L. reuteri DSM 17938 and zinc in infants with acute
gastroenteritis, and also used for the assessment of the severity of diarrhoea an objective method
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(ISS), make the results a valuable contribution to the meta-analyses on the topic, which has clinical
importance for health professionals, including general practitioners, general pediatricians, pediatric
gastroenterologists, and nutritionists.

5. Conclusions

This randomised, double blind, placebo-controlled trial showed that ORS supplemented with
L. reuteri DSM 17938 and zinc had comparable efficacy with ORS of similar composition and osmolality
without added probiotic and zinc, in managing acute diarrhoea, in well-nourished, non-hospitalised
infants and toddlers with acute diarrhoea. ORS enriched with L. reuteri DSM 17938 and zinc was well
tolerated without adverse effects.
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ORS−Lr&Z ORS of similar composition and osmolality without added probiotic and zinc
MD Mean differences
SD Standard deviation
95% CI 95% confidence intervals

References

1. World Health Organization, Dept. of Child and Adolescent Health and Development & UNICEF. Clinical
Management of Acute Diarrhoea: WHO/UNICEF Joint Statement; World Health Organization: Geneva,
Switzerland, 2004.

2. Castillo Duran, C.; Vial, P.; Uauy, R. Trace mineral balance during acute diarrhea in infants. J. Pediatr. 1988,
113, 452–457. [CrossRef]

3. Allen, S.J.; Martinez, E.G.; Gregorio, G.V.; Dans, L.F. Probiotics for treating acute infectious diarrhoea.
Cochrane Database Syst. Rev. 2010. [CrossRef] [PubMed]

4. Rosenfeldt, V.; Michaelsen, K.F.; Jakobsen, M.; Larsen, C.N.; Møller, P.L.; Pedersen, P.; Tvede, M.;
Weyrehter, H.; Valerius, N.H.; Paerregaard, A. Effect of probiotic Lactobacillus strains in young children
hospitalized with acute diarrhea. Pediatr. Infect. Dis. J. 2002, 21, 411–416. [CrossRef] [PubMed]

5. Rosenfeldt, V.; Michaelsen, K.F.; Jakobsen, M.; Larsen, C.N.; Møller, P.L.; Tvede, M.; Weyrehter, H.;
Valerius, N.H.; Paerregaard, A. Effect of probiotic Lactobacillus strains on acute diarrhea in a cohort of
non-hospitalized children attending day-care centers. Pediatr. Infect. Dis. J. 2002, 21, 417–419. [CrossRef]
[PubMed]

6. Shornikova, A.V.; Casas, I.A.; Isolauri, E.; Mykkanen, N.; Vesikari, T. Lactobacillus reuteri as a therapeutic
agent in acute diarrhoea in young children. J. Pediatr. Gastroenterol. Nutr. 1997, 24, 399–404. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/S0022-3476(88)80627-9
http://dx.doi.org/10.1002/14651858.CD003048.pub3
http://www.ncbi.nlm.nih.gov/pubmed/21069673
http://dx.doi.org/10.1097/00006454-200205000-00012
http://www.ncbi.nlm.nih.gov/pubmed/12150178
http://dx.doi.org/10.1097/00006454-200205000-00013
http://www.ncbi.nlm.nih.gov/pubmed/12150179
http://dx.doi.org/10.1097/00005176-199704000-00008
http://www.ncbi.nlm.nih.gov/pubmed/9144122


Nutrients 2018, 10, 1189 10 of 11

7. Shornikova, AV.; Casas, I.A.; Mykkanen, N.; Salo, E.; Vesikari, T. Bacteriotherapy with Lactobacillus reuteri in
rotavirus gastroenteritis. Pediatr. Infect. Dis. J. 1997, 16, 1103–1107. [CrossRef] [PubMed]

8. Eom, T.H.; Oh, E.Y.; Kim, Y.H.; Lee, H.S.; Yang, P.S.; Kim, D.U.; Kim, J.-T.; Lee, B.-C. The therapeutic effect of
Lactobacillus reuteri in acute diarrhea in infants and toddlers. Korean J. Pediatr. 2005, 48, 986–989.

9. Francavilla, R.; Lionetti, E.; Castellaneta, S.; Ciruzzi, F.; Indrio, F.; Masciale, A.; Fontana, C.; La Rosa, M.M.;
Cavallo, L.; Francavilla, A. Randomised clinical trial: Lactobacillus reuteri DSM 17938 vs. Placebo in children
with acute diarrhea—A double-blind study. Aliment. Pharmacol. Ther. 2012, 36, 362–369. [CrossRef] [PubMed]

10. Dinleyici, E.C.; PROBAGE Study Group; Vandenplas, Y. Lactobacillus reuteri DSM 17938 effectively reduces
the duration of acute diarrhoea in hospitalised children. Acta Paediatr. 2014, 103, e300–e305. [PubMed]

11. Dinleyici, E.C.; Dalgic, N.; Guven, S.; Metin, O.; Yasa, O.; Kurugol, Z.; Turel, O.; Tanir, G.; Yazar, A.S.;
Arica, V.; et al. Lactobacillus reuteri DSM 17938 shortens acute infectious diarrhea in a pediatric outpatient
setting. J. Pediatr. 2015, 91, 392–396. [CrossRef] [PubMed]

12. Bailey, B.; Gravel, J.; Goldman, R.D.; Friedman, J.N.; Parkin, P.C. External validation of the clinical
dehydration scale for children with acute gastroenteritis. Acad. Emerg. Med. 2010, 17, 583–588. [CrossRef]
[PubMed]

13. Bekkali, N.; Hamers, S.L.; Reitsma, J.B.; Van Toledo, L.; Benninga, M.A. Infant stool form scale: Development
and results. J. Pediatr. 2009, 154, 521–526. [CrossRef] [PubMed]

14. Chmielewska, A.; Ruszczynski, M.; Szajewska, H. Lactobacillus reuteri strain ATCC 55730 for the treatment
of acute infectious diarrhea in children: A meta-analysis of randomized controlled trials. Pediatr. Wspolczesna
2008, 10, 33–37.

15. Szajewska, H.; Urbanska, M.; Chmielewska, A.; Weizman, Z.; Shamir, R. Meta-analysis. Lactobacillus reuteri
strain DSM 17938 (and the original strain ATCC 55730) for treating acute gastroenteritis in children.
Benef. Microbes 2014, 5, 285–293. [PubMed]

16. Brunser, O.; Araya, M.; Espinoza, J.; Guesry, P.R.; Secretin, M.C.; Pacheco, I. Effect of an acidified milk on
diarrhea and the carrier state in infants of low socio-economic stratum. Acta Paediatr. Scand. 1989, 78, 259–264.
[CrossRef] [PubMed]

17. Isolauri, E.; Majamaa, H.; Arvola, T.; Rantala, I.; Virtanen, E.; Arvilommi, H. Lactobacillus casei strain GG
reverses increased intestinal permeability induced by cow milk in suckling rats. Gastroenterology 1993, 105,
1643–1650. [CrossRef]

18. Isolauri, E.; Kaila, M.; Arvola, T.; Majamaa, H.; Rantala, I.; Virtanen, E.; Arvilommi, H. Diet during rotavirus
enteritis affects jejunal permeability to macromolecules in suckling rats. Pediatr. Res. 1993, 33, 548–553.
[CrossRef] [PubMed]

19. Perdigon, G.; Alvarex, S.; Nader De Macias, M.; Roux, M.; Pesce de Ruiz Holgado, A. The oral administration
of lactic acid bacteria increases the mucosal intestinal immunity in response to enteropathogens. J. Food Prot.
1990, 53, 404–410. [CrossRef]

20. Perdigon, G.; Medici, M.; BibasBonet de Jorrat, M.E.; Valverde de Budeguer, M.; Pesce de Ruiz Holgado, A.
Immunomodulating effects of lactic acid bacteria on mucosal and humoral immunity. Int. J. Immunother.
1993, 9, 29–52.

21. Preidis, G.A.; Saulnier, D.M.; Blutt, S.E.; Mistretta, T.A.; Riehle, K.P.; Major, A.M.; Venable, S.F.; Finegold, M.J.;
Petrosino, J.F.; Conner, M.E.; et al. Probiotics stimulate enterocyte migration and microbial diversity in the
neonatal mouse intestine. FASEB J. 2012, 26, 1960–1969. [CrossRef] [PubMed]

22. Preidis, G.A.; Saulnier, D.M.; Blutt, S.E.; Mistretta, T.A.; Riehle, K.P.; Major, A.M.; Venable, S.F.; Barrish, J.P.;
Finegold, M.J.; Petrosino, J.F.; et al. Host response to probiotics determined by nutritional status of
rotavirus-infected neonatal mice. J. Pediatr. Gastroenterol. Nutr. 2012, 55, 299–307. [CrossRef] [PubMed]

23. Preidis, G. Mechanisms of probiosis by Lactobacillus reuteri in Acute Rotaviral Gastroenteritis. Translational
Biology and Molecular Medicine. Ph.D. Thesis, Baylor College of Medicine, Houston, TX, USA, 2011.

24. Szajewska, H.; Guarino, A.; Hojsak, I.; Indrio, F.; Kolacek, S.; Shamir, R.; Vandenplas, Y.; Weizman, Z.;
European Society for Pediatric Gastroenterology, Hepatology, and Nutrition. Use of probiotics for
management of acute gastroenteritis: A position paper by the ESPGHAN Working Group for Probiotics and
Prebiotics. J. Pediatr. Gastroenterol. Nutr. 2014, 58, 531–539.

25. Ghishan, F.K. Transport of electrolytes, water, and glucose in zinc deficiency. J. Pediatr. Gastroenterol. Nutr.
1984, 3, 608–612. [CrossRef] [PubMed]

http://dx.doi.org/10.1097/00006454-199712000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9427453
http://dx.doi.org/10.1111/j.1365-2036.2012.05180.x
http://www.ncbi.nlm.nih.gov/pubmed/22680836
http://www.ncbi.nlm.nih.gov/pubmed/24579935
http://dx.doi.org/10.1016/j.jped.2014.10.009
http://www.ncbi.nlm.nih.gov/pubmed/25986615
http://dx.doi.org/10.1111/j.1553-2712.2010.00767.x
http://www.ncbi.nlm.nih.gov/pubmed/20624137
http://dx.doi.org/10.1016/j.jpeds.2008.10.010
http://www.ncbi.nlm.nih.gov/pubmed/19054528
http://www.ncbi.nlm.nih.gov/pubmed/24463209
http://dx.doi.org/10.1111/j.1651-2227.1989.tb11066.x
http://www.ncbi.nlm.nih.gov/pubmed/2929349
http://dx.doi.org/10.1016/0016-5085(93)91059-Q
http://dx.doi.org/10.1203/00006450-199306000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8378109
http://dx.doi.org/10.4315/0362-028X-53.5.404
http://dx.doi.org/10.1096/fj.10-177980
http://www.ncbi.nlm.nih.gov/pubmed/22267340
http://dx.doi.org/10.1097/MPG.0b013e31824d2548
http://www.ncbi.nlm.nih.gov/pubmed/22343914
http://dx.doi.org/10.1097/00005176-198409000-00022
http://www.ncbi.nlm.nih.gov/pubmed/6090631


Nutrients 2018, 10, 1189 11 of 11

26. Patrick, J.; Golden, B.E.; Golden, M.H. Leucocyte sodium transport and dietary zinc in protein energy
malnutrition. Am. J. Clin. Nutr. 1980, 33, 617–620. [CrossRef] [PubMed]

27. Patrick, J.; Michael, J.; Golden, M.N.; Golden, B.E.; Hilton, P.J. Effect of zinc on leucocyte sodium transport
in vitro. Clin. Sci. Mol. Med. 1978, 54, 585–587. [PubMed]

28. Roy, S.K.; Behrens, R.H.; Haider, R.; Akramuzzaman, S.M.; Mahalanabis, D.; Wahed, M.A.; Tomkins, A.M.
Impact of zinc supplementation on intestinal permeability in Bangladeshi children with acute diarrhoea and
persistent diarrhoea syndrome. J. Pediatr. Gastroenterol. Nutr. 1992, 15, 289–296. [CrossRef] [PubMed]

29. Gebhard, R.L.; Karouani, R.; Prigge, W.F.; McClain, C.J. The effect of severe zinc deficiency on activity of
intestinal disaccharidases and 3-hydroxy-3-methylglutaryl coenzyme A reductase in the rat. J. Nutr. 1983,
113, 855–859. [CrossRef] [PubMed]

30. Galvao, T.F.; Thees, M.; Pontes, R.F.; Silva, M.T.; Pereira, M.G. Zinc supplementation for treating diarrhea in
children: A systematic review and meta-analysis. Rev. Panam. Salud Publica 2013, 33, 370–377. [CrossRef]
[PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/ajcn/33.3.617
http://www.ncbi.nlm.nih.gov/pubmed/6766660
http://www.ncbi.nlm.nih.gov/pubmed/750160
http://dx.doi.org/10.1097/00005176-199210000-00010
http://www.ncbi.nlm.nih.gov/pubmed/1432467
http://dx.doi.org/10.1093/jn/113.4.855
http://www.ncbi.nlm.nih.gov/pubmed/6403680
http://dx.doi.org/10.1590/S1020-49892013000500009
http://www.ncbi.nlm.nih.gov/pubmed/23764669
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Study Design 
	Patients 
	Methods 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

