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Effects of zinc or synbiotic on the duration of diarrhea in children with
acute infectious diarrhea
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ABSTRACT

Background/Aims: Probiotic effects on acute infectious diarrhea are strain(s) specific, and all formulations
should be evaluated by clinical trials. We aimed to evaluate the effect of a synbiotic preparation on the duration
of diarrhea in children compared to a zinc suspension.

Materials and Methods: \We conducted a single-center, randomized, and controlled clinical trial in children
with acute infectious diarrhea. The first group received a synbiotic preparation containing Lactobacillus casei,
L. plantarum, L. rhamnosus, Bifidobacterium lactis and prebiotics; the second group received a zinc suspension
(15 mg/day) for 5 days in addition to oral rehydration solution (ORS) and/or intravenous therapy. The third group
received ORS and/or intravenous therapy (control group). The primary endpoint was the duration of diarrhea (in
hours). The secondary endpoint was the percentage of children with diarrhea during each day of intervention.

Results: The duration of diarrhea was significantly reduced in the synbiotic and the zinc groups compared
to the control group (91.0£28.9 hours vs. 114.3+£30.9 hours, p<0.001; 86.4+30.8 hours vs. 114.3+30.9 hours,
p<0.001, respectively). There was no significant difference in the duration of diarrhea between the synbiotic
and zinc groups (p>0.05). At 72" and 96" hours, the percentage of children with diarrhea was lower in the zinc
group than in the synbiotic group (p<0.05 for both).

Conclusion: Our study showed that zinc or synbiotic supplementation reduced the duration of diarrhea, with
better clinical outcomes at 72" and 96" hours, and both can be used in children with acute diarrhea. To the
best of our knowledge, this was the first study to make a comparison between zinc and synbiotics.

Keywords: Synbiotics, zinc, acute diarrhea, children

INTRODUCTION

Acute infectious diarrhea still remains a leading cause of
morbidity and hospitalization in developed countries,
and also a cause of mortality in low resource countries
(1,2). Recent clinical studies and guidelines proposed
some complementary therapies for acute infectious
diarrhea, such as zinc and probiotics, in addition to
the mainstay treatment with oral rehydration solution
(ORS) (3). There are contradictory results about the zinc
supplementation for acute infectious diarrhea during
childhood. The beneficial effects of zinc supplemen-
tation have been shown in children aged >6 months
in developing countries; however, current European
guidelines suggest that zinc supplementation has no
effect on acute diarrhea when zinc deficiency is rare
(4). Many randomized, controlled studies and well-con-

ducted meta-analyses are now available about the use
of probiotics for treatment of acute diarrhea; however,
the effects of probiotics on acute infectious diarrhea
are strain-specific (4-8). There are several studies about
the use of synbiotic preparations with different strains,
and all of these combinations should be evaluated for
their effectiveness (3,9-11). We aimed to evaluate the ef-
fect of synbiotic preparations (containing Lactobacillus
casei, Lactobacillus rhamnosus, Lactobacillus plantarum,
Bifidobacterium lactis, and prebiotics) and zinc on the
duration of diarrhea in children.

MATERIALS AND METHODS

We conducted a single-center, randomized, parallel
group, controlled, clinical trial in outpatient children (6—
120 months) with acute infectious diarrhea in Turkey.
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The study protocol was approved by the local ethical commit-
tee. Informed consent was obtained from all parents. Children
with severe dehydration and/or requiring intensive care unit
stay were excluded. Other exclusion criteria were the use of
antibiotics or probiotics up to 8 weeks before admission, mal-
nutrition, and chronic underlying diseases. All children were
randomly assigned to 3 interventions (synbiotic, zinc or control
group) according to a computer-generated randomization list.

The first group received synbiotic preparations (NBL Probiotic
ATP® sachet, Nobel Ilac, Turkey; one sachet per day) contain-
ing L. casei, L. rhamnosus, L. plantarum, B. lactis (4.5x10° CFU in
total), prebiotics such as fructose and galactooligosaccharides
and polydextrose (1996.57 mq), Vitamin C, Vitamin E, ribofla-
vin, pyridoxine, and thiamine for 5 days in addition to ORS with
or without intravenous therapy. The second group received a
zinc suspension (15 mg per day for 5 days, Berko ilag; Turkey) in
addition to ORS and/or intravenous therapy. The third group
(controls) received ORS and/or intravenous therapy only.

Upon admission, demographic and clinical findings (fever,
body weight, and degree of dehydration) of the patients were
recorded. A fluid/electrolyte replacement was performed us-
ing hypo-osmolar ORS based on the status of each patient. The
primary endpoint was the duration of diarrhea. The secondary
endpoint was the number of children with diarrhea at the third
day of intervention and each day of the five-day intervention.
Consistency and frequency of each stool were recorded. The
duration of diarrhea was defined as the time in hours from ad-
mission until cessation of diarrhea, which was defined as the
first normal stool. Stool evaluation was made according to the
Bristol score, where a score <5 was described as normal. The
forms were filled out by the parents.

Statistical Analysis

Statistical analysis was performed using the SPSS 16.0 software
(SPSS Inc; Chicago, IL, USA). Variables were evaluated for nor-
mal distribution, and comparisons were tested using a t-test
and x? or Fisher's exact tests as appropriate. Risk ratio and a
95% confidence interval were used for comparisons between
synbiotic group and controls, and zinc group and controls. Risk
difference and a 95% confidence interval were used for com-
parisons between the synbiotic group and the zinc group. Sta-
tistical significance was set at p<0.05.

RESULTS

The study included 165 children (55 in synbiotic group, 55 in
zinc group, and 55 in the control group). The mean age and sex
of the children in the synbiotic, zinc, and control groups were
similar (p>0.05) (Table 1). Presence of dehydration was similar
in all three groups. The duration of diarrhea was significantly
reduced (~24 hours) in the synbiotic group compared to the
control group (91.0+28.9 hours vs. 114.3+£30.9 hours, p<0.001,
respectively). The duration of diarrhea was significantly re-
duced (~28 hours) in the zinc group compared to the control
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group (86.4+30.8 hours vs. 114.3+30.9 hours, p<0.001, respec-
tively). No statistical significance was observed between the
synbiotic and zinc groups (91.0+28.9 hours vs. 86.4+30.8 hours,
p>0.05, respectively) (Table 1).

No effect on diarrhea was observed at 24" hours of synbiotic
intervention. The effects of synbiotics (diarrhea-free percent-
age of children) started to be observed by 48 hours (Table 2).
At Day 3, 61.8% of the children receiving synbiotics still had wa-
tery diarrhea while 83.6% of the controls had watery diarrhea
(p=0.01). At 96 and 120 hours of intervention, the diarrhea-free
percentage of children was still lower in the synbiotic group
than in the control group (p<0.01 for both) (Table 2).

The effects (diarrhea-free percentage of children) of the zinc
started to be observed at 48 hours of intervention (Table 3).
After 48 hours, 81.8% of the children receiving zinc still had wa-
tery diarrhea while it 98% of the children in the control group
still had watery diarrhea (p=0.01). After 72, 96, and 120 hours,
the number of children receiving zinc who still had watery di-
arrhea was significantly lower compared to the control group
(p<0.01 for all groups).

The effect of synbiotics and zinc was similar at 24 and 48 hours
of intervention (p>0.05) (Table 4). At 72 hours, 45.4% of children
receiving zinc still had watery diarrhea, which was significantly
lower than in the synbiotic group with 61.8%, (p<0.05). At 96
hours of intervention, the percentage of children with diarrhea
was lower in the zinc group compared to the synbiotic group
(p<0.05). There was no difference in the percentage of diarrhea-
free children between the zinc and probiotic groups (p>0.05).

Table 1. Demographic findings and duration of diarrhea in the study
groups

Synbiotic group  Zincgroup  Controls
(n=55) (n=55) (n=55)
Age (months) 364+32.7 549+443°>  495+376
Sex (Girls/Boys) 24/31 28/27 28/27
Duration of diarrhea (hours) 910+289° 86443080  114.3+£309

*Values of age, duration of diarrhea, and length of hospital/ER stay are expressed as mean=SD.
2p<0.001; synbiotic vs. control group. °p<0.001; zinc vs. control group

Table 2. Percentage of children with diarrhea at Day 3 and Day 5 in the
synbiotic and control groups

Synbiotic group  Control group

(n=55) (n=55) RR (95% CI) p
24" hour 54/55 (98.1%) 55/55 (100%) 098(093-1.03) p>005
48" hour 45/55 (81.8%) 54/55(98.1%)  083(0.73-095) p<001
72" hour 34/55 (61.8%) 46/55(836%)  074(058-094) p=001
96" hour 15/55 (27.2%) 30/55(545%)  050(030-082) p<001
120" hour 4/55 (7.2%) 16/55 (29%) 025(009-070)  p<001

RR: relative risk; Cl: confidence interval
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Table 3. Percentage of children with diarrhea at Day 3 and Day 5 in the
zinc and control groups

Zinc group Control group
(n=55) (n=55) RR (95% CI) p
24 hour 55/55 (100%) 55/55 (100%) 1.00(097-104)  p>005
48" hour 46/55(83.6%)  54/55(98.1%) 085(0.75-096)  p=001
72" hour 25/55(454%)  46/55 (83.6%) 054 (040-0.74)  p<0.001
96™ hour 8/55 (14.5%) 30/55 (54.5%) 027(0.13-053)  p<0.001
120™ hour 6/55 (10.9%) 16/55 (29%) 038(0.16-089)  p<0.05

RR: relative risk; Cl: confidence interval

Table 4. Percentage of children with diarrhea at Day 3 and Day 5 in the
synbiotic and zinc groups

Synbiotic group  Zinc group Risk difference
(n=55) (n=55) (95% CI) p
24 hour 54/55 (98.1%) 55/55(100%)  -002 (-007-003)  p>005
48" hour  45/55(81.8%) 46/5583.6%) -002(-016-0.12)  p>005
72%hour  34/55 (61.8%) 25/55(454%)  0.16(-002-035)  p<0.05
96" hour 15/55 (27.2%) 8/55 (14.5%) 0.13(-002-028)  p<0.05
120" hour 4755 (7.2%) 6/55(109%)  -004(-0.14-007) p>005

Cl: confidence interval

DISCUSSION

The initial therapy recommended for acute diarrhea is treat-
ment with oral fluids and use of ORS (4). However, ORS nei-
ther reduces the frequency of fluid loss or bowel movements
nor shortens the duration of diarrhea; therefore, further ad-
junctive therapy options have been extensively studied (3).
In the present study, the synbiotic formulation reduced the
duration of diarrhea for approximately 24 hours, with a simi-
lar efficacy to other clinical studies and guidelines related to
other probiotic strains (3,4,8,12). Our study was the first to
evaluate the effect of synbiotic preparations containing L.
casei, L. plantarum L. rhamnosus, and B. lactis. These are well-
known and commonly studied bacterial strains as probiotics
for different clinical conditions; however, probiotic effects on
acute infectious diarrhea are strain(s) specific, and all formula-
tions should be evaluated by clinical trials (4). In the present
study, the effects of synbiotic preparations started to be ob-
served at 48 hours; and at 96 hours of intervention, the per-
centage of diarrhea-free children was 73% while it was 45% in
the control group. Our previous study with another synbiotic
preparation containing L. rhamnosus L. acidophilus, B. bifidum,
B. longum, Enterococcus faecium (2.5x10° CFU in total of live
bacteria daily) and 625 mg fructooligosaccharide for 5 days
had also shown significant reduction in the duration of di-
arrhea. The duration was reduced approximately 36 hours in
children with acute infectious diarrhea, and the effects were
visible after 24" hours, with a better outcome at 48 and 72
hours of intervention (9). Two studies conducted in Belgium
(11) (Streptococcus thermophilus, L. rhamnosus, L acidophilus,
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B. lactis, B. infantis, and fructooligosaccharide) and Italy (10)
(Lactobacillus paracasei B21060 with arabinogalactan and xy-
looligosaccharides) (4) also showed promising results related
to the effects of synbiotics on acute infectious diarrhea. Cur-
rent ESPID/ESPGHAN guidelines does not recommend any of
the studied synbiotics (each combination with only one clini-
cal study) until further confirmatory studies are available (4).
For strong recommendation, further studies are needed for
the same synbiotic preparations in different clinical settings.

Many studies have reported on the efficacy of zinc for treat-
ment of acute diarrhea during childhood, and contradictory re-
sults have been published concerning the geographical region
and age (3, 4). Zinc deficiency is a major determinant factor of
immunity and low weight in developing countries, and both
are related with the duration of diarrhea (13-15). The adminis-
tration of zinc was shown to reduce the duration of the diarrhea
as well as frequency and amount of the stool in randomized
controlled trials and reviews (16-18). The World Health Orga-
nization recommends routine use of zinc supplementation, at
a dosage of 20 mg per day for children older than six months.
In our study, we preferred to use a standard dose of 15 mg per
day with a liquid formulation. The duration of diarrhea was sig-
nificantly reduced in the zinc group compared to the control
group (approximately 28 hours). The effect of the zinc prepara-
tion started to be observed at 48 hours of intervention. At 72
and 96 hours, the zinc group had less diarrhea compared to
the control group (45% vs. 86%, respectively). A meta-analysis
(including 18 clinical trials with 6165 participants) showed that
zinc supplementation resulted in a shorter diarrhea duration
in acute diarrhea, and less diarrhea at Day 3 and Day 5, similar
to our results (17). In contrast to other studies, a recently made
double-blind randomized study about zinc supplementation
for acute diarrhea in Switzerland showed that zinc treatment
decreases the frequency and severity of diarrhea in children
aged 2 months to 5 years old, but not the duration of diarrhea
(20). In developing countries, zinc supplementation might be
useful in the treatment of acute diarrhea for children older than
6 months. However, no benefit from the use of zinc was docu-
mented in regions where zinc deficiency is rare (4).

We found no significant difference between the synbiotic and
zinc groups (91.0+28.9 hours vs. 86.4430.8 hours); however, it
seems that zinc supplementation had a faster effect than the
synbiotic supplementation, and the percentage of diarrhea-
free children was significantly higher in the zinc group than in
the synbiotic group at 72 and 96 hours of intervention. By the
fifth day, the significance between the two groups disappeared.
There was also no significant difference between the synbiotic
and zinc groups in the duration of diarrhea (91.0+£28.9 hours vs.
86.4+30.8 hours, respectively). To our knowledge, this was the
first study to make a comparison between zinc and synbiotics.
Further studies with larger cohorts are required to clarify the ef-
fect of zinc and/or synbiotics on fecal microbiota composition
in children with acute diarrhea.
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Our study had some limitations. We did not perform a stool
analysis for etiological causes of acute infectious diarrhea, and
had no chance to evaluate the effects of zinc or synbiotics on
different etiological causes of diarrhea. This study was not a
placebo-controlled study. Despite randomization of three in-
terventions, the children in the zinc group were found to be
older than the other groups, and we had no chance to evaluate
the age-specific effects of zinc on the duration of diarrhea.

In children with acute diarrhea, our study showed that zinc or
synbiotic supplementation reduced the duration of diarrhea.
Children receiving zinc or synbiotics were more likely to be
diarrhea-free after the first 48 hours of intervention, with better
outcomes at 72 and 96 hours. Zinc or synbiotic preparations
containing Lactobacillus rhamnosus, Lactobacillus casei, Lacto-
bacillus plantarum, Bifidobacterium lactis, and prebiotics may be
used in children with acute diarrhea.
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