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Background: If acute diarrhea in children is not treated promptly and effectively, it can lead to severe
dehydration and serious sequelae. Due to the imbalance of intestinal bacteria in children with acute diarrhea,
the supplementation with probiotics is important, which can improve the intestinal microenvironment,
promote immunity, and enhance resistance. This meta-analysis provides further evidence and discussion of
the therapeutic effect of probiotics on acute diarrhea in children.

Methods: MEDLINE, EMBASE, PubMed, and the Cochrane Library databases were searched by rapid
matching. The input keywords were as follows: (probiotics/synbiotics) and (child/children) and (acute
diarrhea/acute gastroenteritis). Articles reporting on randomized controlled trials (RCTS) of probiotics in
treating acute diarrhea in children were retrieved. The studies were published from 2010 to 2020. After
screening and quality evaluation, Stata 16.0 software was used for the analysis.

Results: Twelve articles with 744 patients were included in the study, and the overall quality of the articles
was excellent. Meta-analysis showed that the duration of diarrhea in the probiotics group was shorter than
that in the control group [standard mean difference (SMD) =-0.74, 95% CI: -1.11 to -0.37, Z=-3.935,
P=0.000], the 2-day treatment efficacy for diarrhea in the probiotics group was greater than that in the
control group [odds ratio (OR) =2.12, 95% CI: 1.47-3.05, Z=3.998, P=0.000], and the length of hospital
stay in the probiotics group was shorter than that of the control group (SMD =-0.60, 95% CI: -0.74
to -0.47, Z=-8.781, P=0.000). In the subgroup analysis, combined probiotics shortened the duration of
diarrhea compared with single probiotic use, and Lactobacillus reuteri and Saccharomyces boulardii had a better
therapeutic effect than Lactobacillus rhamnosus or Lactobacillus acidophilus.

Discussion: In the treatment of acute diarrhea in children, the addition of probiotics can shorten the
duration of diarrhea, increase treatment efficacy after 2 days of treatment, and shorten the length of hospital
stay. However, because of possible publication bias in the current study, further high-quality RCT studies in

clinical settings are needed to verify the current results and continue the exploration of this topic.
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Introduction
Background

In children, acute diarrhea is the second most common
disease after respiratory tract infection. The course of
the disease is less than 2 weeks. It is caused by a variety of
factors and a variety of pathogens. Diarrhea is characterized
by increased stool frequency and changes in stool
consistency and is often accompanied by fever, vomiting,
and electrolyte and pH imbalances (1). The disease is
prevalent worldwide, especially in developing countries.
In some African countries, 15% of children under 5 years
die of acute diarrhea (2). If acute diarrhea in children is
not treated promptly and effectively, it can lead to severe
dehydration and serious sequelae, such as hemolytic
uremic syndrome, Guillain-Barre syndrome, malnutrition,
and dysplasia, and ultimately can be life-threatening.
Viruses (mainly rotavirus) and bacteria (pathogenic E. co/i,
Salmonella, Staphylococcus aureus, etc.) are the most common
triggering factors for acute diarrhea and are related to poor
local environmental sanitation, poor personal hygiene, and
unsafe water supplies, other causative factors are the overuse
of antibiotics resulting in bacterial intestinal disorders, allergy,
inappropriate diet, poor air quality, and climatic factors (3).

Normal intestinal bacteria in the human body regulate
immunity and promote nutrient absorption, play an
essential role in protecting the ordinary function of the
intestinal barrier, but the intestinal bacteria in children
with diarrhea are in a state of imbalance and disorders
of the composition of gut flora can be observed, of all
cases rotavirus accounts for more than 80% , and the
infection and colonization of rotavirus in the intestine
can significantly decrease the amount of Lactobacillus,
Bifidobacterium, and Enterococcus in the intestine (4).
Probiotics are a kind of active microorganisms beneficial
to the host by colonizing in the human body and changing
the composition of flora in specific parts of the host (such
as intestine), which could promoting the reproduction and
growth of beneficial intestinal flora, enhancing the ability to
resist external pathogenic bacteria, improving the intestinal
microenvironment, and promoting increased immunity
and resistance (5). We present the following article in
accordance with the PRISMA reporting checklist (available
at https://dx.doi.org/10.21037/tp-21-511).

Purpose

Numerous randomized controlled trials (RCTs) have
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explored the therapeutic effect of probiotics on acute
diarrhea in clinical practice. In a previous meta-analysis (6),
the researchers included 20 RCT studies of 2,752 children.
The utility of single probiotics and synbiotics (prebiotics
and probiotics) was analyzed. The study reported that the
addition of probiotics reduced the duration of diarrhea
and stool frequency during treatment and accelerated
improvements in vomiting, fever, and other symptoms.
However, the literatures included in the study was older
and generally of low quality, with no separate analysis of
the efficacy of single probiotic use. In the current meta-
analysis, 12 high-quality RCT articles were included to
investigate the efficacy of probiotics and explore the source
of heterogeneity in groups (by country and by species type)
to provide more comprehensive evidence for the use of
probiotics.

Methods

Inclusion criteria for studies

Study type

All studies were single-center or multi-center RCTs
published in the past decade (January 2010 to September
2020). We only included English literatures because we
believe that English is more logical and rigorous than other
languages.

Participants

All participants were children over 6 months of age and
under 10 years of age who had acute diarrhea. Children
were included if the duration of diarrhea had lasted 3 days,
the changes in stool frequency and consistency met the
definition of acute diarrhea, there was thinning of stool
consistency, and there were more than three watery stools
within 24 hours. Children with malnutrition, bloody stools,
meningitis, sepsis, or pneumonia infections were excluded,
as well as those whose diarrhea was caused by antibiotic use
or who had used antibiotics as the primary treatment.

Description of interventions

Studies were required to include a comparison of two
groups of patients (experimental and control groups)
where both groups of patients were given basic supportive
treatment, such as oral rehydration solution and zinc
supplementation, but the experimental group was
additionally given probiotic additives, including single
probiotics or combined probiotics and synbiotics.
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Outcome indicators

(I) Main indicators: these included the duration of
diarrhea, the 2-day efficacy of treatment rate, and the
length of hospital stay.

(II) Secondary indicators: any adverse effects.

(IIT) Indicators not analyzed: due to data inconsistency, some
outcome indicators were not included in the final analysis,
such as stool frequency after the intervention, stool
characteristic scores (due to different scoring methods
used in the studies), viral clearance rates, changes in serum
IgA content, duration of vomiting, duration of fever, and
recurrence rate.

Exclusion criteria for studies

All studies that focused on adults rather than children
were excluded, as were reviews, individual cases, and meta-
analyses that did not contain complete study protocols.

Search strategy

Computer search

The databases MEDLINE (January 2010 to September

2020), EMBASE (2010 to August 2021), PubMed (2010

to August 2021), and the Cochrane Library (August 2020)

were searched using the following keywords:
(probiotics/synbiotics) and (child/children) and (acute

diarrhea/acute gastroenteritis).

Search of other sources

The ClinicalTrials.gov website was searched for studies
related to probiotics in the treatment of acute diarrhea in
children.

Literature screening

Two researchers independently screened the selected
studies by reading the titles and abstracts and excluded
duplicate or unqualified articles. If there was a difference of
opinion between the two researchers, a third researcher was
consulted to resolve the disagreement.

Data extraction

"Two researchers independently extracted the data and used
Endnote Version X9 to assist in data storage and tracking.
The extracted contents included:
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(I) The basic information of the studies, including
title, author, mailing address, name of publication,
and publication time.

(I) The characteristics of the intervention, including
grouping, number of groups, grouping method,
number of samples in each group, and intervention
method.

(III) The characteristics of the participants, including
age, gender ratio, mean age, duration of diarrhea
before treatment, body temperature, abdominal
pain, and vomiting symptoms.

(IV) The outcome assessments, including treatment
time, observation time, stool characteristics
assessment, primary outcome indicator data, and
secondary outcome indicator data.

Literature bias

Two researchers assessed the risk of bias in the RCT studies
based on the six dimensions defined in the Cochrane
Handbook for Systematic Reviews of Interventions (7),
where “high”, “unclear”, or “low” ratings indicated the risk
of bias. The quality of the studies ranks as: Level A, all the
six dimensions show low risk of bias; Level B, one or more
dimentions show unclear risk of bias; Level C, one or more
dimentions show high risk of bias.

Measurement of treatment efficacy

Binary variables (e.g., the treatment efficacy rate of diarrhea
and the incidence of adverse reactions) were assessed
using risk ratio (RR) and 95% confidence intervals (CI).
Continuous variables (e.g., the duration of diarrhea and
length of hospital stay) were assessed using the standard
mean difference (SMD) and 95% CI.

Handling of data loss

If there were missing or unclear data in any of the studies,
the original author was contacted to obtain the data. If the
data could not be obtained, the study was excluded.

Measurement of heterogeneity

The I’ statistic and Q test were used to measure the degree
of heterogeneity. An I’ value >50% or a P value <0.1
indicated statistically significant heterogeneity.
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Identification of studies via other methods

c Records identified from (n=597): Records removed before screening: o
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E Studies included in review
ko]
% (n=12) _
£ Reports of included studies B
(n=12)

Figure 1 Literature screening flow chart. RCT, randomized controlled trial.

Publication bias analysis

Funnel plots were used to represent publication bias.

Statistical analysis

Stata 16.0 software (StataCorp, TX, USA) was used as the
analysis tool for this study, with results presented as forest plots.

Heterogeneity investigation and grouping

Heterogeneity was investigated by analyzing subgroups to
examine the effect of different geographical regions and
probiotic intervention methods on the results. If the source
of the heterogeneity was not identified, a general descriptive
analysis was performed.

Sensitivity analysis
Sensitivity analyses were performed using the sensitivity

analysis tool provided by Stata 16.0.
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Results
Literature search results

Figure 1 shows the results of the literature search and the
screening process.

Basic characteristics of the included RCTs

Twelve articles (8-19) with 744 patients were included in the
current meta-analysis and were published between 2010 and
2020. Three studies (12,15,17) used combined probiotics
for the treatment method, with 2-5 collective probiotic
species. The remaining studies used a single probiotic, such
as Lactobacillus reuteri, Lactobacillus rbammnosus, Lactobacillus
casei, Saccharomyces cerevisine, and Lactobacillus acidophilus, as
shown in Table 1.

Risk-of-bias assessment for included studies

The Cochrane Handbook for Systematic Reviews of
Interventions was used to evaluate the included studies. All
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Table 1 Basic study characteristics, subjects, intervention methods, and outcome indicators of included RCTs

Huang et al. A meta-analysis of efficacy of probiotics for acute diarrhea

Al Number of t
Author Study type Location 9e, Group urT1 ero Gender (M:F) Intervention methods .Ou.come
years subjects indicators
Dinleyici EC 2015, (8) Multicenter, randomized,  Turkey 3-5 E 29 20:9 (Lactobacillus reuteri DSM 17938) + (@)(b)
single-blinded, case- ORS
control clinical trial
(¢} 31 22:9 ORS (@)(b)
Maragkoudaki M Randomized, double-blind, Greece  0.5-3 E 28 21:7 (Lactobacillus reuteri DSM 17938) +
2018, (9) placebo-controlled trial ORS + Zinc
(¢} 23 16:5 ORS + Zinc
Sindhu KN 2014, (10) Randomized, double-blind, India 055 E 65 42:23 Lactobacillus rhamnosus GG @
placebo-controlled trial
(¢} 59 34:25 Placebo
Lai HH 2019, (11) Randomized, case- Taiwan 0.5-6 E 42 24:18 Lactobacillus casei variety (b)
controlled study
(¢} 39 22:17 Placebo
Freedman SB Randomized, double-blind, Canada 3-6 E 440 243:197 L. rhamnosus R0011 and L. helveticus (a)(c)
2018, (12) placebo-controlled trial R0052
437 252:185 Placebo
Mourey F 2020, (13) Multicenter, randomized, India 0.5-6 49 23:26 S. boulardii CNCM 1-3799 (@)(b)(c)
single-blinded, case-
- . C 51 23:28 Placebo
control clinical trial
Hong Chau TT Randomized, double-blind, Vietham 0.5-5 E 150 101:49 Lactobacillus acidophilus (a)(d)
2018, (14) placebo-controlled trial
(¢} 150 98:52 Placebo
Dinleyici EC Single-blinded randomized Turkey 0.5-10 E 113 70:43 Synbiotic: Lactobacillus acidophilus, (a)(d)
2013, (15) study Lactobacillus rhamnosus,
Bifidobacterium bifidum,
Bifidobacterium longum, Enterococcus
faecium
(¢} 96 46:50 Placebo
Riaz M 2012, (16) Double-blind, randomized India 0.5-5 E 54 32:22 Saccharomyces boullardi (@)
controlled trial
C 54 30:24 Placebo
Chen K 2020, (17) Multicenter, randomized,  China 1-3 E 96 45:51 B. lactis Bi-07, L. rhamnosus HNOO1, (@)(b)(d)
open-label, parallel-group, and L. acidophilus NCFM
controlled
(¢} 98 51:47 Placebo
Corréa NB 2011, (18) Double-blind, placebo- Brazil 054 E 90 47:43 S boulardlii (b)
controlled study
(¢} 86 51:35 Placebo
Aggarwal SM Double-blind, randomized, India 055 E 100 57:43 Lactobacillus rhamnosus GG (@)(b)(d)
2014, (19) placebo-controlled trial
(¢} 100 52:48 Placebo

Indicators: (a) duration of diarrhea; (b) 2-day treatment efficacy rate of diarrhea; (c) adverse events; (d) hospitalization days. RCT, randomized controlled trial; E,
experiment; C, control; DSM, Deutsche Sammlung von Mikroorganismen und Zellkulturen; ORS, oral rehydration solution; GG, first letters of the surnames of
the founder Sherwood Gorbach and Barry Goldin.
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Study Ran;ic;nmersaet?s:nce Claisi:jf:ﬁgtion Blind method Data integrity 22:2?:; Other bias  Quality
Dinleyici EC 2015, (8) Low Low Low (single-blind) Low Low Low A
Maragkoudaki M 2018, (9) Low Low Low (double blind) Low Low Low A
Sindhu KN 2014, (10) Low Low Low (double blind) Low Low Low A
Lai HH 2019, (11) Low Low Low (single-blind) Low Low Low A
Freedman SB 2018, (12) Low Low Low (double blind) Low Low Low A
Mourey F 2020, (13) Low Low Low (single-blind) Low Low Low A
Hong Chau TT 2018, (14) Low Low Low (single-blind) Low Low Low A
Dinleyici EC 2013, (15) Low Unclear Low (double blind) Low Low Low B
Riaz M 2012, (16) Low Low Low (single-blind) Low Low Low A
Chen K 2020, (17) Low Low Low (single-blind) Low Low Low A
Corréa NB 2011, (18) Low Low Low (double blind) Low Low Low A
Aggarwal SM 2014, (19) Low Low Low (double blind) Low Low Low A

studies mentioned randomized sequence grouping. Only
one study (15) failed to mention allocation concealment.
All studies reported the blinding method (single-blind or
double-blind) and whether blinding was used to evaluate
results. The drop-out cases were described in detail. No
selective report or other bias was found. The overall quality
was excellent, as shown in Table 2.

Analysis of intervention effects

Duration of diarrhea (hours)

The meta-analysis showed that the duration of diarrhea in
the probiotics group was shorter than that in the control
group (SMD =-0.74, 95% CI: -1.11 to -0.37, Z=-3.935,
P=0.000). As heterogeneity was identified amongst the
articles (I'=93.4%, P=0.000), the analysis used a random
effects model (Figure 2).

The 2-day treatment efficacy rate for diarrhea (%)

Six articles (8,9,11,13,18,19) reported changes in diarrhea
in children 2 days after the treatment intervention, and
the 2-day treatment efficacy rate for diarrhea in the
probiotics group was greater than in the control group (OR
=2.12, 95% CI: 1.47-3.05, Z=3.998, P=0.000). Statistical
heterogeneity was evident between the articles (I'=46.6%,
P=0.096) (Figure 3).

© Translational Pediatrics. All rights reserved.

Hospitalization (days)

Four articles (14,15,17,19) reported comparisons in the
length of hospital stay for children following treatment
intervention. The length of hospital stay in the probiotics
group was shorter than that of the control group (SMD
=-0.60, 95% CI: -0.74 to -0.47, Z=-8.781, P=0.000).
Statistical heterogeneity was evident between the studies

(*=91.1%, P=0.000) (Figure 4).

Subgroup analysis

In the duration of diarrhea analysis, patients were further
divided into three subgroups according to region: a
European group (SMD =-0.80, 95% CI: -1.19 to -0.42,
Z=-4.061, P=0.000), an Asian group (SMD =-0.84, 95%
CI: -1.40 to -0.27, Z=-2.901, P=0.004), and an American
group (SMD =-0.15, 95% CI: ~0.29 to ~0.02, Z=-2.284,
P=0.022). The results from the three subgroups showed that
probiotics significantly reduced the duration of diarrhea
symptoms in children. However, heterogeneity within the
subgroups also existed, which suggested that the source of
heterogeneity was not related to the region where the study
was conducted (Figure 5).

The patients were further divided into two subgroups:
single probiotics and synbiotics. As shown in Figure 6, the
effect size for single probiotics was SMD =-0.69, 95% CI:

Transl Pediatr 2021;10(12):3248-3260 | https://dx.doi.org/10.21037/tp-21-511
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%

Study Effect (95% CI) Weight
Dinleyici EC 2015[8] —b— -0.69 (-1.21, -0.16) 9.09
Maragkoudaki M 2018[9] — -0.46 (-1.02, 0.09) 8.85
Sindhu KN 2014 [10] E —— -0.08 (-0.43, 0.28) 10.09
Freedman SB 2018[12] E - -0.15 (-0.29, -0.02) 10.97
Mourey F 2020[13] —_— : -1.95 (-2.43, -1.47) 9.37
Hong Chau TT 2018[14] : —4— 0.00 (-0.23, 0.23) 10.68
Dinleyici EC 2013[15] Ce 1.08(-1.38,-0.79)  10.40
Riaz M 2012[16] — -1.01 (-1.41, -0.60) 9.83
Chen K 2020[17] — 1.32(-163,-1.01) 1031
Aggarwal S M 2014[19] —— -0.76 (-1.05, -0.48) 10.42
Overall, DL (I’ = 93.4%, p = 0.000) <> -0.74 (1.11,-0.37)  100.00
T T
-2 0 2
NOTE: Weights are from random-effects model
Figure 2 Effect of probiotic treatment on duration of diarrhea.

Odds Ratio %
Study (95% Cl) Weight
Dinleyici EC 2015(8] - 4.28 (1.28, 14.30) 7.08
Maragkoudaki M 2018[9] —_— 0.82 (0.29, 2.31) 19.27
Lai HH 2019[11] ——03— 2.01(0.70, 5.81) 12.31
Mourey F 2020[13] — 4.16 (0.84, 20.59) 435
Corréa NB 2011[18] —5—+— 3.25(1.70, 6.21) 27.25
Aggarwal S M 2014[19] — e 1.14 (0.53, 2.47) 29.74
Overall, MH (I = 46.6%, p = 0.096) <> 212 (1.47, 3.05) 100.00

T T
.0625 1 16

NOTE: Weights are from Mantel-Haenszel model

Figure 3 Effect of probiotic treatment on the 2-day treatment efficacy rate for diarrhea.

-1.17 to -0.220, Z=-2.867, P=0.006, while the effect size
for combined probiotics was SMD =-0.84, 95% CI: -1.65
to -0.04, Z=-2.059, P=0.040. Heterogeneity remained
in the two subgroups, suggesting that the intervention
methods of combined probiotics or single probiotics were
not the source of the heterogeneity; the effect size of the
combined probiotics was less than that of probiotics alone,
suggesting that the treatment effect of combined probiotics
was superior, but this result will require further verification
with larger sample sizes.

The single probiotics were further divided into four
subgroups with the following effect sizes: Lactobacillus reuteri
(SMD =-0.58, 95% CI: -0.96 to -0.20, Z=-2.995, P=0.003),
Lactobacillus rhammnosus (1LGG) (SMD =-0.43, 95% CI: -1.10
to 0.25, Z=-1.244, P=0.213), Saccharomyces boulardi (SMD
=-1.28, 95% CI: -2.58 to -0.01, Z=-3.108, P=0.002), and
Lactobacillus acidophilus (SMD =0, 95% CI: -0.23 to 0.23,
7=0.000, P=1.000). These results suggest that the treatment
effect of L. rhammosus and L. acidophilus was not statistically
significant, while the treatment effect of L. reuteri and S.
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%

Study Effect (95% CI) Weight
Hong Chau TT 2018[14] i —— -0.18 (-0.41, 0.04) 35.33
Dinleyici EC 2013[15] —E—O— -0.45 (-0.73, -0.18) 23.94
Chen K 2020[17] —O—i -0.92 (-1.22, -0.62) 20.73
Aggarwal S M 2014[19] —_— i -1.20 (-1.50, -0.90) 20.01
Overall, IV (I = 91.1%, p = 0.000) 0 -0.60 (-0.74, -0.47) 100.00

T T

2 0 2

Figure 4 Effect of probiotic therapy on the length of hospital stay.

%

Location and Study Effect (95% ClI) Weight
Europe
Dinleyici EC 2015[8] — -0.69 (-1.21, -0.16) 9.09
Maragkoudaki M 2018[9] —':'—0—- -0.46 (-1.02, 0.09) 8.85
Dinleyici EC 2013[15] — -1.08 (-1.38,-0.79)  10.40
Subgroup, DL (I* = 56.7%, p = 0.104) <}> -0.80 (-1.19,-0.42) 28.34
1
!
Asia :
Sindhu KN 2014 [10] | —— -0.08 (-0.43,0.28)  10.09
Mourey F 2020[13] _— : -1.95 (-2.43, -1.47) 9.37
Hong Chau TT 2018[14] E —— 0.00 (-0.23, 0.23) 10.68
Riaz M 2012[16] —_— -1.01 (-1.41, -0.60) 9.83
Chen K 2020[17] —— -1.32 (-1.63,-1.01)  10.31
Aggarwal S M 2014[19] —QI— -0.76 (-1.05,-0.48)  10.42
Subgroup, DL (I* = 94.5%, p = 0.000) <> -0.84 (-1.40,-0.27)  60.69
|
America :
Freedman SB 2018[12] E - -0.15(-0.29,-0.02)  10.97
Subgroup, DL (I = 100.0%, p = .) : O -0.15(-0.29,-0.02)  10.97
1
1
1
1

Heterogeneity between groups: p = 0.001
Overall, DL (I* = 93.4%, p = 0.000) <> -0.74 (-1.11,-0.37) 100.00

I I
-2 0 2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 5 Analysis of the effect of probiotics on the duration of diarrhea by location.
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Intervention and Study

single

Dinleyici EC 2015[8]
Maragkoudaki M 2018[9]
Sindhu KN 2014 [10]
Mourey F 2020[13]
Hong Chau TT 2018[14]
Riaz M 2012[16]
Aggarwal S M 2014[19]
Subgroup, DL (I = 91.4%, p = 0.000)

|
combine E
Freedman SB 2018[12] N -
Dinleyici EC 2013[15] +
Chen K 2020[17] —

Subgroup, DL (I2 =97.0%, p = 0.000)

Heterogeneity between groups: p = 0.752
Overall, DL (I2 =93.4%, p = 0.000)

%
Effect (95% CI) Weight

-0.69 (-1.21, -0.16) 9.09
-0.46 (-1.02, 0.09) 8.85

— -0.08 (-0.43, 0.28) 10.09

-1.95 (-2.43, -1.47) 9.37
0.00 (-0.23, 0.23) 10.68
-1.01 (-1.41, -0.60) 9.83
-0.76 (-1.05, -0.48) 10.42
-0.69 (-1.17,-0.22)  68.32

-0.15 (-0.29, -0.02) 10.97
-1.08 (-1.38, -0.79) 10.40
-1.32 (-1.63, -1.01) 10.31
-0.84 (-1.65,-0.04)  31.68

-0.74 (-1.11,-0.37)  100.00

T
-2

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Figure 6 Analysis of the effect of probiotics on the duration of diarrhea according to whether probiotics were combined.

boulardii was statistically significant (Figure 7).

Safety analysis

None of the 12 included articles reported serious adverse
effects that were significantly related to the intervention

method.

Sensitivity analysis

The sensitivity analysis showed that the study results of 10
articles had similar distributions on both sides and good
stability, as shown in Figure §.

Analysis of publication bias

The funnel plot of the analysis of diarrhea rate indicators
after 2 days of treatment showed that the left and right
distributions of the six articles were asymmetric, suggesting
that there may be publication bias, as shown in Figure 9.
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Discussion

The results of this meta-analysis showed that the addition
of probiotics to the basic treatment of acute diarrhea in
children shortened the duration of diarrhea and the length
of hospital stay. These findings are consistent with the
results of the study by Di and Gai (20). The novel finding
of this study arose from our analysis contained the 2-day
treatment effects, which showed that the severity of diarrhea
in patients who had received probiotics was significantly
reduced after 2 days of treatment. Our results revealed that
probiotics can improve therapeutic efficacy and shorten
the treatment time. One study (8) included in the current
meta-analysis reported that after 5 days of treatment,
diarrhea in both the experimental and control groups was
0%, indicating complete resolution of acute diarrhea in
both groups. This suggests that the addition of probiotics
did not enhance basic treatment (nutritional therapy,
water, and electrolyte supplementation) in terms of the
final overall clinical cure rate. However, probiotics indeed
were shown to accelerate the rate of diarrhea recovery and
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Figure 9 Funnel plot analysis of efficacy rate.

shorten the treatment time, which remains an important
factor in reducing children’s pain caused by diarrhea. In this
study, the improvements in stool frequency and vomiting
symptoms following treatment were not analyzed due to
inconsistent reporting in the included RCTs. These two
issues have been addressed in a previous meta-analysis (21).
Improvements in abdominal pain symptoms following
probiotic use should be the focus of future RCT studies to
further clarify the role of probiotics in reducing children’s
pain. A study by Phavichitr et 4/ (22) also pointed out that
probiotics can shorten the length of hospital stay and thus
reduce medical costs for children, but this issue was not
addressed explicitly in the current study.

In this meta-analysis, the RCTs were grouped to
explore the source of heterogeneity. However, statistically
significant heterogeneity remained whenever the studies
were grouped by region or by type of probiotic. The
source of heterogeneity might be related to a mixture of
multiple factors, such as patient ethnicity, age, gender (23),
onset time, and severity of the disease. Although there
was heterogeneity among the studies, the random-
effects model analysis showed that probiotics have the
same efficacy regardless of ethnicity or geographical
location. After dividing the studies into two subgroups
according to whether patients received single probiotics
or synbiotics, the results showed that the effect size of
combining probiotics to shorten the duration of diarrhea
was smaller than that for single probiotic use, suggesting
that the therapeutic effect of combining probiotics was
superior. However, the efficacy of both needs to be verified
by further RCT studies. After grouping the studies by

© Translational Pediatrics. All rights reserved.

individual probiotic species, the results showed that the
treatment effects of L. rbammnosus and L. acidophilus were
not statistically significant, while the treatment effects
of L. reuteri and S. cerevisiae boulardii were statistically
significant. One study (24) reported that the use of single
Lactobacillus rhamnosus had no significant effect on the
treatment of acute enteritis in children; another study (25)
reported that Lactobacillus reuteri improved the length
of hospital stay but had no significant improvement in
diarrhea symptoms compared with placebo. This suggests
that the use of single probiotics has limited efficacy, while
the use of combined probiotics is more helpful for the
recovery of the gut microbial environment. One RCT
included in this study used a combination of Lactobacillus
rhammnosus and Lactobacillus reuteri (12), another used the
mixed probiotics Lactobacillus acidophilus, Lactobacillus
rbammnosus, Bifidobacterium bifidum, Bifidobacterium longum,
and Enterococcus faecium (15), and a further study used a
combination of Bifidobacterium lactis, Lactobacillus rhammnosus,
and Lactobacillus acidophilus (17), all of which achieved better
efficacy than single probiotic use.

In this meta-analysis, 12 RCT studies were included,
all published in the last decade [2010-2020]. We excluded
studies with confounded treatment methods, such as
combined treatment with probiotics and yogurt (26), or
studies with ineligible study subjects, such as Ugandan
children with severe malnutrition (27,28). In the risk-of-
bias analysis, all studies described the random sequence
generation and blinding method in detail, and only one
study failed to describe the allocation concealment (15).
All studies provided detailed descriptions of drop-out
cases during follow-up, so the risk of bias was small, and
the quality of all studies was high. The sensitivity analysis
showed stable results, but the publication bias analysis
showed an uneven distribution on both sides, suggesting
possible publication bias. It should be noted that in a
double-blind, randomized trial by Hegar et a/. (29),
probiotic food supplements did not shorten the duration of
acute infectious diarrhea compared with oral rehydration
and zinc. This result suggests that some studies may be
biased in their reporting and may potentially exaggerate the
efficacy of probiotics. Therefore, more RCT studies with
well-matched baseline data for patients should be included
in clinical practice to explore this topic further.

Conclusions

In summary, the addition of probiotics in the treatment
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of acute diarrhea in children can shorten the duration
of diarrhea, increase the therapeutic effect after 2 days
of treatment, and shorten the length of hospitalization.
However, because of the possibility of publication bias
in this meta-analysis, more high-quality RCT studies in
clinical practice are needed to verify the current findings
and continue the exploration of this topic.
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