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Abstract 

Objective  To summarize the effect of adding Lactobacillus reuteri in the treatment plan for diarrheal disease in chil-
dren, and analyze the potential of probiotics in preventing the occurrence of diarrheal disease.

Methods  Search for randomized controlled trials of Lactobacillus reuteri for the treatment and prevention of diarrhea 
in the Pubmed, Web of science, Medline, and Cochrane databases. Data such as the number of diarrhea patients, time, 
length of stay, clinical symptoms and effect of diarrhea prevention were extracted for meta-analysis. Relative risk and 
confidence interval (RR and 95% CI) were used as outcome indicators.

Results  963 participants in the 9 RCTs came from multiple countries/regions. Compared with placebo/no inter-
vention, the number of diarrhea patients in the Lactobacillus reuteri group was significantly reduced on the day 1 
(RR = 0.87, 95%CI: 0.78–0.97) and day 2 (RR = 0.61, 95%CI: 0.44–0.83). Cumulative statistics analysis showed that the 
effect was stable and significant starting on the 4th day after treatment. A few studies have shown that Lactobacillus 
reuteri can reduce the time of diarrhea, the number of days with watery stools, and days of hospital stay. However, 
it has no effect on the occurrence of nosocomial diarrhea (RR = 1.11, 95%CI: 0.68–1.83), rotavirus diarrhea (RR = 1.46, 
95%CI: 0.78–2.72), antibiotic-related diarrhea (RR = 1.76, 95%CI: 0.77–4.05), and diarrhea (RR = 1.35, 95%CI: 0.95–1.92).

Conclusion  Addition of Lactobacillus reuteri in the treatment plan has a significant effect on reducing the number of 
diarrhea and reducing the symptoms of diarrhea, but has no obvious effect on the prevention of diarrhea. Combining 
probiotics and improving the ability of probiotics to respond is the focus of attention.

Keywords  Lactobacillus reuteri, Diarrhea, Probiotics, Clinical response

Background
Diarrheal diseases are the second most common cause of 
death and leading cause of death among children in the 
world [1, 2]. Diarrhea was usually defined as 3 or more 
loose or watery stools, or 1 or more bloody stools in 24 h 
[3]. Diarrhea symptoms typically lasts less than 7  days, 
not longer than 14  days [4]. Evidence-based guidelines 
for the management of acute gastroenteritis indicate 
that fluid replacement is the key treatment method. It 
also shows that probiotics can reduce the duration and 
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intensity of symptoms, and can be used as an adjuvant 
for oral rehydration solutions (ORS) [5]. Although rota-
virus vaccination has been introduced in many countries 
recently, the burden of diarrhea has not been eliminated 
because of this form of primary prevention. Conse-
quently, the role of probiotics in the treatment of diar-
rheal diseases was still widely concerned.

The efficacy and safety of probiotics need to be deter-
mined due to the specificity of the strain. Previous pro-
spective randomized trials have showed Lactobacillus 
reuteri ATCC 55,730 (L. reuteri) was proven to colonize 
the gastrointestinal tract effectively and shorten the dura-
tion of watery diarrhea associated with rotavirus infec-
tion time significantly [6]. Lactobacillus reuteri DSM 
17,938 is a gram-positive bacterium that naturally exists 
in the intestinal tract of mammals. It loses the abnormal 
and transferable resistance of the tetracycline and linco-
mycin it carries by removing two plasmids [7]. The key 
to treat children’s diarrhea effectively depend on the pro-
duction of the anti-pathogenic compound reuterin and 
immunomodulatory ability. Moreover, which need to 
aggregate and co-aggregate helps to colonize the gastro-
intestinal tract and eliminate pathogens from it [8, 9].

Recently, new evidence has emerged regarding the 
effectiveness of Lactobacillus reuteri DSM 17,938. Com-
pared with placebo, Lactobacillus reuteri DSM 17,938 
can shorten the hospital stay of children under 5 years of 
age with AGE other than the duration of diarrhea as an 
adjunct to rehydration therapy [10]. However, this is con-
trary to the conclusion of a previous systematic review, 
and it is not clear whether the addition of Lactobacillus 
reuteri can prevent diarrhea [11]. Our aim was to update 
data on the ability of Lactobacillus reuteri DSM 17,938 
to treat and prevent various types of diarrheal diseases in 
children.

Material and methods
Search strategy
Pubmed, Web of Science, Medline, Cochrane library 
databases were searched for eligiity publications. Two 
researchers designed and implemented this search 
strategy. The publication time was limited until June 
2021. P(Children suffering from diarrhoea or preven-
tive healthy children), I(Addition of Lactobacillus reu-
teri in general treatment plan), C(Placebo), O(Number 
of diarrhea cases, severity score of diarrhea, duration of 
diarrhea, days of water sample defecation, average hos-
pitalization days, etc.). Following keywords were used: 
(Lactobacillus reuteri OR L. reuteri OR Lactobacillus OR 
probiotic*) AND (diarrhea OR diarrhoea OR diarrh*). 
Title and abstract of the article were checked to filter, and 
the full text was obtained. We also manually screen the 

references of retrieved articles to identify other relevant 
studies.

Inclusion and exclusion criteria
Research is considered available if the publication meets 
all of the following criteria:

Confirm the diagnosis as diarrhea and Research is con-
sidered available if the publication meets all of the follow-
ing criteria:

1.	 Confirm the diagnosis as diarrhea and identify simi-
lar diagnoses;

2.	 Randomized clinical trial;
3.	 A detailed and accurate description of the experi-

ment participants (children and healthy people);
4.	 A complete and appropriate result description;
5.	 Follow-up time was long enough for the expected 

outcome.

The criteria for exclusion are as follows:

1.	 Unreliable or inaccurate disease diagnosis;
2.	 Comments, abstracts, editorials;
3.	 Animal tissue research;
4.	 Research that does not provide sufficient data.

Risk of bias for included studies
The two evaluators independently evaluated the test 
quality and bias risk according to the tools of Cochrane 
collaboration network [12]. Possible differences shall be 
resolved by the third reviewer or consensus based discus-
sion. Included items were followed: randomization meth-
ods, allocation hiding methods, blinding of participants 
and implementers, blinding of result evaluation, and 
incomplete result data. In addition, selective reporting 
and other types of bias are also considered. If it can’t be 
assessed due to missing information, we rate the corre-
sponding item as an unclear risk of bias.

Data extraction
Two evaluators independently extracted data accord-
ing to the pre-strategy. The following information was 
extracted: title; author’s name; publication year; study 
design; objective; number of participants; intervention 
plan and time; primary results (diarrhea cases), second-
ary indicators (diarrhea severity score, diarrhea duration, 
water samples Days of defecation, average days of hos-
pitalization, days lost in day care, days of parental care). 
Disagreements arising during the extraction process shall 
be resolved by the third reviewer or the original author 
through email.
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Statistical analysis
Data was analyzed using Stata 16.0 software (Stat-
Corp, USA). The measurement data is expressed by the 
mean ± sd. RR is used as the main statistic in this study. 
Heterogeneity test was used I2 statistic. If I2 values > 50% 
indicate that heterogeneity was observed among studies 
and the random effects model was applied. Fixed effects 
model was applied when there is no heterogeneity among 
studies. Sensitivity analysis was achieved by excluding 
study one by one and examining the impact of each study 
on comprehensive RR. Funnel plots were used to detect 
whether there is a small research effect. The publication 
bias was comprehensively evaluated by Begg’s test and 
Egger’s test.

Results
Basic characteristic of included studies
Based on the pre-screening strategy, two researchers 
finally selected 9 randomized clinical trials (6 treatment 
trials for diarrhea in children, 3 prevention trials for diar-
rhea in healthy children) [13–21]. The screening process 
was summarized in Fig.  1. 963 participants from many 
countries/regions in the world were selected firstly. Par-
ticipants were under 60  months, and the experimental 
group and the control group had good comparability in 

demographic characteristics. Dosage of Lactobacillus 
reuteri in the treatment plan of the experimental group 
was more than 10 (8) CFU/daily. Choose an appropriate 
placebo-controlled regimen and continue the interven-
tion for no less than 5  days. Neither the experimenter 
nor the participants knew the allocation method. Table 1 
listed the characteristics of these studies. In Fig.  2, the 
risk bias diagram showed that some of the studies [13–
15, 18–20] were at high risk. For most studies, the alloca-
tion bias and other biases were not clear. Other projects 
with low risk indicated that these studies are suitable for 
inclusion in meta-analyses.

Improvement of diarrhea with Lactobacillus reuteri alone 
or in combination
6 RCTs are based on the improvement in the number of 
diarrhea cases of Lactobacillus reuteri compared with 
placebo treatment as the main evaluation index. If the I2 
statistic is less than 50%, the fixed effects model is used to 
fit the total RR, otherwise the random effects model. The 
number of diarrhea in the Lactobacillus reuteri group 
was significantly reduced on day 1 (RR = 0.87, 95%CI: 
0.78–0.97, I2 = 0%, p = 0.980, Fig. 3) and day 2 (RR = 0.61, 
95%CI: 0.44–0.83, I2 = 66.6%, p = 0.018, Fig. 3). On day 3 
(RR = 0.62, 95%CI: 0.33–1.18, I2 = 83.6%, p = 0, Fig.  3), 

Fig. 1  Screening flowchart for systematic reviews and meta-analysis
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day 4 (RR = 0.82, 95%CI: 0.61–1.12, I2 = 0%, p = 0.848, 
Fig.  3), day 5 (RR = 1.09, 95%CI: 0.80–1.49, I2 = 28.2%, 
p = 0.248, Fig.  3), day 6 (RR = 0.69, 95%CI: 0.21–2.30, 
I2 = 0%, p = 0.916, Fig.  3) showed no significant differ-
ence. Excluding individual studies successively, no sig-
nificant changes in statistics were found, which shows the 
stability of the results. Neither Begg’s test nor Egger’s test 
found publication bias (p > 0.05).

We respectively used a fixed-effect model and a ran-
dom-effect model to fit the cumulative improvement of 
diarrhea during Lactobacillus reuteri treatment (Figs.  4, 
5). It can be seen that Lactobacillus reuteri did not 
improve significantly at the initial stage of treatment (day 
1), and the treatment effect became stable after enter-
ing the medication process (days 3–7), showing a clear 
J-shaped trend, and long-term trends are improving.

The preventive effect of Lactobacillus reuteri on diarrhea
3 studies reported the preventive effect of Lactobacil-
lus reuteri in hospital diarrhea. Lactobacillus reuteri had 
no significant preventive effect to nosocomial diarrhea 
(RR = 1.11, 95%CI: 0.68–1.83, I2 = 0%, p = 0.873, Fig.  6), 

rotavirus diarrhea (RR = 1.46, 95%CI: 0.78–2.72, I2 = 0%, 
p = 0.568, Fig. 6), diarrhea (RR = 1.35, 95%CI: 0.95–1.92, 
I2 = 0%, p = 0.766, Fig.  6), antibiotic-related diarrhea 
(RR = 1.76, 95%CI: 0.77–4.05, Fig. 6). Excluding individ-
ual studies successively, no significant changes in statis-
tics were found, which shows the stability of the results. 
Begg’s test and Egger’s test did not find publication bias 
(p > 0.05).

Secondary effects of Lactobacillus reuteri in diarrhea
Diarrheal diseases often bring losses to individuals 
and family members. In Maragkoudaki ’s study, com-
pared with placebo, the treatment with Lactobacil-
lus reuteri reduced the number of days of watery stool 
by 2.1  days (95%CI: 1.4–2.7  days) vs. 1.6  days (95%CI: 
1.2- 2.0  days), and 4.5  days (95%CI: 3.5–5.5  days) vs. 
4.0 days (95%CI: 3.2–4.8 days) with soft stools. The same 
reduced the number of day care days lost due to diarrhea 
by 3.0  days (95%CI: 1.9–4.1  days) vs. 1.8  days (95%CI: 
0.6–3.0  days), and the number of days of parental care 
1.4 days (95%CI: 0.5) -2.3 days) vs. 1.1 days (95%CI: 0.4–
1.8  days). Dinleyici’s 2014 study found that treatment 

Fig. 2  Diagram of risk bias of included studies
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with Lactobacillus reuteri reduced the average hospital 
stay from 5.46 ± 1.77  days to 4.31 ± 1.3  days. Dinleyici’s 
2015 study found that Lactobacillus reuteri significantly 
reduced the duration of diarrhea from 74.3 ± 15.3  h to 
60.4 ± 24.5  h. In the Francavilla 2012 study, Lactobacil-
lus reuteri significantly reduced the duration of watery 
diarrhea (2.1 ± 1.7 days vs. 3.3 ± 2.1 days). The recurrence 
rate of diarrhea in children treated with Lactobacillus 
reuteri was significantly lower (15% vs. 42%). Pernica’s 
2017 study found that the combination of rapid test-
ing and treatment with Lactobacillus reuteri treatment 
resulted in a 60-day normalized height (HAZ) associ-
ated with a statistically significant increase of 0.61, with a 
lower chance of recurring diarrhea during the follow-up 

period (OR, 0.07). The use of Lactobacillus reuteri alone 
(that is, no rapid testing and treatment) was associated 
with the probability of recurrent diarrhea (OR, 0.10) dur-
ing the 60-day follow-up period and a non-significant 
increase in the 60-day HAZ 0.51.

Discussion
Findings
Our evaluation confirmed that in the treatment of diar-
rhea, compared with placebo or control, on the first day 
of adding Lactobacillus reuteri DSM 17,938 (RR = 0.87, 
95%CI: 0.78–0.97, I2 = 0%, p = 0.980, Fig. 3) and the next 
day (RR = 0.61, 95%CI: 0.44–0.83, I2 = 66.6%, p = 0.018, 
Fig.  3) can significantly reduce the number of patients. 

Fig. 3  Number of diarrhea cases with Lactobacillus reuteri treatment compared to placebo/no intervention (day 1–6)
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Fig. 4  Cumulative RRs based on treatment days using a fixed effect model

Fig. 5  Cumulative RRs based on treatment days using a random effect model
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However, the effect is not significant in the next few days. 
The gradual decrease in the efficacy of the drug exhibits a 
J-shaped trend. Therefore, we try to perform a cumulative 
fitting of statistics based on the number of days of treat-
ment. It was found that Lactobacillus reuteri had a stable 
and significant improvement effect after about 4 days of 
treatment. We also checked less researched diarrhea-
related indicators such as diarrhea severity score, days 
of watery stools, days of soft stools, average days of hos-
pitalization, days lost in day care, and days of parental 
care. Addition of Lactobacillus reuteri will have different 
degrees of improvement compared with placebo and no 
intervention. Experiments conducted in the hospital to 
prevent diarrhea diseases did not find that Lactobacillus 
reuteri could reduce the incidence of hospital diarrhea, 
rotavirus diarrhea, diarrhea, and antibiotic-related diar-
rhea, which may not be in line with our expectations. It 
is still reasonable considering the number of participants 
and the conduct in the hospital. It is worth noting that no 
adverse events have been observed.

Agreement and disagreement with other studies 
or reviews
Previously, two studies found significant healing effects 
only in the first 2  days of Lactobacillus reuteri treat-
ment [23, 24]. Our research not only further confirmed, 

but also found that starting from the 4th day of treat-
ment, the healing effect tends to be significant and stable 
compared with placebo or no intervention. Consider-
ing the quantity and quality of the included literature, 
our results are more trustworthy. A systematic review 
of randomized placebo-controlled trials of Lactobacillus 
reuteri DSM 17,938 found that this probiotic effectively 
reduced the duration of diarrhea and hospitalization 
[24]. Although this effect was observed when only stud-
ies with sufficient blinding and allocation concealment 
were analyzed Smaller. This conclusion was confirmed in 
our research. An in vitro experiment found that L. reuteri 
LMG P-27481 strain is a very effective probiotic candi-
date for the treatment of CD infection [25]. This is actu-
ally different from our research. Due to the specificity of 
the strain, this possibility does exist.

Research on other probiotics has also received atten-
tion. A recent analysis of data from 5 high-quality RCTs 
(with no or only one area of unclear risk of bias) showed 
that Lactobacillus rhamnosus had no effect on the dura-
tion of diarrhea (MD = -0.68, 95% CI:-1.81–0.44) days 
[26]. Three systematic reviews [22, 27, 28] consistently 
reported that the use of saccharomyces boulardii sig-
nificantly shortened the duration of diarrhea compared 
with the placebo group or the no-intervention group, 
although their inclusion was not the same. As far as we 

Fig. 6  RRs that added Lactobacillus reuteri to prevent nosocomial diarrhea, rotavirus diarrhea, diarrhea, and antibiotic-related diarrhea compared to 
placebo
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know, there is no reported data that Lactobacillus reu-
teri DSM 17,938 causes any serious adverse events even 
when used in premature infants [29]. A variety of Lac-
tobacillus strains together with Lactobacillus reuteri or 
Lactobacillus plantarum as therapeutic agents or nutri-
tional supplements may be a new method to prevent and 
treat diarrhea in children. Evaluating the effectiveness 
and safety of various strains is of great significance for 
subsequent research. Highly adherent Lactobacillus reu-
teri shows higher benefits because it means higher cell 
membrane permeability and stronger mucin capacity 
[30]. Fortunately, we are consistent with the conclusions 
of the recent systematic review. In general, probiotics can 
be used safely in other healthy people [31].

Strengths and limitations
We specifically evaluated the effectiveness of Lacto-
bacillus reuteri DSM 17,938, but did not evaluate the 
effectiveness of its original strain Lactobacillus reuteri 
ATCC 55,730. Evaluation is based on a method devel-
oped in collaboration with Cochrane and reported in 
accordance with the PRISMA statement. Many efforts 
have been made to reduce the risk of bias (for exam-
ple, no language or date restrictions are imposed). The 
risk of bias in the included trials was also evaluated 
based on the design of the study design. Finally, our 
research focuses on the application of a single probi-
otic that is available in many countries/regions, so the 
research results are applicable to practice. However, 
this evaluation has several important limitations. First, 
only a few studies are available. Second, some included 
trials have unclear or high risks of bias, which raises 
questions about the reliability of the results provided. 
Third, because there are fewer trials available, trials 
with mixed (unclear, high or low) levels of bias in cer-
tain areas are combined in the analysis. In some more 
limited studies, meta-analysis is not possible. Fourth, 
the significant heterogeneity between studies can only 
be partially explained by differences in research design 
methods. However, no subgroup meta-analysis was per-
formed due to the small number of studies. However, 
previous studies of different probiotics have shown that 
the specific effects of probiotics on intestinal pathogens 
seem unlikely [32, 33]. Although this review evalu-
ated the effectiveness of probiotics in preventing diar-
rhea in community trials. Due to the presence of other 
confounding factors, our findings may need to be con-
firmed in more experiments in different populations. 
Another limitation was the definition of diarrhea and 
the duration of diarrhea. Some results, the number of 
days in hospital due to diarrhea, the number of days 
lost in day care, the number of days of parental care, 
etc., have only been evaluated in a limited number of 

trials; therefore, these findings may only be accidental. 
Finally, due to lack of data, it is not possible to clearly 
assess the impact of Lactobacillus reuteri DSM 17,938 
on stool volume and the severity of diarrhea score.

Conclusion
We summarized the significant effect of adding Lacto-
bacillus reuteri to the treatment regimen in reducing 
the number of diarrhea cases and reducing the symp-
toms of diarrhea compared with placebo or no inter-
vention. Although Lactobacillus reuteri has not been 
found to be effective in preventing diarrhea, this may 
be caused by a variety of confounding factors due to 
the imprecise experimental design. More higher-quality 
RCT evidence is needed. Combining a variety of probi-
otics and improving the effect of probiotics in diseases 
will be the focus of research.
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