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Background

Recent or ongoing use of antibiotics causes diarrhea. Probiotic yogurt is generally used in antibiotic-induced diarrhea as adjuvant therapy. In recent times, there have been no clear recommendations or guidelines for the course of treatment of probiotics in preventing antibiotic-induced diarrhea in infants and young children in mainland China. The objectives of the study were to evaluate the efficacy and safety of Saccharomyces boulardii and Bifidobacterium in antibiotic-induced diarrhea in infants and young children in Chinese settings.





Methods

Data were collected retrospectively. Infants and children received antibiotic treatments with 50 g daily regular yogurt and 50 g daily regular yogurt for 7 days after those treatments (AY cohort, n = 119), or with 10 billion CFU daily Saccharomyces boulardii and 10 billion CFU daily Saccharomyces boulardii for 7 days after those treatments (AS cohort, n = 110), or with 10 billion CFU daily Bifidobacterium and 10 billion CFU daily Bifidobacterium for 7 days after those treatments (AB cohort, n = 106). Two times per day loose or watery stools were considered mild diarrhea, and three or more times per day loose or watery stools were considered severe diarrhea.





Results

All infants and young children reported diarrhea after the start of any type of antibiotic treatment with probiotics. Time for the start of diarrhea after the start of antibiotic treatments with probiotics was higher in infants and children of the AS cohort than in infants and children of the AY [3 (4–3) days versus 1 (1–1) days, p < 0.001] and the AB [3 (4–3) days versus 2 (2–1) days, p < 0.001] cohorts. Twenty-four (20%), 11 (10%), and 17 (16%) infants and children reported any type of diarrhea in the AY, AS, and AB cohorts, respectively. The number of patients with reported diarrhea (mild and severe) and the number of patients who required extra anti-diarrheal treatments after antibiotic treatments in the AS cohort were fewer than those reported in the AY and the AB cohorts (p < 0.05 for all). Yogurt reported sneezing, runny nose, redness of the eyes, and nausea in the AY cohort (p < 0.05 for all comparisons). Saccharomyces boulardii and Bifidobacterium caused vomiting and nausea.





Conclusions

Any type of antibiotic treatment cause diarrhea in infants and young children. Probiotics especially Saccharomyces boulardii co-treatments with any type of antibiotic treatment, significantly reduce incidences of diarrhea in infants and young children with manageable adverse effects.
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Introduction

Recent or ongoing use of antibiotics causes diarrhea, with loose or watery or mucous or purulent or bloody or flaky stools, and that cannot be explained by various clear reasons (Zhang et al., 2024). The incidence of diarrhea after ongoing use of antibiotics in children is 5% to 62% globally (Guo et al., 2019). The incidence of diarrhea after recent or ongoing use of antibiotics in children in China is 17% to 71% (Zheng et al., 2021). This diarrhea is because of gut dysbiosis by antibiotics (Guo et al., 2019; Lukasik et al., 2022). Intestinal flora imbalance is the main reason for antibiotic-induced diarrhea (Kim et al., 2017; Guo et al., 2019).

Supplementation of probiotics to promote the growth of dominant intestinal flora with antibiotics can prevent antibiotic-induced diarrhea in infants and young children (Guo et al., 2019). However, the effects of different probiotic preparations and treatment courses on the incidence of antibiotic-induced diarrhea in infants and young children remain debatable. In general, the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition strongly recommends the Saccharomyces boulardii CNCM 1–745 strain to prevent antibiotic-induced diarrhea in children (Szajewska et al., 2023). In recent times, there have been no clear recommendations or guidelines for the course of treatments of probiotics in preventing antibiotic-induced diarrhea in infants and young children in mainland China (National Children’s Medical Center (Beijing) and Editorial Committee of Chinese Journal of Practical Pediatrics, 2022). Currently, among the probiotic preparations for preventing and treating diarrhea in children, Saccharomyces boulardii and Bifidobacterium tetravalent live bacteria are the most widely used (Li et al., 2021). Indian Academy of Pediatrics Consensus Guidelines recommends Saccharomyces boulardii as adjuvant therapy in antibiotic-induced diarrhea (Yachha et al., 2022). Moreover, probiotic yogurt is generally used in antibiotic-induced diarrhea as adjuvant therapy in adults (Velasco et al., 2019) because some of the most common probiotic strains (Lactobacillus bulgaricus, Streptococcus thermophilus, Lactobacillus acidophilus, and Bifidobacterium lactis) are found in yogurt (Al-Yami et al., 2022).

The objectives of the study were to evaluate the efficacy and safety of Saccharomyces boulardii and Bifidobacterium in antibiotic-induced diarrhea against yogurt in infants and young children in Chinese settings.





Materials and methods




Inclusion criteria

Infants and children aged less than 3 years with non-gastrointestinal infections who received antibiotic treatments (for any kind of infection) with probiotics as adjuvant treatments were included in the study.





Exclusion criteria

Infants and children who did not receive probiotics were excluded from the study. Infants and children who have not complete data in hospital records of patients were excluded from the study. Infants and children who have been on antibiotic treatments in the last two months were excluded from the study. Patients with missing data were excluded.





Design, setting, period

A retrospective study of medical record analyses of the Deyang City People’s Hospital, Deyang City, Sichuan Province, China; the First People’s Hospital of Zhaotong City, Yunnan Province, China; and the Mianyang Third People’s Hospital, China, from 1 February 2023 to 30 November 2024.





Sample size calculations

The study was based on the assumption that after antibiotic treatments with probiotics and probiotic treatments for 7 days after those treatments, no more than 16% of infants and children had severe or mild diarrhea (primary outcome measures; effect size) (Lukasik et al., 2022). Based on this assumption and α = 0.05, β = 0.2, 80% power calculations, and a 95% confidence interval (CI), the minimum number of infants and children required in each cohort was 105 (sample size).





Cohorts

One hundred nineteen infants and children received antibiotic treatments with regular yogurt and regular yogurt for 7 days after those treatments (50 g daily; AY cohort) (Velasco et al., 2019). One hundred ten infants and children received antibiotic treatments with Saccharomyces boulardii and Saccharomyces boulardii for 7 days after those treatments (10 billion Colony Forming Units (CFU) daily; in powder form; AS cohort) (Lukasik et al., 2022). One hundred six infants and children received antibiotic treatments with Bifidobacterium and Bifidobacterium for 7 days after those treatments (10 billion CFU daily in powder form; AB cohort) (Zhang et al., 2024). The decision of yogurt, Saccharomyces boulardii, or Bifidobacterium co-treatments is the decision of the pediatrician. Infants and children have not consumed other probiotic preparations than recommended or foods containing probiotics during antibiotic treatments and 7 days of prescribed probiotic treatments after those treatments. Yogurt was given along with food to children. Parents were informed and involved in administering the yogurt. The use of probiotics or yogurt alongside antibiotics was a standard practice in the study setting. There were ~3h differences between antibiotic and probiotic administration.






Outcome measures




Demographical and clinical characteristics

Demographical and clinical characteristics before the start of antibiotic treatments were collected from patients’ records of institutes and analyzed.





Diarrhea (primary outcome measures)

Two or more loose or watery stools per day caused by unexplained etiology are considered diarrhea (Lukasik et al., 2022). Two times per day loose or watery stools were considered mild diarrhea, and three or more times per day loose or watery stools were considered severe diarrhea (Lukasik et al., 2022).





Adverse effects (secondary outcome measures)

Any adverse effects during treatments of antibiotic therapies and 7 days after the use of probiotics were collected from patients’ records of institutes and analyzed.





Clinical benefits of probiotics

The clinical benefits of probiotic co-treatment for antibiotic-associated bacteria in infants and children who underwent antibiotic treatments were evaluated as a function of the beneficial scores. Beneficial scores for probiotic co-treatment for antibiotic-associated bacteria were calculated from the risk of under-treatment (for antibiotics-associated bacteria), as expressed in Equation 1. The risk of undertreatment was defined by a calculation that involved the % prevalence of severe or mild diarrhea after antibiotic treatments with probiotics and 7 days of probiotic treatment after those treatments (Equation 2). The % prevalence of severe or mild diarrhea after antibiotic treatments with probiotics and 7 days of probiotic treatment after those treatments ranged from 0% to 100%. The beneficial score of co-treatment of the probiotics for antibiotic-associated bacteria is the area above the curve of the adopted co-treatment for antibiotic-associated bacteria, and the working area is the area under the curve of the adopted co-treatments for antibiotic-associated bacteria. For all adopted co-treatments, the 16% prevalence of severe or mild diarrhea after antibiotic treatments with probiotics and 7 days of probiotic treatments after those treatments were used as the reference standard (Jian et al., 2019).

	

	





Statistical analyses

InStat 3.01 (GraphPad Software, San Diego, CA, USA) was used for statistical analyses. Categorial normally distributed continuous, and non-normally distributed continuous variables are depicted as frequencies with percentages in parentheses, mean ± standard deviation (SD), and median with Q3–Q1 in parentheses, respectively. Fisher’s exact test or chi-square test (χ2-test with or without Yate’s corrections or independence) was preferred for categorical variables. Kolmogorov and Smirnov methods were used to check the normality of continuous variables. The Bartlett test was used to check the homogeneity of SDs of normally distributed continuous data. Kruskal–Wallis’ test [nonparametric analysis of variance (ANOVA)] was used for statistical analysis of non-normally distributed continuous variables. Post-hoc tests were calculated if the p-value was less than 0.05. Dunn’s multiple comparisons test was performed for post-hoc analysis of non-normally distributed continuous variables. All results were considered significant if the p-value was less than 0.05 at 95% CI (either one-tail or two-tails).






Results




Study populations

From 1 February 2023 to 30 November 2024, a total of 353 infants and children aged less than 3 years with non-gastrointestinal infections received antibiotic treatments (for any kind of infection) with probiotics as adjuvant treatments at the Deyang City People’s Hospital, Deyang City, Sichuan Province, China; the First People’s Hospital of Zhaotong City, Yunnan Province, China; and the Mianyang Third People’s Hospital, China. Among them, 11 infants and children had taken antibiotic treatments with or without probiotics in the last two months. Data on seven infants and children were not completely available in the parent institute and the referring institutes. Therefore, data from these patients (18 infants and children) were excluded from the study. Different variables of 335 infants and young children regarding numbers of infants and children with diarrhea after antibiotics treatments with probiotics and 7 days of probiotic treatments after those treatments, duration of diarrhea since the start of antibiotics treatments, use of any other anti-diarrheal treatment after treatments, and adverse effects during and after treatments were extracted from hospital records and analyzed. The flow diagram of the retrospective analyses is presented in Figure 1.
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Figure 1 | The flow diagram of the retrospective analyses. Red color indicates worse parameter.







Demographical and clinical characteristics

Male-to-female ratio was almost 1:1 among all cohorts. Infants and children were 3 months to 3 years old. Infants and children had mostly fever, colic pain, tonsillitis, upper respiratory tract infection, lower respiratory tract infection, and/or injuries leading to antibiotic use. Most infants and children were of Han Chinese ethnicity, and the reported maximum type of antibiotic treatment was amoxicillin plus clavulanic acid followed by cefixime (the dose of antibiotics was according to body mass index; most prescribed antibiotics were penicillin and cephalosporin type). The most prescribed drug, other than antibiotic treatments with antibiotics was paracetamol. Sex, age, ethnicity, antibiotic treatments, and the type of other medications prescribed with antibiotics were comparable for patients among cohorts (p > 0.05 for all comparisons). The details of the demographical and clinical characteristics of the enrolled infants and children are presented in Table 1.


Table 1 | Demographical and clinical characteristics of the enrolled infants and children in outpatient clinics of the pediatrics departments.







Outcome measures

All infants and young children reported diarrhea after the start of antibiotic treatments with probiotics. Time for start of diarrhea after start of antibiotic treatments with probiotics was higher in infants and young children of the AS cohort than those of infants and children of the AY cohort (3 (4–3) days versus 1 (1–1) days, p < 0.001, Kruskal–Wallis’ test/Dunne’s test, Kruskal–Wallis’ statistics: 209) and the AB (3 (4–3) days versus 2 (2–1) days, p < 0.001, Kruskal–Wallis’ test/Dunne’s test, Kruskal–Wallis’ statistics: 209) cohorts. Time for the start of diarrhea after the start of antibiotic treatments with probiotics was higher in infants and children of the AB cohort than in infants and children of the AY cohort (p < 0.001, Kruskal–Wallis’ test/Dunne’s test, Kruskal–Wallis’ statistics: 209). The details of the time for the start of diarrhea after the start of antibiotic treatments with probiotics in infants and children of the different cohorts are presented in Figure 2.
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Figure 2 | The details of the time for the start of diarrhea after the start of antibiotics treatments with probiotics in infants and children of the different cohorts. The upper line of the box indicates the third quartile value, the lower line of the box indicates the first quartile value, and “x” indicates the median value. *p < 0.001 compared to that of AB cohort; #p < 0.001 compared to that of AY cohort.



Fifteen (13%), 3 (3%), and 10 (9%) patients reported mild diarrhea after antibiotic treatments with probiotics and probiotic treatments for 7 days after those treatments in the AY, AS, and AB cohorts, respectively. Nine (8%), 1 (1%), and 7 (7%) patients reported severe diarrhea after antibiotic treatments with probiotics and probiotic use for 7 days after those treatments in the AY, AS, and AB cohorts, respectively. Twenty-four (20%), 11 (10%), and 17 (16%) patients reported any type of diarrhea after antibiotic treatments with probiotics and probiotic treatments for 7 days after those treatments in the AY, AS, and AB cohorts, respectively. The number of patients with reported diarrhea (mild and severe) and the number of patients who require extra anti-diarrheal treatments after antibiotic treatment with Saccharomyces boulardii and Saccharomyces boulardii for 7 days after those treatments in the AS cohort were fewer than those reported with diarrhea (mild and severe) and numbers of patients requires extra anti-diarrheal treatments after antibiotics treatment with regular yogurt and regular yogurt for 7 days after those treatments in the AY cohort and those reported with diarrhea (mild and severe) and numbers of patients require extra anti-diarrheal treatments after antibiotics treatments with Bifidobacterium and Bifidobacterium for 7 days after those treatments in the AB cohort. The number of patients who reported diarrhea (mild and severe) and the number of patients who required extra anti-diarrheal treatments after antibiotic treatments with probiotics and probiotic use for 7 days after those treatments were statistically the same between the AY and the AB cohort. None of the young children and infants reported diarrhea after the use of anti-diarrheal treatment(s) (if required). The details of outcome measures after antibiotic treatments with probiotics and use of probiotic treatment for 7 days after those treatments of the enrolled infants and children are presented in Table 2.


Table 2 | Outcome measures after antibiotics treatments with probiotics and use of probiotics course treatments for 7 days after those treatments of the enrolled infants and children.







Adverse effects

During antibiotic treatments with probiotics, probiotic treatments for 7 days after those treatments, and treatments for diarrhea (if required) of the enrolled infants and children, they generally reported sneezing, runny nose, redness of eyes, vomiting, and nausea. Yogurt reported sneezing, runny nose, redness of eyes, and nausea among infants and children of the AY cohort. Saccharomyces boulardii and Bifidobacterium caused vomiting and nausea among infants and children. The details of adverse effects during antibiotics treatment with probiotics, probiotic treatments for 7 days after those treatments, and treatments for diarrhea (if required) of the enrolled infants and children are reported in Table 3. The results of the assumptions test adopted in the study are presented in Table 4.


Table 3 | Adverse effects during antibiotics treatment with probiotics, probiotics co-treatments for 7 days after those treatments, and treatments for diarrhea (if required) of the enrolled infants and children.




Table 4 | The results of assumption tests adopted in the study.







Clinical benefits of probiotics

Clinical benefits for infants and children of the AS, AB, and AY cohorts were 0–0.95 beneficial score, 0–0.81 beneficial score, and 0–0.75 beneficial score, respectively. Above 0.95 beneficial score, 0.81 beneficial score, and 0.75 beneficial score, infants and children of the AS, AB, and AY cohorts had a risk of under co-treatment for antibiotic-associated bacteria or risk of development of diarrhea. A graphical presentation of the clinical benefits of probiotics is presented in Figure 3. The details of the clinical benefits of probiotics are presented in Table 5.
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Figure 3 | Graphical presentation of the clinical benefits of probiotics.




Table 5 | The details of the clinical benefits of probiotics in the enrolled infants and children.








Discussions

All infants and young children reported diarrhea after the start of antibiotic treatments with probiotics. The intestinal flora is composed of trillions of microorganisms, including bacteria, fungi, single-cell organisms, and viruses (Senchukova, 2023). Most prescribed antibiotics were penicillin or cephalosporin types in the enrolled infants and young children. Antibiotic treatments, especially from the penicillin and cephalosporin groups, can disrupt the colonization resistance of the gastrointestinal flora in infants and young children, resulting in diarrhea (Guo et al., 2019; de Nies et al., 2023), because, unlike adults, infants and young children have a simple intestinal flora structure, incomplete intestinal barrier development, low immune function, and a simple diet (Zhang et al., 2022). Antibiotic treatments cause diarrhea in infants and young children.

The time for the start of diarrhea after the start of antibiotic treatments with probiotics was higher in infants and young children of the AS cohort than in infants and children of the AY and AB cohorts. In addition, the time for the start of diarrhea after the start of antibiotic treatments with probiotics was higher in infants and children of the AB cohort than in infants and children of the AY cohort. Moreover, infants and young children of the AY cohort required a minimum of one day for incidences of diarrhea. The disruption of the gastrointestinal flora in infants and young children is managed by probiotics by directly or indirectly regulating the structure of the microbiota, interacting with intestinal epithelial cells, macrophages, and lymphocytes to repair and strengthen the intestinal mucosal barrier functions (Mekonnen et al., 2020). Probiotics increase the content of intestinal endocrine immunoglobulins and exert an intestinal immune regulatory effect (Li et al., 2023; Zhang et al., 2024). The use of antibiotics for the treatment of any disease and the addition of probiotics can effectively prevent antimicrobial-associated diarrhea, reduce the average duration of diarrhea, and reduce the average number of diarrhea episodes per day in infants and young children.

The number of patients with reported diarrhea (mild and severe) and the number of patients who required extra anti-diarrheal treatment after antibiotic treatments in the AS cohort were fewer than those reported in the AY and AB cohorts. Even clinical benefits for infants and young children of the AS cohort were higher than those of the AY and AB cohorts. The results of incidences of diarrhea are consistent with those of trials (Lukasik et al., 2022; Zhang et al., 2024). Unlike yogurt and Bifidobacterium, Saccharomyces boulardii deactivates multiple signaling pathways (NF-κβ, ERK1/2, and JNK) and decreases inflammation of intestinal inflammation (Justino et al., 2020). In addition, the poor efficacy of bifidobacteria is related to the number of bacteria administered or inactivated by antibiotics, as Bifidobacterium is sensitive to these antibiotics, while the fungus Saccharomyces boulardii is not sensitive. Saccharomyces boulardii co-treatments with antibiotic treatments significantly reduce incidences of diarrhea in infants and young children more than yogurt and Bifidobacterium.

None of the infants and young children had serious adverse effects. The results of the adverse effects of the current study are consistent with those of trials (Lukasik et al., 2022; Zhang et al., 2024). Probiotic co-treatments are safe for the prevention and treatment of diarrhea in infants and young children.

A minimum of 50 g of daily yogurt and 10 billion CFU of daily probiotics were recommended doses by a pediatrician. Generally, probiotics have a moderate protective effect on antibiotic-associated diarrhea. Therefore, pediatrics recommended 10 billion CFU doses because 5 billion CFUs per day or higher doses of probiotics were reported effective in antibiotic-associated diarrhea in pediatrics (Guo et al., 2019). Regular yogurt contains about 10 billion CFUs of probiotic bacteria per 50 g (Nyanzi et al., 2021).

Saccharomyces boulardii is a well-researched probiotic yeast, while Bifidobacterium tetravalent typically includes a combination of Bifidobacterium bifidum, Bifidobacterium longum, Bifidobacterium breve, and Bifidobacterium infantis. On the other hand, yogurt probiotics generally consist of live beneficial bacteria, primarily Lactobacillus and Bifidobacterium species. Given that yogurt already contains certain Bifidobacterium strains, however, the current study has tested the efficacy and safety of Bifidobacterium against yogurt, as they share overlapping bacterial components. The possible justification for the same is that the content of yogurt is varied (Fox et al., 2015), and there is no fixed amount for any strain (Nyanzi et al., 2021). In addition, yogurt is traditionally used for antibiotic-induced diarrhea (Velasco et al., 2019).

In the limitations of the study, for example, the etiology of diarrhea was not pathologically (Lukasik et al., 2022) evaluated. The cost burden due to co-treatments of probiotics with antibiotics (Yuncui et al., 2020) is not evaluated. The results of the number of patients who reported diarrhea (mild and severe), the number of patients who required extra anti-diarrheal treatments after antibiotic treatments with probiotics and probiotic treatments for 7 days after those treatments, and unwanted adverse effects between the infants and young children of the AB cohort were not reported as significant compared to those results of the AY cohort. The possible justifications for the same are the small sample size, the older average age of the children, and the high proportion of antibiotics. In addition, yogurt provides mild to moderate efficacy against antibiotic-associated diarrhea in children (Fox et al., 2015). The pH of the stomach of infants is different than that of an adult. It is also different among infants based on food habits. The current study has not correlated their results with the stomach pH of the subjects. The pH of stool also should be recorded to reveal the impact of yogurt on the gastrointestinal tract. This will reflect the gut environment before and after feeding. However, the current study has not measured the pH of stool. In addition, this is not trial and a control arm is not possible retrospective study (the same with untreated (no antibiotic) subject were not possible to be carried out). The retrospective design cannot indicate the causal relationship between parameters. There are many confounding factors that need clarification; it is difficult to reach with conclusion of this manuscript yet. Retrospective design precludes causal conclusions. Self-reported outcomes are unreliable in infants. The details of comparative studies on co-treatments of probiotics with antibiotics to overcome associated diarrhea in different settings are presented in Table 6.


Table 6 | Comparative studies on co-treatments of probiotics with antibiotics to overcome associated diarrhea in different settings.







Conclusions

Any type of antibiotic treatment causes diarrhea in infants and young children. The addition of probiotics can effectively prevent any type of antimicrobial-associated diarrhea for the treatment of any disease, reduce the average duration of diarrhea, and reduce the average number of diarrhea episodes per day in infants and young children. Saccharomyces boulardii co-treatments with any type of antibiotic treatment significantly reduce incidences of diarrhea in infants and young children more than yogurt and Bifidobacterium. Probiotic co-treatments are safe for the prevention and treatment of diarrhea in infants and young children.
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