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Effect of Probiotic Use Containing Lactobacillus rhamnosus GG and
Bifidobacterium animalis subsp. lactis on Clinical Outcomes in Children
Aged 2-12 Years Receiving Antibiotic Therapy: A Multicenter Cohort Study

Antibiyotik Baslanan 2-12 yas Cocuklarda Lactobacillus rhamnosus GG ve Bifidobacterium animalis subsp. Lactis
iceren Probiyotik Kullaniminin Klinik Sonuglar Uzerine Etkisi: Cok Merkezli Kohort Calismasi
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| ABSTRACT |

Oz

Aim: This study aimed to evaluate the association between probiotic
supplementation containing Lactobacillus rhamnosus GG and Bifidobacterium
animalis subsp. lactis and antibiotic-associated diarrhea, dgastrointestinal
tolerability, healthcare utilization, and social outcomes in children aged 2-12
years receiving antibiotic therapy, using real-world clinical data.

Material and Method: This multicenter cohort study included children aged
2-12 years who were prescribed antibiotic therapy for an infectious diagnosis
in pediatric outpatient clinics and/or departments of pediatrics across 15
centers between January 1, 2026, and June 1, 2026. Patients were categorized
according to probiotic use during antibiotic therapy into the probiotic group,
receiving supplementation containing L. rhamnosus GG and B. animalis subsp.
lactis in addition to antibiotics (Group™, n=120), and the control group, receiving
antibiotics alone (Group 2, n=120). The primary outcome was antibiotic-
associated diarrhea, defined as three or more loose or watery stools within 24
hours without an alternative clinical explanation. Secondary outcomes included
gastrointestinal symptoms, repeat healthcare visits, antibiotic modification
or discontinuation, school/daycare absenteeism, and parental workdaK loss.
Continuous variables were compared using the Mann-Whitney U test, whereas
categorical variables were analyzed using the chi-square test or Fisher’s exact
test, as appropriate. Multivariable logistic regression analysis was performed to
identify independent factors associated withantibiotic-associated diarrhea.

Results: After exclusion of patients with incomplete follow-up or insufficient
medical record data, a total of 240 children were included in the final analysis,
with 120 patients in each group. Baseline characteristics, including age, sex,
antibiotic indication, antibiotic class, and duration of antibiotic thera@l, were
comparable between the %roups. The incidence of antibiotic-associated diarrhea
was significantly lower in the probiotic group than in the control %roup (16.7% vs.
32.5%; p=0.007). Probiotic supplementation was associated with a 49% relative
reduction in the risk of antibiotic-associated diarrhea (RR=0.51; 95% Cl: 0.32-
0.83). The probiotic group also had si%niﬁcantly shorter diarrhea duration, lower
maximum daily stool frequency, and lower rates of abdominal pain, flatulence,
bloating, nausea/vomiting, repeat healthcare visits, hospitalization, antibiotic
modification/discontinuation, need for additional treatment, school/daycare
absenteeism, and parental workday loss.

Conclusion: In children aged 2-12 years receiving antibiotic therapy,
sugplementation with Lactobacillus rhamnosus GG and Bifidobacterium animalis
subsp. lactis was associated with a lower incidence of antibiotic-associated
diarrhea and a reduced clinical and social burden, supporting its potential role
as a practical adjunctive strategy to improve gastrointestinal tolerability during
antibiotic treatment.

Kgywords: Antibiotic-associated diarrhea, probiotics, Lactobacillus rhamnosus
GG, Bifidobacterium animalis subsp. lactis, gastrointestinal tolerability

Amag: Bu calismanin amaci, antibiyotik tedavisi baglanan 2-12 yas arasi ¢ocuklar-
da Lactobacillus rhamnosus GG ve Bifidobacterium animalis subsp. lactis iceren
probiyotik destedi kullaniminin antibiyotik iliskili ishal, gastrointestinal tolerabilite,
saglik hizmeti kullanimi ve sosyal sonuglar Uzerindeki etkisini gercek yasam verile-
riyle degerlendirmektir.

Gereg ve Yontem: 01.01.2026-01.06.2026 tarihleri arasinda 15 merkezde cocuk po-
liklinigi/cocuk saghgi ve hastaliklari birimlerinde herhangi bir enfeksiyon tanisiyla
antibiyotik tedavisi baslanan 2-12 yas arasi cocuklar ¢alismaya dahil edilmistir. Has-
talar, antibiyotik tedavisi sirasinda L. rhamnosus GG ve B. animalis subsp. lactis ice-
ren probiyotik destegi kullanip kullanmamalarina gére Grup 1 (Probiyotik, n=120)
ve Grup 2 (Kontrol, n=120) olmak Uzere iki gruba ayrilmistir. Birincil sonlanim nok-
tasl, bagka bir klinik nedenle agiklanamayan, 24 saat icinde U¢ veya daha fazla yu-
musak/sulu digkilama olarak tanimlanan antibiyotik iliskili ishal gelisimi olup; ikincil
sonlanimlar arasinda gastrointestinal yakinmalar, tekrar saglik kurulusuna basvuru,
antibiyotik degisimi/kesilmesi, okul/kres devamsizligi ve aile is glct kaybr deger-
lendirilmistir. Strekli deg@iskenler icin Mann-Whitney U testi, kategorik degisken-
ler icin ki-kare/Fisher'in kesin testi kullaniimis; bagimsiz risk faktorlerini belirlemek
amaclyla cok degiskenli lojistik regresyon analizi uygulanmistir.

Bulgular: Eksik takip veya yetersiz dosya verisi olan hastalarin dislanmasinin ardin-
dan, her grupta 120 hasta olmak tzere toplam 240 cocuk nihai analize dahil edildi.
Gruplar arasinda yas, cinsiyet, antibiyotik endikasyonu, kullanilan antibiyotik tura
ve antibiyotik kullanim stresi agisindan anlamli fark saptanmadi. Antibiyotik iliskili
ishal sikligi probiyotik grubunda kontrol grubuna gére anlamli olarak daha dustktd
(%16,7'ye karsi %32,5; p=0,007). Probiyotik kullanimi, antibiyotik iliskili ishal riskinde
%49 relatif azalma ile iliskili bulundu (RR=0,51; %95 GA: 0,32-0,83). Ayrica probiyotik
grubunda ishal stresi, maksimum gtnltk diskilama sayisi, karin agrisi, gaz, siskinlik,
bulanti/kusma, tekrar saglik kurulusuna basvuru, hastaneye yatis, antibiyotik degi-
simi/kesilmesi, ek tedavi gereksinimi, okul/kres devamsizligi ve aile is glict kaybi
anlamli olarak daha distk bulundu.

Sonug: Lactobacillus rhamnosus GG ve Bifidobacterium animalis subsp. lactis iceren
probiyotik destedi, antibiyotik tedavisi alan 2-12 yas arasi cocuklarda antibiyotik iliskili
ishal ve iliskili klinik-sosyal ytkte anlamli azalma ile iliskili bulunmustur.

Anahtar Kelimeler: Antibiyotik iliskili ishal, probiyotik, Lactobacillus rhamnosus GG,
Bifidobacterium animalis subsp. lactis, gastrointestinal tolerabilite
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Lactobacillus rhamnosus GG and Bifidobacterium animalis subsp. lactis
in Antibiotic-Treated Children

INTRODUCTION

Antibiotics are among the most commonly prescribed
medications for the treatment of bacterial infections
in childhood. In routine pediatric practice, antibiotic
therapy is an essential component of the management
of several clinical conditions, including acute otitis media,
tonsillopharyngitis, sinusitis, pneumonia, urinary tract
infections, and skin and soft tissue infections. However,
antibiotics may affect not only pathogenic microorganisms
but also beneficial commensal bacteria within the gut
microbiota, thereby disrupting microbial homeostasis. This
disruption may lead to gastrointestinal adverse effects,
including changes in stool consistency, increased stool
frequency, abdominal pain, flatulence, bloating, nausea/
vomiting, and antibiotic-associated diarrhea (1,2).

Antibiotic-associated diarrhea is typically defined as
diarrhea occurring during antibiotic therapy or shortly
after its completion in the absence of an alternative clinical
explanation. Although most cases in children are mild and
self-limiting, antibiotic-associated diarrhea may compromise
treatmentadherenceandleadtoantibioticdiscontinuation or
modification, repeat healthcare visits, additional therapeutic
interventions, and, rarely, hospitalization. Beyond its clinical
impact, it may also impose a substantial social burden on
families through school or daycare absenteeism and parental
workday loss (1,3).

Probiotics are defined as live microorganisms that, when
administered in adequate amounts, confer a health
benefit on the host. In the prevention of antibiotic-
associated diarrhea, probiotic efficacy appears to vary
according to the specific strain, dose, duration of use,
and characteristics of the target population. Lactobacillus
rhamnosus GG is one of the most extensively investigated
probiotic strains in the field of pediatric antibiotic-
associated diarrhea. Randomized trials and meta-
analyses have reported that Lactobacillus rhamnosus
GG may reduce the risk of diarrhea in children receiving
antibiotic therapy (4,5). Consistently, the ESPGHAN
Working Group for Probiotics and Prebiotics has issued
a strong recommendation for the use of Lactobacillus
rhamnosus GG or Saccharomyces boulardii when
probiotic supplementation is considered in children at
risk of antibiotic-associated diarrhea (3).

Bifidobacterium animalis subsp. lactis has also been
investigated in pediatric gastrointestinal conditions
because of its potential effects on gut microbial balance,
intestinal barrier function, stool consistency, and
gastrointestinal tolerability. Clinical studies evaluating
probiotic combinations containing B. animalis subsp.
lactis have reported favorable outcomes in children with
acute diarrhea, including reductions in diarrhea duration
and healthcare-related outcomes. Although the evidence
base is more limited than that for Lactobacillus rhamnosus
GG in antibiotic-associated diarrhea, the inclusion of B.

animalis subsp. lactis may be biologically plausible in
children receiving antibiotics because bifidobacteria
are among the commensal microorganisms affected by
antibiotic-induced dysbiosis (6-8).

MATERIAL AND METHOD
Study Design and Population

This study was designed as a retrospective, observational,
comparative, multicenter real-world study. Medical records
of children aged 2-12 years who presented to pediatric
outpatient clinics and/or relevant pediatric departments
across 15 centers between January 1,2026,and June 1, 2026,
and were prescribed antibiotic therapy for any infectious
diagnosis were retrospectively reviewed. No intervention
was performed, no treatment regimen was modified, and
no biological samples were collected for the purpose of the
study; all analyses were based solely on existing patient files,
electronic medical records, prescription data, and follow-up
notes.

Children were eligible for inclusion if they were aged 2-12
years, had been prescribed antibiotic therapy within the
specified study period, and had sufficiently documented
antibiotic use and clinical follow-up data. Patients were
excluded if they had active diarrhea before the initiation
of antibiotic therapy, chronic gastrointestinal disease,
immunodeficiency, ongoing oncologic treatment, intensive
care unit admission, severe chronic systemic disease,
unclear documentation of probiotic use, or incomplete
medical records.

Patient Selection and Study Flow

During the study period, 300 children aged 2-12 years who
were prescribed antibiotic therapy foraninfectious diagnosis
were initially screened across 15 participating centers. Of
these, 150 children had received probiotic supplementation
in addition to antibiotic therapy and 150 children had
received antibiotic therapy alone. After review of eligibility
and follow-up documentation, 30 patients in the probiotic
group and 30 patients in the control group were excluded
because they did not attend follow-up/control visits or had
incomplete medical record data for the predefined study
variables. Therefore, the final analysis included 240 children,
comprising 120 patients in the probiotic group and 120
patients in the control group.

Study Groups

Patients were stratified into two groups according to the
use of probiotic supplementation containing Lactobacillus
rhamnosus GG and Bifidobacterium animalis subsp. lactis
during the course of antibiotic therapy. Children who
received this probiotic supplementation concomitantly
with antibiotics constituted Group 1, the probiotic group,
whereas those who received antibiotic therapy alone and
did not use any probiotic supplement constituted Group
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2, the control group. After exclusion of patients with
incomplete follow-up or insufficient medical record data,
120 patients remained in each group for the final analysis.

Data Collection

Data were retrospectively collected using a standardized
case report form. Demographic characteristics, clinical
diagnosis, indication for antibiotic therapy, prescribed
antibiotic agent, route and duration of antibiotic
administration, probiotic use, repeat healthcare visits,
hospitalization, antibiotic modification or discontinuation,
and need for additional treatment were extracted from
patient files, electronic medical records, prescription
records, and routine outpatient follow-up notes.

Gastrointestinal symptoms and stool-related outcomes,
including stool softening, increased stool frequency,
diarrhea onset and duration, maximum daily stool
frequency, Bristol Stool Form Scale score, abdominal pain
or cramping, flatulence, bloating, and nausea or vomiting,
were obtained from routine follow-up documentation when
these findings had been recorded as part of standard clinical
care. School/daycare absenteeism and parental workday
loss were extracted only when they were documented in
the medical records or routine follow-up notes as caregiver-
reported information. No telephone interviews, face-to-
face interviews, or additional prospective data collection
procedures were conducted specifically for this study.
Patients with insufficient documentation for the predefined
study variables were excluded from the analysis.

Outcome Measures

The primary outcome was the occurrence of antibiotic-
associated diarrhea. Antibiotic-associated diarrhea was
defined as the development of three or more loose or watery
stools within a 24-hour period during antibiotic therapy or
after completion of the antibiotic course, in the absence of
any alternative clinical explanation.

Secondary outcomes were selected to capture both
gastrointestinal  tolerability and clinically relevant
downstream consequences of antibiotic therapy. These
included parent-reported stool softening, increased stool
frequency, time to diarrhea onset, duration of diarrhea,
maximum number of stools per day, Bristol Stool Form Scale
score, abdominal pain or cramping, flatulence, bloating,
nausea or vomiting, repeat healthcare visits, number of
repeat visits, hospitalization, antibiotic modification or
discontinuation, need for additional treatment, school or
daycare absenteeism, and parental workday loss.

Statistical Analysis

The distribution of continuous variables was assessed using
the Shapiro-Wilk test. Because continuous and ordinal
variables did not follow a normal distribution, between-
group comparisons were performed using the Mann-
Whitney U test, and the results are presented as median and

interquartile range. Categorical variables were summarized
as frequencies and percentages and compared between
groups using Pearson’s chi-square test or Fisher’s exact test,
as appropriate.

For the primary outcome, relative risk, absolute risk
reduction, and the number needed to treat were calculated.
Multivariable logistic regression analysis was performed to
identify independent variables potentially associated with
the development of antibiotic-associated diarrhea. The
modelincluded age, sex, duration of antibiotic therapy, route
of antibiotic administration, number of antibiotic courses in
the preceding 12 months, history of antibiotic-associated
diarrhea within the preceding 12 months, and study group.
Results are reported as odds ratios with 95% confidence
intervals and corresponding p values. A two-sided p value
of <0.05 was considered statistically significant.

Ethical Considerations

Given the retrospective nature of this medical record review,
no study-related intervention was performed, no biological
samples were obtained, and no changes were made to
the patients’ diagnostic or therapeutic management. All
data were anonymized before analysis, and direct personal
identifiers, including patient names, national identification
numbers, and telephone numbers, were excluded from the
analytical dataset. The study protocol was approved by the
relevant institutional ethics committee and was conducted in
accordance with the principles of the Declaration of Helsinki.

RESULTS

Patient Flow

Atotal of 300 children wereinitially screened for eligibility,
including 150 children who had received probiotic
supplementation in addition to antibiotic therapy and
150 children who had received antibiotic therapy alone.
Thirty patients in the probiotic group and 30 patients
in the control group were excluded because they did
not attend follow-up/control visits or had incomplete
medical record data for the predefined study variables.
Accordingly, the final study population consisted of 240
children, with 120 patients in the probiotic group and
120 patients in the control group (Figure 1).

Baseline Demographic and Clinical Characteristics

Baseline demographic, clinical, and antibiotic-related
characteristics of the study groups are presented in Table
1. The two groups were comparable with respect to age,
sex, indication for antibiotic therapy, prescribed antibiotic
agent, route and duration of antibiotic administration,
number of antibiotic courses in the preceding 12 months,
and previous history of antibiotic-associated diarrhea.
Tonsillopharyngitis was the most common indication for
antibiotic therapy, and amoxicillin/clavulanic acid was the
most frequently prescribed antibiotic in both groups.
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Probiotic group initially
identified
(n = 150)

Excluded: n =30
Reason: did not attend follow-
up/control visits or had incomplete
medical record data

Final probiotic group
(n=120)

Initially screened patients
(n =300)

Final analysis
(n = 240)

Control group initially identified
(n =150)

Excluded: n =30
Reason: did not attend follow-
up/control visits or had incomplete
medical record data

Final control group
(n=120)

Figure 1. Patient flow diagram showing initial screening, exclusion due to incomplete follow-up or insufficient medical record data, and final group

allocation.

Table 1. Baseline Demographic, Clinical, and Antibi

ic-Related Characteristics of the Study Groups

Parameter Probiotic Group Control Group P
(Group 1,n=120) (Group 2,n=120) Value

Age (years), median (IQR) 7.0 (5.0-8.0) 6.0 (4.0-8.0) 0.145
Sex, female, n (%) 55 (45.8%) 57 (47.5%) 0.897
Indication for Antibiotic Treatment, n (%) 0.889

Acute otitis media 10 (8.3%) 11(9.2%)

Skin and soft-tissue infection 8 (6.7%) 9 (7.5%)

Urinary tract infection 19 (15.8%) 14 (11.7%)

Pneumonia 19 (15.8%) 24 (20.0%)

Sinusitis 9 (7.5%) 7 (5.8%)

Tonsillopharyngitis 55 (45.8%) 55 (45.8%)
Antibiotic Agent, n (%) 0.911

Amoxicillin/clavulanic acid 95 (79.2%) 92 (76.7%)

Macrolide 12 (10.0%) 12 (10.0%)

Macrolide + ceftriaxone 1(0.8%) 2 (1.7%)

Ceftriaxone 12 (10.0%) 14 (11.7%)
Route of antibiotic administration, oral, n (%) 107 (89.2%) 104 (86.7%) 0.692
Duration of antibiotic therapy (days), median (IQR) 7.0 (7.0-7.0) 7.0 (7.0-7.0) 0.651
Number of antibiotic courses in the preceding 12 months, median (IQR) 4.0 (3.0-5.0) 3.0(3.0-4.2) 0.089
Number of antibiotic-associated diarrhea episodes in the preceding 12 months, median (IQR) 2.0(2.0-2.0) 2.0(1.8-2.0) 0.205

IQR, interquartile range (25th-75th percentile). Continuous variables were compared using the Mann-Whitney U test and are presented as median (IQR); categorical variables were compared
using the chi-square test and are presented as n (%). A two-sided P value <0.05 was considered statistically significant.

Primary Outcome: Incidence of Antibiotic-
Associated Diarrhea

The primary outcome is summarized in Table 2.
Antibiotic-associated diarrhea occurred in 20 of 120
patients (16.7%) in the probiotic group and in 39 of 120
patients (32.5%) in the control group; this between-
group difference was statistically significant (p=0.007).

The calculated relative risk (RR) was 0.51 (95% Cl: 0.32-
0.83), indicating that probiotic supplementation was
associated with a lower risk of antibiotic-associated
diarrhea compared with antibiotic therapy alone. The
absolute risk reduction was 15.8%, corresponding to a
number needed to treat (NNT) of 6.3. The unadjusted
odds ratio (OR) was 0.42 (95% Cl: 0.23-0.77).
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Secondary Clinical Outcomes Gastrointestinal Adverse Event Profile
Primary and secondary clinical outcomes are summarized =~ Concomitant  gastrointestinal ~ symptoms  during

inTable 2. Compared with the control group, the probiotic
group showed more favorable outcomes in terms of
antibiotic-associated diarrhea, stool-related parameters,
gastrointestinal symptoms, healthcare utilization, and
social burden. In particular, diarrhea duration, maximum
daily stool frequency, gastrointestinal symptom rates,
repeat healthcare visits, need for additional treatment,
school/daycare absenteeism, and parental workday
loss were lower among children receiving probiotic
supplementation.

Diarrhea Severity and Duration

Among patients who developed diarrhea (Group 1,
n=20; Group 2, n=39), the median duration of diarrhea
was significantly shorter in the probiotic group than in
the control group (2.0 days [IQR, 1.0-2.0] vs. 7.0 days [IQR,
5.0-7.0]; p<0.001), with a large effect size (r=0.80). In
addition, diarrhea onset occurred later among patients in
the probiotic group compared with those in the control
group (median day 2 vs. day 1; p<0.001).

When the entire study population was evaluated (n=120
per group), the median Bristol Stool Form Scale score was
lower in the probiotic group than in the control group
(4.0 TIQR, 3.0-5.0] vs. 5.0 [IQR, 4.0-7.0]; p<0.001). The
maximum daily stool frequency was also significantly
lower in the probiotic group (median 3.0 vs. 5.0 stools/
day; p<0.001).

antibiotic therapy were consistently less frequent
among children in the probiotic group than among
those in the control group. Abdominal pain or cramping
was observed in 12.5% of patients receiving probiotic
supplementation compared with 35.0% of controls
(p<0.001). Similarly, flatulence was reported in 10.0%
versus 31.7% of patients (p<0.001), bloating in 10.8%
versus 40.0% (p<0.001), and nausea/vomiting in 14.2%
versus 37.5% (p<0.001), respectively.

Healthcare Utilization and Clinical Management

The probiotic group also showed a more favorable
profile with respect to healthcare utilization and
subsequent clinical management (Figure 2). The rate of
repeat healthcare visits was 7.5% in the probiotic group
compared with 35.0% in the control group (p<0.001).
Among patients who required repeat visits, the median
number of visits was also lower in the probiotic group
(1.0 vs. 2.0; p=0.021). Hospitalization occurred in 4.2%
of patients in the probiotic group and 12.5% of those
in the control group (p=0.036). The need for antibiotic
modification or discontinuation was observed in 4.2%
versus 13.3% of patients (p=0.022), respectively, while
the requirement for additional treatment, including oral
rehydration solution and/or antidiarrheal therapy, was
significantly lower in the probiotic group than in the
control group (3.3% vs. 17.5%; p<0.001).

Table 2. Comparison of Primary and Secondary Clinical Outcomes Between Groups

Probiotic Control Group

Parameter Group (Group (Group 2, Val:ue Effect Size / RR (95% CI)
1,n=120) n=120)

Antibiotic-associated diarrhea, n (%) [Primary Outcome] 20 (16.7%) 39 (32.5%) 0.007 RR=0.51(95% Cl 0.32-0.83)

Parent-reported stool softening score (0-4), median (IQR) 0.0 (0.0-4.0) 2.0(1.0-4.0) <0.001 r=0.359

Parent-reported increase in stool frequency score (0-3), median (IQR) 0.0 (0.0-3.0) 2.0(2.0-3.0) <0.001 r=0.518

Day of diarrhea onset, median (IQR) (n=20/39) 2.0 (2.0-4.0) 1.0 (1.0-2.0) <0.001 r=0.642

Duration of diarrhea (days), median (IQR) (n=20/39) 2.0(1.0-2.0) 7.0 (5.0-7.0) <0.001 r=0.796

Maximum daily stool frequency, median (IQR) 3.0 (3.0-3.0) 5.0 (3.0-7.0) <0.001 r=0.581

Bristol Stool Scale score (1-7), median (IQR) 4.0 (3.0-5.0) 5.0 (4.0-7.0) <0.001 r=0.326

Abdominal pain/cramping, n (%) 15 (12.5%) 42 (35.0%) <0.001 —

Flatulence, n (%) 12 (10.0%) 38 (31.7%) <0.001 —

Bloating, n (%) 13 (10.8%) 48 (40.0%) <0.001 —

Nausea/vomiting, n (%) 17 (14.2%) 45 (37.5%) <0.001 —

Repeat healthcare visit, n (%) 9 (7.5%) 42 (35.0%) <0.001 —

Number of repeat visits, median (IQR) (n=9/42) 1.0 (1.0-1.0) 2.0(1.0-2.0) 0.021 r=0.452

Hospitalization, n (%) 5 (4.2%) 15 (12.5%) 0.036 —

Antibiotic switch/discontinuation, n (%) 5 (4.2%) 16 (13.3%) 0.022 —

Need for additional treatment (ORS/antidiarrheal), n (%) 4 (3.3%) 21 (17.5%) <0.001 —

School/daycare absenteeism (days), median (IQR) 3.0 (3.0-5.0) 7.0(7.0-8.0) <0.001 r=0.763

Parental work-loss days, median (IQR) 3.0 (2.0-5.0) 8.0(7.0-8.0) <0.001 r=0.82

IQR, interquartile range (25th-75th percentile); RR, relative risk; Cl, confidence interval; r, rank-biserial correlation coefficient (effect size for the Mann-Whitney U test); ORS, oral rehydration
solution. Continuous and ordinal variables were compared using the Mann-Whitney U test and are presented as median (IQR); categorical variables were compared using the chi-square test and
are presented as n (%). The primary outcome row is highlighted. "—" indicates that an effect size/RR was not calculated for categorical comparisons. A two-sided P value <0.05 was considered

statistically significant.
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Figure 2. Comparison of Healthcare Utilization and Clinical
Management Outcomes Between the Study Groups.

Group comparisons were performed using the chi-square test or
Fisher’s exact test, as appropriate. *P < 0.05; ***P < 0.001.

Social and Family Impact

The indirect social burden associated with antibiotic-
associated diarrhea was also significantly lower in
the probiotic group. The median duration of school/
daycare absenteeism was 3.0 days (IQR, 3.0-5.0) in the
probiotic group, compared with 7.0 days (IQR, 7.0-
8.0) in the control group (p<0.001, r=0.76). Likewise,
parental workday loss was significantly lower in the
probiotic group, with a median of 3.0 days (IQR, 2.0-
5.0), compared with 8.0 days (IQR, 7.0-8.0) in the control
group (p<0.001, r=0.82).

Subgroup Analysis Within the Probiotic Group:
Characteristics of Patients Who Developed Diarrhea
Despite Probiotic Supplementation

Within the probiotic group, patients who developed
antibiotic-associated  diarrhea  despite  receiving
probiotic supplementation (n=20) were compared with
those who did not develop diarrhea (n=100). The results
of this subgroup analysis are presented in Table 3.

Patients who developed diarrhea had a significantly longer
duration of antibiotic therapy than those who remained
diarrhea-free (median 7.0 [IQR, 7.0-10.0] days vs. 7.0 [IQR,
7.0-7.0] days; p<0.001). They also had a higher number
of antibiotic courses within the preceding 12 months
(median 6.0 [IQR, 5.0-6.0] vs. 3.0 [IQR, 3.0-4.0]; p<0.001)
and a more frequent history of antibiotic-associated
diarrhea during the same period (median 3.0 [IQR, 2.0-4.0]
vs. 2.0 [IQR, 2.0-2.0]; p<0.001). These findings indicate that
greater cumulative antibiotic exposure and a prior history
of antibiotic-associated diarrhea may be important clinical
markers of residual risk for diarrhea, even among children
receiving probiotic supplementation.

The duration of probiotic use was also longer among patients
who developed diarrhea (median 21.0 [IQR, 21.0-30.0] days vs.
10.0 [IQR, 10.0-10.0] days; p<0.001). This association should
not be interpreted causally as indicating that longer probiotic
use increased the risk of diarrhea. Rather, it most likely reflects
reverse causation, whereby clinicians may have extended
probiotic supplementation in response to the development
of diarrhea or persistent gastrointestinal symptoms. No
statistically significant differences were observed between
the two subgroups with respect to other probiotic-related
parameters, including daily dose, the time interval between
antibiotic and probiotic intake, and adherence rate (all p>0.05).

Multivariable Analysis: Independent Risk Factors for
Antibiotic-Associated Diarrhea

To account for potential confounding factors, a
multivariable logistic regression model was constructed
in the overall study population (n=240), with the
development of antibiotic-associated diarrhea as the
dependent variable. The results are presented in Table 4.
The overall model was statistically significant (likelihood
ratio test, p=0.012; McFadden pseudo R*=0.067).

Table 3. Comparison of Patients With and Without Antibiotic-Associated Diarrhea Within Group 1 (Probiotic Group).

Parameter Diarrhea (n=20) No Diarrhea (n=100) P Value
Age (years), median (IQR) 7.5(6.0-9.2) 6.0 (5.0-8.0) 0.051
Sex, female, n (%) 10 (50.0%) 45 (45.0%) 0.870
Route of antibiotic administration, oral, n (%) 20 (100.0%) 87 (87.0%) 0.122
Duration of antibiotic therapy (days), median (IQR) 7.0 (7.0-10.0) 7.0 (7.0-7.0) <0.001
Number of antibiotic courses in the preceding 12 months, median (IQR) 6.0 (5.0-6.0) 3.0 (3.0-4.0) <0.001
Number of antibiotic-associated diarrhea episodes in the preceding 12 months, median (IQR) 3.0 (2.0-4.0) 2.0(2.0-2.0) <0.001
Day of probiotic initiation relative to antibiotic start (O=concurrent), median (IQR) 1.0 (0.0-1.0) 0.0 (0.0-1.0) 0.144
Duration of probiotic use (days), median (IQR) 21.0 (21.0-30.0) 10.0 (10.0-10.0) <0.001
Daily dose (sachets/day), median (IQR) 1.0 (1.0-1.0) 1.0 (1.0-1.0) 1.000
Time from antibiotic dose to probiotic intake (hours), median (IQR) 2.0 (2.0-3.0) 2.0 (2.0-2.2) 0.262
Adherence (%), median (IQR) 100.0 (100.0-100.0) 100.0 (100.0-100.0) 0.203
School/daycare absenteeism (days), median (IQR) 5.0 (3.0-7.0) 3.0 (2.8-5.0) 0.001
Parental work-loss days, median (IQR) 5.0 (3.0-7.0) 3.0 (2.0-5.0) 0.019
Repeat healthcare visit, n (%) 3 (15.0%) 6 (6.0%) 0.171
Hospitalization, n (%) 2 (10.0%) 3(3.0%) 0.193
Antibiotic switch/discontinuation, n (%) 1(5.0%) 4 (4.0%) 1.000
Need for additional treatment, n (%) 1 (5.0%) 3 (3.0%) 0.523

IQR, interquartile range (25th-75th percentile). Continuous variables were compared using the Mann-Whitney U test and are presented as median (IQR); categorical variables were compared
using the chi-square test or Fisher’s exact test, as appropriate, and are presented as n (%). A two-sided P value <0.05 was considered statistically significant.




Pediatr Pract Res. 2026;14(1):1989524

Arica et al.

Table 4. Results of the Multivariable Logistic Regression Analysis for the Development of Antibiotic-Associated Diarrhea

(n=240).

Variable OR 95% Confidence Interval P Value
Control Group (ref: Probiotic) 2.58 1.35-4.91 0.004
Antibiotic Duration (days) 1.19 1.04-1.37 0.014
Age (years) 1.09 0.95-1.26 0.205
Sex: Female (ref: Male) 1.10 0.59-2.05 0.763
Route of Antibiotic Administration: Oral (ref: Other) 0.81 0.32-2.07 0.658
Number of Antibiotic Courses in the Preceding 12 Months 1.14 0.85-1.52 0.383
Number of Antibiotic-Associated Diarrhea Episodes in the Preceding 12 Months 1.09 0.83-1.43 0.524

Model: n=240; Nagelkerke/McFadden pseudo R*=0.067; likelihood ratio test P=0.012

OR, odds ratio (adjusted). Reference categories: Probiotic for Group, Male for Sex, and Other (intravenous/intramuscular/oral+intramuscular) for Route of Antibiotic Administration. A two-sided

P value <0.05 was considered statistically significant.

After adjustment for the other covariates included in
the model, assignment to the control group, that is, not
receiving probiotic supplementation, was identified
as an independent risk factor for antibiotic-associated
diarrhea (adjusted OR=2.58;95% Cl: 1.35-4.91; p=0.004).
In addition, each one-day increase in the duration
of antibiotic therapy was independently associated
with a higher risk of diarrhea (adjusted OR=1.19; 95%
Cl: 1.04-1.37; p=0.014). Age, sex, route of antibiotic
administration, number of antibiotic courses in the
preceding 12 months, and the number of antibiotic-
associated diarrhea episodes during the preceding 12
months were not statistically significant independent
predictors in this model (all p>0.05).

Findings Related to Probiotic Use Characteristics

Within the probiotic group (n=120), an additional
exploratory logistic regression analysis was conducted
to examine whether probiotic-related variables,
including timing of initiation, duration of use, interval
between antibiotic and probiotic administration, and
adherence, were associated with the development of
antibiotic-associated diarrhea.

Delayed initiation of probiotic supplementation relative
to the start of antibiotic therapy was significantly
associated with a higher risk of antibiotic-associated
diarrhea (OR=6.43; 95% Cl: 1.48-28.05; p=0.013),
suggesting that earlier initiation may be clinically
relevant. By contrast, the interval between antibiotic
and probiotic intake (OR=1.34; 95% Cl: 0.53-3.36;
p=0.537) and adherence rate (OR=1.10; 95% Cl: 0.97-
1.24; p=0.156) were not significantly associated with
diarrhea risk in this model.

A positive association was also observed between
longer duration of probiotic use and diarrhea risk
(OR=1.25; 95% Cl: 1.14-1.38; p<0.001). However, this
finding should be interpreted cautiously, as it is likely
influenced by reverse causation; clinicians may have
prolonged probiotic supplementation in response to
the onset or persistence of gastrointestinal symptoms
rather than prolonged use being a causal factor for
diarrhea.

DISCUSSION

In this multicenter real-world cohort study, probiotic
supplementation containing *Lactobacillus rhamnosus*
GG and *Bifidobacterium animalis* subsp. *lactis*
was associated with a lower occurrence of antibiotic-
associated diarrhea and more favorable gastrointestinal
tolerability outcomes among children aged 2-12 years
receiving antibiotic therapy. The findings also suggest
that children receiving probiotic supplementation had
lower healthcare utilization and reduced family-related
social burden. However, given the retrospective and
non-randomized design, these associations should be
interpreted cautiously, particularly because unmeasured
confounding factors may have influenced both probiotic
use and clinical outcomes.

Antibiotic exposure may precipitate gastrointestinal
adverse events by perturbing the ecological stability
of the gut microbiota, reducing microbial diversity,
altering the balance of commensal communities,
and compromising intestinal barrier integrity. From
this perspective, probiotic and synbiotic strategies
administered during antibiotic therapy should be
considered not merely as interventions aimed at
reducing the occurrence of diarrhea, but as approaches
intended to preserve or restore microbial homeostasis
and enhance overall gastrointestinal tolerability.
Contemporary evidenceindicates thatthe clinical efficacy
of probiotics in antibiotic-associated diarrhea is highly
context dependent and is influenced by strain specificity,
administered dose, timing of initiation, duration of use,
and host-related factors (9, 10). Accordingly, the present
findings should primarily be interpreted in relation to
probiotic supplementation containing two bacterial
strains, rather than as evidence for the independent
effect of any specific non-bacterial component of the
formulation.

Lactobacillus rhamnosus GG is among the most
extensively studied probiotic strains for the prevention
of antibiotic-associated diarrhea and has been reported
to exert strain-specific effects in mitigating the
clinical consequences of antibiotic-induced dysbiosis
(6). Bifidobacterium animalis subsp. lactis, in turn, is
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regarded as a probiotic species with potential relevance
to gastrointestinal tolerability in childhood through
mechanisms related to the support of gut microbial
composition, preservation of intestinal barrier integrity,
and production of short-chain fatty acids. The combined
use of these two probiotic species may therefore provide
broader microbiota-oriented support by targeting both
the lactobacillus and bifidobacterial axes within an
antibiotic-disrupted intestinal ecosystem.

One of the distinctive aspects of the present study is
that the intervention was evaluated not solely on the
basis of its live microbial components, but also within
the context of its FOS-containing synbiotic structure.
Fructooligosaccharides are prebiotic fibers that reach the
colonlargely undigested and can be selectively fermented
by beneficial microorganisms, particularly bifidobacteria.
Through this mechanism, FOS may support the activity
and persistence of probiotic microorganisms in the gut,
promote short-chain fatty acid production, contribute
to luminal pH regulation, and help maintain intestinal
barrier function (7, 11). Accordingly, the favorable
outcomes observed in this study may be attributable not
only to the individual effects of Lactobacillus rhamnosus
GG or Bifidobacterium animalis subsp. lactis, but also
to a synbiotic interaction potentially enhanced by the
prebiotic contribution of FOS.

Among patients who developed diarrhea, the
substantially shorter median symptom duration
observed in the synbiotic group compared with the
control group (2 vs. 7 days) represents a clinically
relevant finding. In parallel, maximum daily stool
frequency and Bristol Stool Form Scale scores were
also more favorable in children receiving synbiotic
supplementation. These results suggest that
supplementation with two probiotic strains combined
with FOS may be associated not only with a reduced
incidence of antibiotic-associated diarrhea, but also
with attenuation of disease severity and a shorter
clinical course among affected patients. In this context,
the prebiotic properties of FOS, particularly its potential
contribution to stool consistency, bowel regularity, and
microbiota-mediated intestinal homeostasis, may be
important in interpreting the observed clinical benefits.

From the perspective of gastrointestinal tolerability,
all assessed symptoms, including abdominal pain or
cramping, flatulence, bloating, and nausea/vomiting,
were significantly less frequent in the synbiotic group.
Although fermentable fibers such as FOS may initially
be associated with gas production or bloating in some
individuals, the lower rates of flatulence and bloating
observed in the synbiotic group compared with the
control group suggest that FOS, when administered
together with the two probiotic strains, may contribute
to a more balanced gastrointestinal tolerability
profile. This finding supports the concept that FOS

should not be regarded merely as an isolated fiber
component, but rather as a functional element of the
synbiotic formulation that may enhance microbiota-
mediated benefits when combined with probiotic
microorganisms.

Healthcare utilization and clinical management
outcomes further underscored the potential clinical
relevance of synbiotic supplementation. Children in the
synbiotic group had lower rates of repeat healthcare
visits, hospitalization, antibiotic modification or
discontinuation, and need for additional treatment.
These findings suggest that antibiotic-associated
gastrointestinal adverse events should not be viewed
solely as transient symptoms, but as clinically meaningful
events that may influence therapeutic decision-making,
continuity of antibiotic treatment, and healthcare
resource use. The favorable profile observed in the
synbiotic group supports the hypothesis that preserving
gastrointestinal tolerability during antibiotic therapy
may have downstream benefits extending beyond
symptom control, including reduced clinical escalation
and improved treatment persistence.

The social outcomes observed in this study are also
noteworthy. School/daycare absenteeism and parental
workday loss were substantially lower in the synbiotic
group than in the control group. While antibiotic-
associated diarrhea and related gastrointestinal
symptoms impose a direct clinical burden on the child,
they may also translate into caregiver burden and
productivity loss for families. Therefore, the potential
value of synbiotic supplementation containing two
probiotic strains and FOS should be considered not only
in terms of biomedical outcomes, but also with respect
to its association with reduced indirect burden on family
routines and daily life.

In the subgroup analysis, children who developed
diarrhea despite synbiotic supplementation exhibited
a longer duration of antibiotic therapy, greater
cumulative antibiotic exposure over the preceding
12 months, and a more prominent history of prior
antibiotic-associated diarrhea. These findings suggest
that cumulative antibiotic burden and individual
predisposition to gastrointestinal adverse events
may contribute to residual risk, even among children
receiving synbiotic support. Consistently, in the
multivariable model, absence of probiotic/synbiotic
supplementation emerged as an independent predictor
of antibiotic-associated diarrhea, while each additional
day of antibiotic therapy was independently associated
with an incremental increase in risk. Taken together,
these findings highlight the importance of avoiding
unnecessary extension of antibiotic courses and support
the early consideration of microbiota-oriented strategies
to preserve gastrointestinal tolerability during antibiotic
treatment.
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Analyses related to the timing of probiotic initiation
showed that delayed initiation of supplementation
relative to the start of antibiotic therapy was associated
with a higher risk of diarrhea. This finding suggests that
synbiotic supplementation may be more rationally
implemented when started concomitantly with, or
early after, the initiation of antibiotic therapy. However,
the longer duration of supplementation observed
among patients who developed diarrhea should not be
interpreted as evidence that prolonged use increased
diarrhea risk. Rather, this association most likely
reflects reverse causation, whereby clinicians may have
extended supplementation in response to the onset or
persistence of gastrointestinal symptoms.

Several pediatric studies from Tiirkiye have addressed
microbiota-oriented, gastrointestinal, and infection-
related supportive approaches across different
pediatric clinical settings. Although not all of these
studies directly evaluated antibiotic-associated
diarrhea, they collectively provide a national evidence
background for the clinical relevance of probiotic/
synbiotic supplementation, gastrointestinal symptom
assessment, diarrhea-related outcomes, and infection-
associated pediatric morbidity. Previous studies
from Tirkiye have reported favorable outcomes with
selected probiotic or synbiotic preparations in children
with acute infectious diarrhea, including reductions
in diarrhea duration, emergency care duration, and
length of hospital stay (8,14,15,16). In addition,
studies on rotavirus gastroenteritis and silica-based
enterosorbent use have emphasized the importance
of evaluating diarrhea duration, hospitalization, and
clinicallyrelevant gastrointestinal outcomesin pediatric
practice (17, 18). Other national pediatric studies
focusing on infantile colic, probiotic supplementation,
respiratory tract infections, antibiotic resistance, and
uropathogen susceptibility further reflect the broader
clinical context in which gastrointestinal tolerability,
antimicrobial exposure, and supportive treatment
strategies are considered in children (12, 13, 19-22).
Taken together, these data support the need for
more focused real-world studies evaluating probiotic
supplementation specifically in children receiving
antibiotic therapy.

The main strengths of the present study include
its multicenter design with data derived from 15
independent centers, a relatively large sample size
reflecting routine pediatric practice (n=240), and the
systematic assessment of a broad range of secondary
outcomesinadditiontothe primary endpoint,including
gastrointestinal tolerability, healthcare utilization, and
social consequences. Furthermore, the robustness of
the findings was supported by multivariable analyses
demonstrating that the observed associations
persisted after adjustment for potential confounders.

Limitations

This study has several limitations. First, owing to
its retrospective and observational design, causal
inferences cannot be established. Because probiotic
supplementation was not randomized, treatment
allocation may have been influenced by physician
preference, parental expectations, previous
gastrointestinal symptoms, dietary patterns, or other
unmeasured clinical factors. In addition, patients with
incomplete follow-up or insufficient medical record
data were excluded from the analysis, which may have
introduced selection bias..Second, several variables,
including stool consistency, flatulence, bloating,
school/daycare absenteeism, and parental workday
loss, were derived from medical records or parent-
reported information and are therefore susceptible to
documentation and recall bias. Finally, the absence of
stool microbiota analysis limited our ability to directly
elucidate the microbial mechanisms underlying the
observed clinical associations.

CONCLUSION

These multicenter real-world data suggest that probiotic
supplementation containing Lactobacillus rhamnosus
GG and Bifidobacterium animalis subsp. lactis was
associated with a lower incidence and severity of
antibiotic-associated diarrhea, improved gastrointestinal
tolerability, and reduced healthcare utilization and social
burden in children aged 2-12 years receiving antibiotic
therapy. These findings suggest that this two-strain
probiotic approach may represent a practical adjunctive
strategy to support gastrointestinal tolerability during
pediatric antibiotic treatment. However, prospective
randomized studies are needed to confirm these findings
and to clarify strain-specific effects.
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