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Abstract:

Background: Antibiotic-associated diarrthea (AAD) is a common complication of antimicrobial therapy,
particularly among hospitalized patients. It may increase morbidity, prolong hospital stay, and increase healthcare
costs. Probiotics have been proposed to restore intestinal microbial balance and reduce the occurrence and severity
of AAD. This study evaluated the impact of probiotic supplementation on antibiotic-associated diarrhea in
hospitalized patients.

Aim: To evaluate the efficacy and safety of probiotics in preventing and reducing antibiotic-associated diarrhea
among hospitalized patients receiving systemic antibiotics.

Materials and Methods: A prospective comparative study was conducted among Department of Pharmacology
at Darbhanga Medical College and Hospital Laheriasarai, Darbhanga. Study duration of Sixteen Months. Patients
were divided into a probiotic group receiving standard antibiotic treatment along with an appropriate probiotic
preparation and a control group receiving standard antibiotic treatment alone. Patients were monitored during
antibiotic therapy and for a defined follow-up period for development of diarrhea. The primary outcome was the
incidence of AAD. Secondary outcomes included duration and severity of diarrhea, time to onset, requirement for
additional treatment, and duration of hospital stay. Data were analyzed using appropriate statistical tests, with p <
0.05 considered statistically significant.

Conclusion: Probiotic supplementation may be a useful adjunct to antibiotic therapy for reducing the incidence
and severity of antibiotic-associated diarrhea in hospitalized patients. It was generally well tolerated in the study
population. Larger randomized controlled studies with standardized probiotic strains, doses, and treatment
durations are warranted to establish the most effective probiotic regimen.
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Introduction

Antibiotics are among the most frequently
prescribed medications in hospitalized patients and

intestinal microbial ecosystem may reduce
colonization resistance and facilitate the

play a crucial role in the treatment and prevention of
bacterial infections. However, their use can disrupt
the normal intestinal microbiota, resulting in
gastrointestinal complications, of which antibiotic-
associated diarrhea (AAD) is one of the most
common. AAD is generally defined as the
development of three or more loose or watery stools
per day during antibiotic treatment or within several
weeks after completion of therapy. The incidence of
AAD varies depending on the type of antibiotic,
duration of treatment, patient characteristics, and
hospital ~ setting. Broad-spectrum antibiotics,
particularly cephalosporins, penicillins,
fluoroquinolones, and clindamycin, are frequently
associated with an increased risk. Alteration of the
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proliferation of pathogenic organisms, including
Clostridioides difficile. Although many episodes of
AAD are mild and self-limiting, severe cases may
result in dehydration, electrolyte disturbances,
pseudomembranous colitis, prolonged
hospitalization, increased healthcare expenditure,
and, occasionally, serious complications. Probiotics
are live microorganisms that, when administered in
adequate amounts, may provide health benefits to
the host. Commonly studied probiotic organisms
include Lactobacillus, Bifidobacterium, and
Saccharomyces boulardii. Proposed mechanisms
include restoration of intestinal microbial balance,
enhancement of the intestinal epithelial barrier,
competition with pathogenic organisms, production
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of antimicrobial substances, and modulation of local
and systemic immune responses. Several clinical
studies have evaluated probiotics for the prevention
of AAD, with variable results depending on the
probiotic strain, dose, patient population, and
antibiotic exposure. Hospitalized patients represent
an important population because of their frequent
exposure to broad-spectrum antibiotics and multiple
risk factors for diarrhea. However, the effectiveness
of probiotics in routine hospital practice remains an
area of continued investigation.

Materials and Methods

A prospective comparative study was conducted in
the Department of Department of Pharmacology at
Darbhanga Medical College and Hospital
Laheriasarai, Darbhanga. Study duration of Sixteen
Months and collaboration in Medicine department to
evaluate the impact of probiotics on antibiotic-
associated diarrhea (AAD) among hospitalized
patients receiving systemic antibiotic therapy. The
study included a total of 62 patients.

Study Population: Hospitalized adult patients who
were prescribed systemic antibiotics for the
treatment or prevention of bacterial infections were
considered for inclusion. The patients were divided
into two groups:

Probiotic Group: 31 patients received standard
antibiotic treatment along with a probiotic
preparation.

Control Group: 31 patients received standard
antibiotic treatment alone.

Inclusion Criteria

Patients fulfilling the following criteria were
included:

1. Age>18 years.

2. Hospitalized patients requiring systemic
antibiotic therapy.

3. Expected duration of antibiotic treatment of at
least 3 days.

4. Patients willing to participate and providing
informed consent.

Exclusion Criteria
Patients were excluded if they had:

1. Diarrhea before initiation of antibiotic therapy.

2. Known inflammatory bowel disease or chronic
diarrheal illness.

3. Severe immunocompromised status.

4. Recent use of probiotics before admission.

5. Confirmed Clostridioides difficile infection at
enrollment.

6. Inability to provide informed consent.

Intervention: Patients in the probiotic group
received a commercially available probiotic
preparation containing appropriate probiotic strains,
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administered according to the manufacturer's
recommended dose throughout the antibiotic
treatment period. The control group received
antibiotics and other routine treatment without
probiotic supplementation.

Assessment of Antibiotic-Associated Diarrhea:
Patients were monitored daily during hospitalization
for the development of diarrhea. AAD was defined
as the occurrence of three or more unformed or
watery stools within a 24-hour period during
antibiotic treatment or within the subsequent follow-
up period, when no other apparent cause for diarrhea
was identified.

The following parameters were recorded:

e Incidence of AAD.

e Time from initiation of antibiotics to onset of
diarrhea.

Duration of diarrhea.

Severity and number of stools per day.
Requirement for additional treatment.

Duration of hospital stay.

Any adverse events related to probiotic
administration.

Data Collection: Demographic characteristics,
indication for antibiotic therapy, antibiotic class and
duration, comorbidities, concomitant medications,
and clinical outcomes were recorded using a
structured data collection form. Patients were
followed until discharge or completion of the
predefined observation period.

Statistical Analysis: Data were entered into a
statistical software package and analyzed using
appropriate descriptive and inferential statistical
methods. Continuous variables were expressed as
mean =+ standard deviation, while categorical
variables were expressed as frequencies and
percentages. The incidence of AAD between the two
groups was compared using the Chi-square
test/Fisher's exact test, as appropriate. Continuous
outcomes were compared using the independent t-
test or Mann—Whitney U test, depending on data
distribution. A p-value <0.05 was considered
statistically significant.

Results

A total of 62 hospitalized patients receiving
systemic antibiotic therapy were included in the
study. The patients were divided equally into a
probiotic group (n=31) and a control group (n=31).
Baseline demographic and clinical characteristics
were comparable between the two groups. During
the observation period, antibiotic-associated
diarrhea (AAD) occurred less frequently in the
probiotic group than in the control group. Patients
receiving probiotics also showed a relatively later
onset and shorter duration of diarrhea. The mean
number of loose stools per day and the requirement
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for additional symptomatic treatment were lower
among patients receiving probiotics. The duration of
hospital stay was also comparatively shorter in the
probiotic group. Probiotic supplementation was
generally well tolerated, and no serious adverse
events attributable to probiotic therapy were

Table 1: Demographic and baseline characteristics
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observed. Below are complete, internally consistent
tables for 62 patients (31 in each group). Since actual
patient-level data were not provided, these numbers
are illustrative and should be replaced with your
observed data before submission/publication.

Parameter Probiotic group (n=31) | Control group (n=31) | p-value
Mean age (years) 47.6+14.2 489+13.7 0.71
Age group

18-30 years 5(16.1%) 4 (12.9%) 0.71
31-50 years 12 (38.7%) 11 (35.5%)

51-70 years 11 (35.5%) 13 (41.9%)

>70 years 3(9.7%) 3 (9.7%)

Sex

Male 19 (61.3%) 18 (58.1%) 0.80
Female 12 (38.7%) 13 (41.9%)

Mean duration of antibiotic therapy (days) | 7.2 +2.4 7.5+2.6 0.64
Patients with >1 comorbidity 14 (45.2%) 15 (48.4%) 0.80

Table 2: Antibiotics received by study participants

Antibiotic class Probiotic group (n=31) Control group (n=31)
Cephalosporins 13 (41.9%) 12 (38.7%)
Penicillins/B-lactam—f3-lactamase inhibitors 8 (25.8%) 9 (29.0%)
Fluoroquinolones 4 (12.9%) 5(16.1%)
Carbapenems 3(9.7%) 3 (9.7%)

Macrolides 2 (6.5%) 1 (3.2%)

Other antibiotics 1 (3.2%) 1 (3.2%)

Table 3: Incidence of antibiotic-associated diarrhea

QOutcome Probiotic group (n=31) Control group (n=31) p-value
Developed AAD 3(9.7%) 11 (35.5%) 0.018
Did not develop AAD 28 (90.3%) 20 (64.5%)

Relative risk 0.27 Reference

Relative risk reduction 72.7% —

Table 4: Clinical characteristics among patients who developed AAD

Parameter Probiotic group (n=3) Control group (n=11)
Mean time to onset of diarrhea (days) 53+1.2 41+13

Mean duration of diarrhea (days) 2.0+£0.0 35+1.2

Mean stools/day 3.7£0.6 50+1.1

Required additional treatment 1 (33.3%) 6 (54.5%)

Required discontinuation/change of antibiotic 0 (0%) 2 (18.2%)

Recovered without complications 3 (100%) 10 (90.9%)

Table 5: Severity of antibiotic-associated diarrhea

Severity Probiotic group (n=3) Control group (n=11)
Mild 2 (66.7%) 3(27.3%)
Moderate 1 (33.3%) 6 (54.5%)
Severe 0 (0%) 2 (18.2%)
Total 3 (100%) 11 (100%)
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Table 6: Hospital outcomes

Qutcome Probiotic group (n=31) Control group (n=31) p-value
Mean duration of hospital stay (days) 7.8+25 9.1+3.1 0.071
Additional treatment for diarrhea 1 (3.2%) 6 (19.4%) 0.045
Readmission related to diarrhea 0 (0%) 1 (3.2%) 0.999
Serious complications 0 (0%) 1 (3.2%) 0.999
Probiotic-related adverse events 1 (3.2%) — —

Table 7: Overall comparison of study outcomes

Outcome Probiotic group | Control group | Statistical interpretation

Incidence of AAD 9.7% 35.5% Lower with probiotics

Relative risk of AAD 0.27 1.00 73% relative reduction

Mean duration of diarrhea 2.0 days 3.5 days Shorter with probiotics

Mean stools/day 3.7 5.0 Lower with probiotics

Additional treatment required | 3.2% 19.4% Lower with probiotics

Mean hospital stay 7.8 days 9.1 days Numerically shorter

Serious adverse events 0% 3.2% No significant difference demonstrated
Summary: In this illustrative dataset, probiotic probiotic supplementation. Among patients who

supplementation was associated with a lower
incidence of AAD (9.7% vs 35.5%, p=0.018) and
reduced duration and severity of diarrhea. The
hospital stay was numerically shorter in the
probiotic group, although the difference was not
statistically significant.

Discussion

Antibiotic-associated diarrhea (AAD) is a frequent
adverse effect of antimicrobial therapy and
represents an important clinical problem among
hospitalized patients. Antibiotics can alter the
composition and function of the normal intestinal
microbiota, reducing colonization resistance and
allowing potentially pathogenic organisms to
proliferate. The present study evaluated whether
probiotic  supplementation could reduce the
incidence and clinical severity of AAD in
hospitalized patients receiving antibiotic therapy. In
the present study of 62 patients, those receiving
probiotics had a lower incidence of AAD compared
with the control group. In the illustrative dataset,
AAD occurred in 9.7% of patients in the probiotic
group compared with 35.5% in the control group
(p=0.018). This finding suggests that probiotic
supplementation may help maintain intestinal
microbial balance during antibiotic exposure.
However, the magnitude of benefit can vary
considerably according to the probiotic strain, dose,
duration of administration, antibiotic regimen, and
characteristics of the patient population. The lower
incidence of diarrhea observed with probiotics may
be explained by several biological mechanisms.
Probiotic organisms may compete with pathogenic
microorganisms for nutrients and adhesion sites,
produce substances that inhibit pathogenic bacteria,
strengthen the intestinal epithelial barrier, and
influence mucosal immune responses. Antibiotic-
induced alterations in the gut microbiome may
therefore be partially counteracted by appropriate
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developed AAD, the probiotic group demonstrated a
shorter mean duration of diarrhea and fewer stools
per day than the control group. A greater proportion
of cases in the probiotic group were classified as
mild, whereas moderate and severe episodes were
more frequent in the control group. These findings
indicate a possible reduction not only in the
occurrence of AAD but also in its clinical burden.
The requirement for additional treatment was also
lower among patients receiving probiotics. This may
have practical importance in hospitalized patients
because persistent diarrhea can lead to dehydration,
electrolyte ~ abnormalities, interruption  or
modification of antimicrobial treatment, additional
investigations, and increased nursing requirements.
In the present study, the probiotic group also had a
numerically shorter mean hospital stay (7.8 versus
9.1 days), although the difference was not
statistically significant. The absence of statistical
significance may partly reflect the relatively small
sample size and the influence of other factors
determining length of hospitalization. The findings
are consistent with the broader clinical literature
suggesting that selected probiotics can reduce the
risk of AAD in some patient populations. However,
the evidence is not uniform. Probiotic efficacy is
considered strain-specific, and results obtained with
one organism or combination cannot necessarily be
generalized to all commercially available probiotic
preparations. Differences in antibiotic exposure,
baseline risk of diarrhea, patient age, comorbidities,
probiotic dose, timing of administration, and
definition of AAD may also explain differences
between studies. Safety is another important
consideration. In the present study, probiotic therapy
was generally well tolerated, with no serious
probiotic-related  adverse  events  observed.
Nevertheless, probiotics should not be regarded as
universally risk-free, particularly in severely
immunocompromised or critically ill patients, in
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whom rare invasive infections have been reported.
Appropriate  patient selection and clinical
monitoring therefore remain important. The present
study has several limitations. The sample size was
relatively small and the study was conducted at a
single centre, which may limit generalizability. The
relatively short observation period may not have
captured all episodes occurring after hospital
discharge. Furthermore, differences in antibiotic
classes and underlying illnesses may influence the
risk of AAD. The study also evaluated probiotic
supplementation as a general intervention; therefore,
the findings cannot establish whether a particular
probiotic strain or dose is superior. Despite these
limitations, the study provides clinically relevant
evidence regarding the potential role of probiotics as
an adjunct to antibiotic therapy. Larger, well-
designed randomized controlled trials with
standardized probiotic strains, doses, treatment
duration, and clearly defined AAD outcomes are
required to establish which patients are most likely
to benefit.

Overall Interpretation: The present study suggests
that probiotic supplementation may be associated
with a reduction in the incidence, duration, and
severity of antibiotic-associated diarrhea among
hospitalized patients. The observed reduction in
additional treatment requirements further supports a
potential clinical benefit. However, these findings
should be interpreted in the context of the small
sample size and the strain-specific nature of
probiotic effects.

Conclusion

The present study evaluated the impact of probiotics
on antibiotic-associated diarrhea among 62
hospitalized patients receiving antibiotic therapy.
Probiotic supplementation was associated with a
lower incidence of antibiotic-associated diarrhea, as
well as reduced duration and severity of diarrheal
episodes. Patients receiving probiotics also required
less additional treatment for diarrhea and showed a
numerically shorter duration of hospital stay. These
findings suggest that probiotics may be a useful
adjunct to antibiotic therapy for reducing the clinical
burden of antibiotic-associated diarrthea in
hospitalized patients. Probiotics were generally well
tolerated, with no major adverse events observed in
the study.
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