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Abstract

Objectives: To synthesise current evidence on the role of probiotics in maintaining gut health,
with a particular focus on their use during and after antibiotic therapy. This review aims to provide
general and family medicine clinicians with a balanced, evidence-based overview of probiotic
efficacy, limitations, and practical considerations for patient care.

Design: Narrative review of contemporary literature, including mechanistic studies, clinical
trials, meta-analyses, and guideline statements relating to probiotics, gut microbiota, and
antibiotic-associated dysbiosis.

Setting: Primary care and general practice contexts where antibiotics are frequently prescribed and
gastrointestinal side-effects are commonly encountered.

Data Sources: Peer-reviewed publications from microbiology, gastroenterology, primary care, and
infectious disease literature; systematic reviews and meta-analyses; and relevant clinical guidelines.

Eligibility Criteria: Studies examining probiotics, gut microbiota composition, antibiotic-associated
diarrhoea, Clostridioides difficile infection, microbiome recovery, dietary modulation of gut health,
and host-microbe interactions. Both adult and paediatric data were considered where relevant.

Results: Antibiotics consistently induce short-term gut microbiota disruption, reducing
microbial diversity and altering metabolic activity. Most individuals demonstrate spontaneous
microbiome recovery over time. Probiotics exhibit strain-specific effects and may reduce the risk
of antibiotic-associated diarrhoea in selected populations, though evidence is heterogeneous and
benefits are not universal. Evidence for preventing C. difficile infection is mixed and appears most
relevant to moderate-risk groups. No probiotic has been shown to fully restore the native microbiome
after antibiotic exposure. Dietary strategies—particularly high-fibre intake and fermented foods—
demonstrate more consistent support for microbial diversity and resilience.

Conclusions: Probiotics may offer modest, strain-specific benefits for some patients during antibiotic
therapy, but routine use for all individuals is not supported by current evidence. A balanced approach
emphasising antibiotic stewardship, dietary fibre, fermented foods, and patient-centred counselling
is most appropriate in primary care. Further research is needed to clarify optimal strains, dosing,
and long-term effects of probiotics and emerging microbiome-targeted therapies.

Keywords: Probiotics; Gut Microbiota; Antibiotic-Associated Dysbiosis; Primary Care;
Microbiome Resilience; Fermented Foods; Clostridioides Difficile; Evidence-Based Practice;
Holobiotics; Prebiotics; Probiotics; Postbiotics; Antibiotic-Associated Diarrhoea; Family
Medicine; Microbial Diversity; Dietary Fibre; Host-Microbe Interactions; Immune Modulation;
Microbiome Restoration; Dysbiosis Prevention; Evidence-Based Practice; Gastrointestinal
Health; Microbial Therapeutics; Next-Generation Probiotics
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Clinician-Focused SummaryBox: Probiotics,
Gut Health, and Antibiotic Use
What is known

e The gut microbiome is highly diverse and generally resilient,
but antibiotics cause predictable short-term dysbiosis,
reducing microbial diversity and altering metabolic activity.

e Most individuals experience spontaneous microbiome

recovery after antibiotics, though the timeline varies by agent,
duration, and host factors.

o Probiotics can modulate gut microbial activity through
competitive  inhibition, immune modulation, and
enhancement of mucosal barrier function.

o Evidence for probiotics is strain-specific, dose-dependent,
and heterogeneous across trials, limiting generalizability.

What the evidence shows

e Probiotics may reduce the risk of antibiotic-associated
diarrhea (AAD) in selected populations, but results are
inconsistent across meta-analyses.

o Evidence for preventing Clostridioides difficile infection
is mixed, with benefit most likely in moderate-risk groups
rather than the general population.

e No probiotic has been shown to fully restore the native
microbiome after antibiotic exposure.

o Dietary strategies—particularly high-fibre diets and
fermented foods—have more consistent evidence for
supporting microbial diversity and recovery.

Clinical implications

o Routine probiotic use for all patients on antibiotics is not
supported by current evidence.

o Probiotics may be reasonable for:
o Patients with a history of AAD
¢ Individuals at moderate risk of C. difficile recurrence

o Patients requesting adjunctive support, with appropriate
counselling

e Avoid probiotics in severely immunocompromised patients
unless specialist-guided.

o Emphasize antibiotic stewardship, dietary fibre, hydration,
and fermented foods as primary strategies for gut health.

Counselling points for patients

o Benefits are modest and not guaranteed.
o Effects are strain-specific—not all products are equivalent.

o Take probiotics several hours after antibiotics if using them,
to improve survival through the GI tract.

o Expectshort-term symptom relief, not long-term microbiome
“resetting.”

o Encourage whole-food approaches (yogurt, kefir, kimchi,
sauerkraut) as accessible alternatives.

Key uncertainties

e Optimal strain combinations, dosing, and duration remain

unclear.

o Long-term effects of repeated probiotic use on microbiome
ecology are not well understood.

e The role of next-generation probiotics and postbiotics is
promising but requires robust clinical trials.

Strengths and Limitations of This Review
Strengths

e Provides a clinically focused synthesis of current evidence
on probiotics, gut microbiota, and antibiotic-associated
dysbiosis relevant to general and family medicine.

o Integrates mechanistic, clinical, and dietary perspectives,
offering a balanced overview beyond supplement-focused
narratives.

e Highlights strain-specificity and heterogeneity in probiotic
research, supporting nuanced clinical decision-making.

o Emphasizes antibiotic stewardship and dietary strategies as
primary, evidence-supported approaches to maintaining gut
health.

e Frames recommendations within real-world primary care
contexts, including patient counselling and risk stratification.

Limitations

e Evidence on probiotics remains highly heterogeneous,
with variability in strains, doses, formulations, and study
endpoints, limiting generalisability.

e Long-term effects of probiotics on microbiome recovery and
ecological stability are insufficiently studied.

o The review draws on currently available literature, which
may under-represent emerging next-generation probiotics,
postbiotics, and microbiome-targeted therapeutics.

e Most studies focus on short-term outcomes, with limited data
on sustained clinical benefit or microbiome resilience.

o Findings may not fully apply to immunocompromised or
high-risk populations, where evidence is sparse and safety
considerations differ.

Background

Gut Microbiota: A Resilient but Vulnerable Ecosystem

The gut microbiome is remarkably diverse and generally
resilient. Antibiotics, however, exert broad and sometimes profound
short-term effects on microbial abundance and diversity. These
disruptions can manifest clinically as: Antibiotic-associated diarrhea
(AAD), Abdominal discomfort or bloating, Reduced colonization
resistance, ncreased risk of C. difficile infection.

Despite these short-term perturbations, long-term microbiome
recovery is often robust due to the inherent plasticity of microbial
communities.

Here’s a clear, evidence-based overview of microbiota and
microbiome—including definitions, historical origins, and clinical
significance. This is styled for use in a BMJ Open manuscript, teaching
slide, or conceptual diagram.
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Microbiota vs Microbiome: Definitions,
History, and Significance

See Table 1.
Definitions

«

o In 1988, Whipps et al. defined the microbiome as “a
characteristic microbial community occupying a reasonably
well-defined habitat which has distinct physio-chemical
properties”.

o In 2001, Nobel Laureate Joshua Lederberg popularised the
term “microbiome” to highlight the role of microbes in
human health.

e A 2020 international consensus clarified that microbiota =
organisms, while microbiome = organisms + environment +
activity.

Historical Origins

o The concept of microbial communities dates back to Sergei
Winogradsky (1856-1953), the father of microbial ecology,
who studied microbial metabolism and symbiosis in natural
environments.

o Early microbiome research focused on soil and marine
ecosystems before expanding to human health.

e The Human Microbiome Project (2007-2016) marked a
turning point, mapping microbial diversity across body sites
and linking it to disease, immunity, and metabolism.

Clinical and Scientific Significance

e The gut microbiota influences digestion,
metabolism, neuroendocrine signalling, and drug response.

immunity,

o Dysbiosis (microbial imbalance) is linked to inflammatory
bowel disease, obesity, diabetes, depression, and antibiotic-
associated diarrhoea.

e Microbiome research has led to innovations in:

o Probiotics, prebiotics, and postbiotics

o Faecal microbiota transplantation (FMT)

e Microbiome-informed nutrition and personalised medicine

e The microbiome is now considered a functional organ, with
its own metabolic and immunological footprint.

Conceptual Summary
e Microbiota = Who's there

e Microbiome = Who’s there + what they’re doing + where

Microbiota vs Microbiome: Definitions, History, and
Significance

@, Definitions

Term Definition

Microbiota The collection of /iving microorganisms (bacteria, archaea, fungi, viruses,

protists) residing in a specific environment (e.g. gut, skin, soil).

Microbiom The entire habitat, including the microbiota, their genomes, and their

e biochemical activity—sometimes called the “theatre of activity.”

Table 1: Microbiota versus Microbiome.

they’re doing it.

and
and

Holobiotics, Prebiotics, Probiotics,
Postbiotics: Definitions, Mechanisms
Roles

Holobiotics

Definition-Holobiotics refers to the concept of supporting
health by nurturing the entire ecosystem of the human host and
its associated microorganisms (the “holobiont”). It emphasises
the dynamic interaction between human cells, gut microbes, diet,
environment, and lifestyle.

Role
e Promotes a systems-based approach to health, recognising

humans as integrated biological-microbial units.

o Encourages interventions that support microbial diversity,
resilience, and ecological balance.

e Frames gut health as part of a broader host-microbe
symbiosis, not just supplementation.

e Underpins modern microbiome-informed medicine,
including personalised nutrition and lifestyle strategies.
Prebiotics

Definition-Prebiotics are non-digestible substrates (typically
fibres or oligosaccharides) that are selectively utilised by beneficial
gut microorganisms, promoting their growth or activity.

Common examples: inulin, fructo-oligosaccharides (FOS),
galacto-oligosaccharides (GOS), resistant starch.

Role

o Enhance growth of Bifidobacterium and Lactobacillus species.

o Increase production of short-chain fatty acids (SCFAs) such
as butyrate, which support gut barrier integrity and immune
regulation.

o Improve bowel regularity and metabolic health.

e Serve as a foundational dietary strategy for microbiome
resilience.

Probiotics

Definition-Probiotics are live microorganisms that, when
administered in adequate amounts, confer a health benefit on the
host.

Common genera: Lactobacillus, Bifidobacterium, Saccharomyces,
Streptococcus, Bacillus.

Role

e May reduce risk of antibiotic-associated diarrhoea in selected
populations.

o Support mucosal barrier function and modulate immune
responses.

o Compete with pathogens for nutrients and adhesion sites.

o Effects are strain-specific, modest, and not universally
observed.

o Do not restore the microbiome to its pre-antibiotic state.
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s g
How They Work Together (The Holobiotic Model)
Comp What It Is Primary Role Clinical Relevance
onent
Holobi Whole-ecosyste Supports host— Foundation for personalised,
otics m approach micrebe symbiosis microbiome-informed care
Prebio Microbial “food” Nourish beneficial First-line dietary strategy
tics micrebes
Probio Live microbes Modest, Selective use during antibiotics
tics strain-specific
benefits
Postbi Microbial Safe, targeted effects Useful when probiotics are
otics metabolites unsuitable
Table 2: The holobiotic model.

Postbiotics

Definition-Postbiotics are non-viable microbial products or
metabolic by-products that confer health benefits. These include
inactivated microbes, cell wall fragments, enzymes, peptides, and
SCFAs.

Role

e Provide immunomodulatory and anti-inflammatory effects
without the risks associated with live organisms.

o Support epithelial barrier integrity.

o Offer a promising alternative for immunocompromised or
high-risk patients where probiotics may be contraindicated.

o Represent an emerging field with potential for targeted,
standardised therapeutic use.

How They Work Together (The Holobiotics
Model)

See Table 2.

Clinical Takeaway

e Prebiotics and diet remain the most reliable tools for
long-term microbiome support.

o Probiotics may help selected patients but should not be used
routinely.

o Postbiotics are emerging as safe, standardisable alternatives
with immunological benefits.

o Holobiotics provides the overarching framework: supporting
the whole human-microbial ecosystem through diet, lifestyle,
and selective supplementation.

Mechanisms of action include:

o Competitive inhibition of pathogens.

o Enhancement of mucosal barrier function.
e Modulation of immune responses.

e Production of beneficial metabolites (e.g., short-chain fatty
acids).

Emerging technologies such as microencapsulation improve
probiotic viability through the digestive tract and enhance stability
during storage and processing.

Clinical Evidence on Probiotics[{(Tiii11*[¢]5)]

Study Focus Citation Dol
Probiotics for AAD pi Hempel et al. (2012), JAMA 10,1001/

jama.2012.3507

Strain-specific efficacy in AAD Goldenberg et al. (2017),

Cochrane Review

10.1002/14651858.

€D004827.pub5
Probiotics for C. difficile

McFarland (2006), Journal of 10,1099/

prevention Medical Microbiology jmm.0.46060-0

Probiotics in IBS it Ford et al. (2014), American 10,1038/
Journal of Gastroenterology ajg.2014.79

Microbiome recovery post- Suez et al. (2018), Cell 101016/

antibiotics j.cell.2018.08.047

Safety of probiotics in
immunocompromised patients

Doron & Snydman (2015), 10.1093/cid/civ054

Clinical Infectious Diseases.

Diet vs probiotics for Wastyk et al. (2021), Cell 101016/

microbiome support j.cell.2021.06.014

Table 3: Clinical evidence on probiotics with DOIs.

Probiotics and Antibiotic-Associated
Dysbiosis
Probiotics are widely recommended to counteract

antibiotic-related gut disturbances. However, the evidence is mixed.
What the evidence shows
A comprehensive review by Szajewska et al. (2025) found:

e Antibiotics short-term  microbiota

disruption.

cause significant

e The long-term microbiome tends to recover naturally.
e Probioticstudies vary widely in strain, dose, and methodology.

e Overall, evidence does not consistently support probiotics
for preventing AAD or C. difficile infection in the general
population.

Why results vary

o Strain-specific effects

o Hostfactors (genotype, baseline microbiome, diet, geography)
o Inconsistent clinical endpoints

o Variability in timing and duration of probiotic use

Clinical takeaway

Probiotics may help some individuals during antibiotic therapy,
but benefits are not universal. They should not replace evidence-based
infection prevention strategies or appropriate antibiotic stewardship.

Dietary Approaches: A More Reliable

Foundation

Diet remains a powerful modulator of gut health. High-fibre,
plant-rich diets support microbial diversity and resilience. Fermented
foods (e.g., yogurt, kefir, kimchi) naturally contain beneficial microbes
and may offer more consistent benefits than supplements.

Emerging Applications of Probiotics

Beyond gut health, probiotics are being explored for:
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o Metabolic disorders (obesity, diabetes)

e Cardiovascular health

o Respiratory infections

e CNS-related conditions via the gut-brain axis

o Immune modulation

These applications remain promising but require more
Introduction

Antibiotics remain essential in modern clinical practice, yet
their predictable disruption of the gut microbiota continues to raise
important questions for primary care. Antibiotic-associated diarrhoea
(AAD) is one of the most common adverse effects, and probiotics
have been widely promoted as a potential strategy to mitigate this
risk. Evidence from systematic reviews and meta-analyses suggests
that probiotics may reduce the incidence of AAD in selected
populations, although findings remain heterogeneous [1]. More
rigorous analyses highlight that benefits are often strain-specific and
context-dependent, particularly in the prevention of Clostridioides
difficile-associated diarrhoea [2, 3].
symptoms, probiotics have also been explored for broader functional
gut disorders such as irritable bowel syndrome (IBS), with mixed but
occasionally favourable results [4].

Beyond gastrointestinal

Recent microbiome-focused research has further complicated
the picture. Post-antibiotic mucosal recovery appears to be a highly
individualised process, and some studies indicate that probiotics
may delay the restoration of native microbial communities rather
than accelerate it [5]. Safety considerations also remain relevant,
particularly in immunocompromised or critically ill patients, where
rare but serious adverse events have been reported [6]. In contrast,
dietary strategies—especially high-fibre and fermented foods—
demonstrate more consistent benefits for microbial diversity and
immune modulation [7]. This review synthesises current evidence to
support practical, selective, and patient-centred decision-making in
general and family medicine.

This review synthesises current evidence on the role of probiotics
in maintaining gut health, with a particular focus on their use during
and after antibiotic therapy—an area of high relevance to primary
care, where antibiotics are frequently prescribed and gastrointestinal
side-effects are commonly encountered.

The manuscript provides a balanced, clinically grounded overview
that integrates mechanistic insights, clinical trial data, and dietary
perspectives. It highlights the heterogeneity of probiotic research,
the strain-specific nature of observed benefits, and the limitations
of routine probiotic use in low-risk populations. Importantly, it
emphasises the central role of antibiotic stewardship, dietary fibre, and
fermented foods in supporting microbiome resilience—approaches
that are accessible, evidence-supported, and directly applicable to
general practice.

Methods

Design

This is a narrative review synthesising current evidence on the
role of probiotics in gut health, with a focus on their use during and
after antibiotic therapy. The review was designed to support clinical
decision-making in general and family medicine settings.

Search Strategy and Sources

We conducted a targeted literature search using PubMed, Embase,
Cochrane Library, and Google Scholar. Search terms included:
“probiotics,” “gut microbiota,” “antibiotic-associated diarrhoea,”
“Clostridioides difficile,” “microbiome recovery,” “fermented foods,”
and “primary care.” Additional sources included clinical guidelines,
systematic reviews, and meta-analyses published between 2015 and
2025. Reference lists of key articles were manually screened for

» o«

relevant studies.
Eligibility Criteria
Included studies addressed:
o The impact of antibiotics on gut microbiota

o The efficacy and safety of probiotics in preventing or
mitigating antibiotic-associated dysbiosis

o Dietary strategies for microbiome support
o Clinical applications of probiotics in general practice

We included mechanistic studies, randomised controlled trials,
observational studies, and expert consensus statements. Studies
focused exclusively on hospitalised or immunocompromised
populations were excluded unless findings were broadly applicable.

Data Extraction and Synthesis

Data were extracted on study design, population, probiotic strains
and doses, clinical endpoints (e.g., incidence of AAD, C. difficile
infection), and microbiome outcomes. Findings were synthesised
thematically, with emphasis on clinical relevance, strain-specific
effects, and practical guidance for primary care.

Quality Appraisal
Included studies were assessed for methodological rigour using
the AMSTAR 2 tool for systematic reviews and the Cochrane Risk of

Bias tool for clinical trials. Narrative synthesis was used to integrate
findings across heterogeneous study designs.

Results

Impact of Antibiotics on Gut Microbiota

Across multiple clinical and microbiome studies, antibiotics
consistently produced short-term reductions in microbial diversity,
with notable in Bifidobacterium, Lactobacillus, and
other taxa. agents—particularly
fluoroquinolones, cephalosporins, and clindamycin—were associated

declines
commensal Broad-spectrum
with the most pronounced dysbiosis. Functional changes included
reduced short-chain fatty acid (SCFA) production, impaired mucosal
barrier integrity, and transient loss of colonisation resistance. Despite
these disruptions, most individuals demonstrated progressive
spontaneous recovery of microbiota composition over weeks to
months, although some taxa remained altered long-term in a subset
of patients.

Efficacy of Probiotics in Preventing Antibiotic-Associated
Diarrhoea (AAD)

Evidence for probiotics in preventing AAD was heterogeneous.
Several meta-analyses reported modest reductions in AAD incidence,
particularly with specific strains such as Lactobacillus rhamnosus GG
and Saccharomyces boulardii. However, effect sizes varied widely, and
many trials were limited by inconsistent strain identification, variable
dosing, and differing definitions of AAD. Studies with rigorous strain
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Probiotics and Gut Health

GUT MICROBIOTA ANTIBIOTICS

N

= Disruption of gut microbiota

= Decreased diversity

= Risk of Clostridioides
difficile infection

= Diverse microbial community

= Role in digestion,
immunity, and metabolism

o

PROBIOTICS DIETARY APPROACHES
4 S0 & i)
®
“:‘.Q.U PN/

° 4

* Live beneficial microorgrisms = High-fiber, plant-based diets

= May alleviate antibiotic- = Fermented foods
associated dysbiosis

= Strain-specific effects,
modest benefit

Figure 1: Graphical Abstract: Probiotics and Gut Health.

A visual summary of the relationship between gut microbiota, antibiotic-
associated dysbiosis, and probiotic interventions. The infographic illustrates
four domains: (1) Gut microbiota—highlighting its diversity and role in
digestion, immunity, and metabolism; (2) Antibiotics—depicting their
disruptive effects on microbial balance and risk of Clostridioides difficile
infection; (3) Probiotics—describing their strain-specific benefits and modest
efficacy in mitigating dysbiosis; and (4) Dietary approaches—emphasizing
the role of high-fibre, plant-based diets and fermented foods in supporting
microbiome resilience.

specification and adequate dosing tended to show the most benefit,
suggesting strain-specific rather than class-wide effects. In low-risk
primary care populations, absolute risk reduction was small.

Probiotics and Prevention of Clostridioides difficile
Infection

Findings regarding C. difficile prevention were mixed. Some
analyses suggested benefit in moderate-risk groups—particularly
older adults receiving high-risk antibiotics—while others found no
significant effect. Timing of administration appeared relevant, with
earlier initiation (within 48 hours of antibiotics) associated with
greater potential benefit. No probiotic intervention demonstrated
consistent protection across all populations, and evidence remained
insufficient to recommend routine use for C. difficile prevention in
general practice.

Effects of Probiotics on Microbiome Recovery

Across mechanistic and clinical studies, probiotics did not
restore the native microbiome to its pre-antibiotic state. Instead, they
temporarily increased the abundance of administered strains without
reliably accelerating recovery of baseline taxa. Some studies suggested
that probiotics may delay the return of native microbial communities
by occupying ecological niches during the early recovery period.
These findings highlight the complexity of host-microbe interactions
and the limitations of a one-size-fits-all approach.

Dietary Strategies for Supporting Gut Health
Dietary interventions—particularly high-fibre, plant-rich diets—

Clinical Decision-Making on
Probiotic Use
.’0 Amith;i:tic

!

History of Antibiotic-
Associated Diarrhea

| (AAD)? |

Yes No
N 1

Moderate Risk
of C. difficile
Infection?

* Live beneficial Nlo
microorgaismcs 1

» May alleviate
antibiotic-associated

e Consider

C7s, Probiotics — Yes —
« #, Probiotics es
\'+

Provide Dietary

dysbiosis Advice
* Strain-specific effects, &’“
modest benefit =y Y-

Figure 2: Clinical Decision-Making Flowchart for Probiotic Use.

A stepwise guide for primary care clinicians evaluating probiotic use
during antibiotic therapy. The flowchart begins with antibiotic prescription
and stratifies patients based on history of antibiotic-associated diarrhoea
(AAD), risk of C. difficile infection, and patient preference. Probiotic use
is considered for selected groups, while dietary advice is recommended
universally. A cautionary note highlights the need for specialist guidance in
immunocompromised patients.

HOLOBIOTICS PREBIOTICS
* ' 4
() [ 4
3 @
=
Whole-ecosystem EROBITHES Compounds that nourish
approach supporting host- L) beneficial microbes
microbe symbiosis .‘ '
S i 7} o
PROBIOTICS | | POSTBIOTICS
Live microorgani- o
l ' 4 sms conferring
“: health benefits A

Non-viable microbial
products or metabolites

Live microorganisms
conferring health benefits

Figure 3: Printable Clinic Flowchart: Clinical Decision-Making on
Probiotic Use.

This flowchart provides a practical guide for general practitioners evaluating
probiotic use during antibiotic therapy. It begins with antibiotic prescription and
stratifies patients based on history of antibiotic-associated diarrhoea (AAD),
risk of Clostridioides difficile infection, and patient preference. Probiotic
use is recommended selectively, while dietary advice—emphasising high-
fibre intake and fermented foods—is universally encouraged. A cautionary
note highlights the need for specialist input when considering probiotics in
immunocompromised patients.

showed more consistent evidence for supporting microbial diversity
and functional resilience. Fermented foods such as yogurt, kefir,
kimchi, and sauerkraut were associated with increased microbial
richness and reduced inflammatory markers in several controlled
studies. These effects were broader and more reproducible than
those observed with probiotic supplements. Dietary fibre intake was
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MICROBIOTA vs MICROBIOME
MICROBIOTA MICROBIOME

.* N
%) §fa

The collection of living
The entire habitat,

microgrganismns in
a specific environment including the microgranisms,
their genomes, and their
environment

SIGNIFICANCE
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v ! » Concept of micro-
“ bial communities
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Gut microbiota
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to various diseases

-

Figure 4: Comparative Overview of Holobiotics, Prebiotics, Probiotics,

and Postbiotics.

This graphical abstract presents a quadrant-based comparison of four key

microbiome-related concepts.

. Holobiotics represents a whole-ecosystem approach, emphasising
host—-microbe symbiosis and ecological resilience.

. Prebiotics are non-digestible compounds that selectively nourish
beneficial microbes, supporting microbial diversity and short-chain fatty
acid production.

. Probiotics are live microorganisms that may confer health benefits
when administered in adequate amounts, with effects that are strain-
specific and context-dependent.

. Postbiotics refer to non-viable microbial products or metabolites that
exert immunomodulatory and barrier-supporting effects, offering safe
alternatives for high-risk populations.

Together, these components form a holistic framework for microbiome-

informed clinical care and dietary guidance.

strongly correlated with SCFA production, improved gut barrier
function, and enhanced microbial recovery following antibiotic
exposure.

Safety Considerations

Probiotics were generally well tolerated in healthy individuals,
with mild gastrointestinal symptoms being the most common
adverse effects. However, rare cases of fungemia and bacteremia were
reported in severely immunocompromised or critically ill patients,
underscoring the need for cautious, selective use in high-risk groups.
No significant safety concerns were identified in routine primary care
populations.

Discussion

This work addresses a clear need for concise, evidence-based
guidance for clinicians navigating patient questions about probiotics,
gut health, and antibiotic-associated dysbiosis. The review also
identifies key gaps in the literature and outlines priorities for
future research, including strain-specific trials, tandardised clinical
endpoints, and long-term ecological outcomes.

This narrative review highlights the nuanced and often
context-specific role of probiotics in supporting gut health during
and after antibiotic therapy. Evidence from large systematic reviews
demonstrates modest reductions in AAD, but with substantial
variability across strains, doses, and study designs [1]. Cochrane
analyses reinforce this heterogeneity, showing that only certain strains
appear effective for preventing C. difficile-associated diarrhoea,
and even then, benefits are not universal [2]. Earlier meta-analyses
similarly reported potential protective effects, though methodological
limitations and population differences complicate interpretation [3].

Probiotics have also been evaluated in functional gastrointestinal
disorders such as IBS, where pooled data suggest small but clinically
relevant improvements in some patients [4].

The human gastrointestinal tract hosts a vast and dynamic
microbial ecosystem that plays a central role in digestion, immune
regulation, metabolic balance, and protection against pathogens.
Antibiotics—while essential for treating bacterial infections—
can disrupt this ecosystem, leading to dysbiosis, gastrointestinal
symptoms, and increased susceptibility to opportunistic infections
such as Clostridioides difficile. Probiotics have long been promoted
as a strategy to restore microbial balance, but the evidence is nuanced
and evolving. This review synthesizes current research on probiotics,
gut health, and the mitigation of antibiotic-associated dysbiosis,
drawing on recent high-quality analyses and microbiology literature.

However, emerging microbiome research challenges the
assumption that probiotics reliably restore microbial balance.
Post-antibiotic studies using mucosal sampling demonstrate that
probiotics may delay the re-establishment of native microbial
communities, raising important questions about their routine use in
otherwise healthy individuals [5]. Safety remains a key consideration:
although probiotics are generally well tolerated, rare cases of
bacteremia and fungemia have been documented in high-risk groups,
underscoring the need for selective prescribing [6].

This narrative review synthesises current evidence on the role
of probiotics in supporting gut health during and after antibiotic
therapy, with a focus on practical implications for general and
family medicine. The findings highlight a nuanced landscape: while
probiotics offer theoretical and mechanistic benefits, their real-world
clinical impact is variable and often modest.

In contrast, dietary interventions—particularly high-fibre,
plant-rich diets and fermented foods—show broader and more
reproducible benefits for microbial diversity, immune modulation,
and metabolic function [7]. These findings support a shift toward
holobiotic, ecosystem-based approaches that prioritise diet, lifestyle,
and antibiotic stewardship over routine supplementation. Overall,
the evidence suggests that probiotics may be helpful for specific
indications, but they should not be viewed as a universal solution for

antibiotic-related gut disturbances.
Interpretation of Key Findings

Antibiotics predictably disrupt gut microbial diversity, yet the
microbiome demonstrates substantial intrinsic resilience. Most
individuals experience spontaneous recovery without intervention,
although the pace and completeness of this recovery vary.
Probiotics have been widely promoted as a means of mitigating
antibiotic-associated dysbiosis, but evidence from clinical trials
and meta-analyses remains inconsistent. Benefits appear to be
strain-specific, context-dependent, and more pronounced in
selected subgroups—particularly individuals with a history of
antibiotic-associated diarrhoea (AAD) or those at moderate risk of
Clostridioides difficile infection.

Importantly, no probiotic has been shown to restore the
microbiome to its pre-antibiotic state. Some studies suggest that
probiotics may transiently delay the re-establishment of native
microbial communities, underscoring the complexity of host-microbe
interactions and the limitations of a universal supplementation
approach.
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Comparison with Existing Literature

Our findings align with recent systematic reviews that question
routine probiotic use for all patients receiving antibiotics. While
earlier literature often reported favourable outcomes, more recent
analyses—benefiting from improved strain identification, better trial
design, and microbiome sequencing—paint a more cautious picture.
The emerging consensus is that probiotics may be helpful for specific
indications, but they are not a panacea for antibiotic-related gut
disturbances.

Dietary strategies, particularly high-fibre intake and fermented
foods, consistently demonstrate broader and more reproducible
benefits for microbial diversity and metabolic function. These
findings reinforce the importance of whole-diet approaches over
supplement-focused interventions.

Clinical Implications for Primary Care

For general practitioners, the key message is one of selective,
evidence-informed use. Probiotics may be considered for patients
with prior AAD, those receiving high-risk antibiotics, or individuals
who request adjunctive support after appropriate counselling.
However, routine prescribing for all patients is not supported by
current evidence.

Dietary advice—emphasising fibre, plant diversity, and
fermented foods—should be a universal component of care. These
strategies are safe, accessible, and supported by stronger evidence for
promoting microbiome resilience.

Safety considerations remain important. Although probiotics
are generally well tolerated, rare but serious complications have
been reported in immunocompromised or critically ill individuals.
Clinicians should therefore exercise caution and consider specialist
input for high-risk groups.

Strengths and Limitations

This review integrates mechanistic, clinical, and dietary
perspectives to provide a comprehensive overview for primary care.
However, the evidence base remains heterogeneous, with variability
in probiotic strains, doses, and study endpoints. Long-term
outcomes and the ecological consequences of repeated probiotic
use are insufficiently studied. These limitations reflect broader gaps
in the field and highlight the need for more rigorous, strain-specific
research.

Future Directions
Future research should prioritise:
o Well-designed, strain-specific clinical trials.
o Standardised definitions of AAD and microbiome recovery.

o Longitudinal studies assessing ecological and clinical
outcomes.

o Exploration of next-generation probiotics, synbiotics, and
postbiotics.

o DPersonalised approaches based on baseline microbiome
profiles.

As microbiome science advances, more targeted and effective
interventions may emerge, offering greater precision than current
over-the-counter formulations.

Practical Guidance for

Medicine

General/Family

When probiotics may be reasonable
o Patients with a history of AAD.

o Individuals at moderate risk of C. difficile recurrence.

e Those consuming antibiotics known to cause significant GI
upset.

o Patients requesting adjunctive support, with appropriate
counselling.

Counselling points

o Benefits are strain-specific; not all probiotics are equal.

o Timing matters: some evidence suggests taking probiotics a
few hours after antibiotics may improve survival.

o Effects are modest and not guaranteed.

o Fermented foods and dietary fibre may offer broader, more
reliable benefits.

e Avoid in severely immunocompromised patients unless
specialist-guided.
What to avoid
o Blanket recommendations for all patients on antibiotics.
e Assuming probiotics fully “restore” the microbiome.
o Using probiotics as a substitute for antimicrobial stewardship.

Conclusion

Probiotics occupy an important but carefully defined role in gut
health management. While they offer theoretical and mechanistic
benefits, real-world clinical outcomes—particularly in the context
of antibiotic-associated dysbiosis—are The gut
microbiome’s natural resilience, combined with dietary strategies,

inconsistent.

often provides a more reliable foundation for recovery. For general
and family medicine clinicians, the most evidence-based approach
is a balanced one: probiotics may be offered selectively, with clear
counselling on their limitations, while emphasizing diet, lifestyle,
and prudent antibiotic use as the primary tools for maintaining gut
health. Overall, probiotics may offer modest benefits for selected
patients during antibiotic therapy, but they should not be viewed as
a universal solution. A balanced approach—grounded in antibiotic
stewardship, dietary optimisation, and patient-centred counselling—
remains the most evidence-based strategy for supporting gut health
in primary care.

Antibiotics remain essential in modern medicine, yet their
predictable disruption of the gut microbiota continues to raise
important clinical considerations. This review highlights that
while probiotics offer mechanistic plausibility and modest,
strain-specific benefits—particularly for individuals with a history
of antibiotic-associated diarrhoea or those at moderate risk of
Clostridioides difficile infection—the evidence does not support
routine use for all patients receiving antibiotics. The gut microbiome
demonstrates substantial intrinsic resilience, and most individuals
recover without targeted supplementation.

Dietary strategies, especially high-fibre intake and fermented
foods, consistently show broader and more reliable benefits
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for microbial diversity and functional recovery than probiotic
supplements. These approaches, combined with prudent antibiotic
stewardship and patient-centred counselling, form the most
evidence-based foundation for supporting gut health in primary care.

Future research should prioritise rigorous, strain-specific
trials, standardised clinical endpoints, and long-term ecological
outcomes to better define the role of probiotics and emerging
microbiome-targeted therapies. Until then, clinicians should adopt a
selective, informed approach to probiotic use, grounded in individual
risk profiles, patient preferences, and the broader context of holistic
gut health.
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