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ABSTRACT

Background: Antibiotics are indispensable in the treatment of bacterial infections, but their effects extend beyond
the targeted pathogen. By altering the composition and metabolic activity of the intestinal microbiota, antibiotic
exposure can disrupt the ecological balance of the gut, a phenomenon known as antibiotic-induced gut dysbiosis.
Although some changes are temporary, others may persist after treatment and contribute to gastrointestinal
complications, including Clostridioides difficile infection. Objective: This review examines the mechanisms
underlying antibiotic-induced gut dysbiosis, its clinical consequences, and current and emerging approaches to
prevention and management. Methods: A narrative review approach is proposed, drawing on peer-reviewed
literature, clinical trials, and professional guidelines concerning intestinal microbiota, antibiotic-associated
complications, probiotics, dietary interventions, antimicrobial stewardship, and microbiota-based therapies. Before
submission, the search strategy and all references should be verified and updated through a reproducible database
search. Results: Antibiotics can reduce microbial diversity, disturb colonisation resistance, alter intestinal
metabolic pathways, and facilitate the expansion of opportunistic microorganisms. The extent of disruption varies
according to the antibiotic, duration of exposure, host characteristics, and baseline microbial composition.
Prevention primarily depends on appropriate antibiotic prescribing, the shortest effective treatment duration, and
infection-control practices. Dietary measures may support recovery, while probiotics have strain-specific and
indication-dependent evidence. Faecal microbiota transplantation and approved microbiota-based products have
established roles in selected patients with recurrent C. difficile infection, but their use for general microbiome
restoration remains insufficiently supported. Conclusion: Antibiotic-induced gut dysbiosis should be considered
an important consequence of antimicrobial exposure rather than an incidental gastrointestinal disturbance. A
combination of antimicrobial stewardship, individual risk assessment, nutritional support, and evidence-based
management of complications offers the most clinically defensible approach. Further research is needed to identify
patients at greatest risk and develop personalised strategies for microbiome recovery.

KEYWORDS: Antibiotic-associated dysbiosis; gut microbiota; intestinal microbiome; antimicrobial stewardship;
probiotics; prebiatics; Clostridioides difficile; faecal microbiota transplantation.

1. INTRODUCTION

Antibiotics have transformed modern medicine by
making many previously life-threatening bacterial
infections treatable. They remain essential in surgery,
intensive care, oncology, transplantation, and the
management of common community-acquired infections.
However, the benefits of antimicrobial therapy must be
considered alongside its effects on the microorganisms
that normally inhabit the human body.

The gastrointestinal tract contains a complex microbial
community composed of bacteria, archaea, viruses,
fungi, and other microorganisms. These organisms

contribute to digestion, vitamin metabolism, immune
development, maintenance of the intestinal barrier, and
protection against invading pathogens. Rather than
existing as an isolated collection of microbes, the gut
microbiota functions as an interconnected ecosystem that
responds continuously to diet, medications, illness, and
environmental exposures.™

Antibiotics can disturb this ecosystem by eliminating
susceptible microorganisms while allowing resistant or
less susceptible organisms to survive and expand. This
imbalance is commonly described as antibiotic-induced
gut dyshiosis. Its consequences range from transient
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changes in bowel habits to clinically significant
complications, particularly when the disruption affects
microbial functions responsible for pathogen resistance
and intestinal homeostasis.’*!

Importantly, dysbiosis does not occur to the same extent
in every patient. Some individuals experience only mild,
short-lived changes, whereas others develop prolonged
alterations in microbial composition or function.
Recovery also varies:; the return of microbial diversity
does not necessarily mean that the original community
structure or metabolic activity has been completely
restored.?

Despite growing awareness of these effects, the clinical
response to antibiotic-associated dyshiosis remains
inconsistent. Probiotics are frequently used, dietary
recommendations vary, and microbiota-based treatments
are sometimes discussed beyond the conditions for which
their benefits have been established. A clearer distinction
between plausible biological mechanisms, demonstrated
clinical benefits, and experimental interventions is
therefore necessary.

This review discusses the pathophysiology, risk factors,
clinical manifestations, prevention, and management of
antibiotic-induced gut dysbiosis, with particular
emphasis on practical implications for clinical pharmacy
and antimicrobial stewardship.

2. Review Methodology

2.1 Review design

This manuscript is structured as a narrative review. This
design is appropriate for integrating mechanistic
research, clinical evidence, guideline recommendations,
and emerging therapeutic approaches within a broad
clinical topic.

2.2 Literature sources and search strategy

For the submission-ready version, searches should be
conducted in PubMed/MEDLINE, Scopus, Web of
Science, and the Cochrane Library. Relevant clinical
guidelines and regulatory documents should also be
consulted.

Suggested search terms include

foundational studies and recent publications, with
particular attention to clinical trials, systematic reviews,
and professional guidelines.

2.3 Eligibility and evidence appraisal

Priority should be given to peer-reviewed original
research, systematic reviews, randomised controlled
trials, and evidence-based clinical guidelines. Animal
studies and laboratory investigations may be included
when they clarify biological mechanisms, but their
findings should not be presented as established clinical
benefits in humans.

Studies should be evaluated according to design,
population, intervention,  comparator,  outcomes,
limitations, and relevance to clinical practice. Because
this is a narrative review, the author should not claim
systematic screening, duplicate removal, or formal risk-
of-bias assessment unless these procedures have actually
been performed.

2.4 Scope of the review

The review focuses on antibiotic-related changes in the
intestinal microbiota, prevention of clinically important
consequences, restoration of microbial function, and
evidence-based  management.  Antibiotic-associated
diarrhoea and C. difficile infection are discussed as
related clinical outcomes, although they are not
synonymous with dysbiosis.

3. Understanding the Gut Microbiota and Dysbiosis
3.1 Composition of the intestinal microbiota

The human gut microbiota is a dynamic community
whose composition  differs  between individuals.
Common bacterial groups include members of the
Bacillota  (historically  Firmicutes),  Bacteroidota
(historically  Bacteroidetes),  Actinomycetota, and
Pseudomonadota (historically Proteobacteria).

The importance of these organisms extends beyond their
presence or abundance. Many intestinal microorganisms
participate in the breakdown of complex carbohydrates,
production of short-chain fatty acids, transformation of
bile acids, and regulation of host immune responses.
These activities contribute to an intestinal environment
that supports beneficial organisms while restricting the
establishment of pathogens.!!!

e “Antibiotic-induced gut dysbiosis”
e “Antibiotic-associated microbiome disruption” _ o
e  “Intestinal microbiota recovery after antibiotics” 3.2 What_ Is gut dysbiosis? o N
e  “Antibiotic-associated diarrhoea” Gut dysbiosis refers to an alteration in the composition,
o “Clostridioides difficile infection prevention” diversity, or functional activity of the intestinal microbial
o “Probiotics and antibiotic-associated diarrhoea” community that is associated with disruption of normal
“y; : : . SN host-microbe interactions. It does not have one
. Dietary interventions and gut microbiome - . . s .
« . . - universally accepted diagnostic definition or a single
. Faecal microbiota transplantation
cox re . - laboratory marker.
. Microbiota-based therapeutics
¢ “Antlmlc.mb,{al stewardship  and  microbiome £} 10\ing antibiotic exposure, dysbiosis may involve.
preservation e Reduced abundance of susceptible commensal
organisms.
Boolean operators such as AND and OR should be used g
to combine concepts. The search should cover
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e Changes in microbial diversity and community
structure.

e Loss of organisms involved in beneficial metabolic
processes.

e Expansion of resistant bacteria or opportunistic
pathogens.

e  Altered production and transformation of microbial
metabolites.

e Reduced resistance to intestinal pathogen
colonisation.

These changes should be interpreted in context. A
change in relative bacterial abundance does not
automatically establish disease, and a lower diversity
score alone is not sufficient to diagnose clinically
significant dysbiosis.

3.3 Colonisation resistance: the gut's natural defence
One of the most important protective functions of the gut
microbiota is  colonisation  resistance.  Resident
microorganisms compete with potential pathogens for
nutrients and ecological niches, produce inhibitory
substances, modify bile acids, and influence the host
immune system.

When antibiotics substantially disturb this community,
pathogens may encounter fewer competitors and a more
favourable environment for growth. This helps explain
why antimicrobial exposure is a major risk factor for C.
difficile infection and why recurrent infection may persist
even after the initial pathogen has been treated.**

The clinical significance of dysbiosis therefore depends
not only on which microorganisms are lost or gained, but
also on which protective functions are weakened.

4. Mechanisms of Antibiotic-Induced Gut Dysbiosis
4.1 Direct antimicrobial effects on commensal
organisms

Antibiotics are designed to inhibit or kill susceptible
bacteria, but their effects are not confined to the
pathogen responsible for an infection. Systemically
administered antibiotics may reach the intestinal tract
through biliary excretion, intestinal secretion, or other
routes, while orally administered drugs may act directly
within the gut lumen.

The degree of disruption depends on antimicrobial
spectrum, dose, route of administration, intestinal
exposure, and the susceptibility of resident
microorganisms. Broad-spectrum agents can affect a
wider range of commensal bacteria, although the actual
impact varies substantially between drugs and
individuals.

4.2 Reduction in microbial diversity and ecological
stability

A healthy microbial community contains organisms with
overlapping functions and different ecological roles.
Antibiotic exposure may reduce this functional

redundancy by eliminating multiple susceptible species
simultaneously.

When diversity or community stability declines, the
ecosystem may become more vulnerable to further
disturbance. Resistant organisms may expand, and
previously minor populations may become dominant.
These effects can be transient, but studies have
demonstrated that some antibiotic-associated changes
can persist beyond the end of treatment. !

4.3 Disruption of short-chain fatty acid production
Certain intestinal bacteria ferment dietary fibres and
other complex carbohydrates to produce short-chain fatty
acids (SCFAs), including acetate, propionate, and
butyrate.

Butyrate is an important energy source for colonocytes
and contributes to intestinal barrier function and immune
regulation. When antibiotic treatment reduces the
abundance or activity of SCFA-producing organisms,
metabolite production may decline. This can alter the
local intestinal environment and weaken some of the
mechanisms that support mucosal health.

The magnitude and clinical consequences of these
changes vary; a reduction in an SCFA-producing
organism does not necessarily mean that an individual
will develop symptoms.

4.4 Altered bile acid metabolism

Bile acids are involved in lipid digestion and also
influence the growth of intestinal microorganisms. Gut
bacteria transform primary bile acids into secondary bile
acids through several metabolic pathways.

Antibiotic-associated disruption of these pathways can
alter the intestinal bile acid pool. In particular, changes in
bile acid metabolism may reduce the inhibition of C.
difficile spore germination or vegetative growth,
depending on the overall microbial and metabolic
environment.

This mechanism helps connect antibiotic exposure with
impaired colonisation resistance and the risk of C.
difficile infection.™

4.5 Expansion of opportunistic and antimicrobial-
resistant organisms

Antibiotics can create ecological opportunities for
organisms that are intrinsically resistant, have acquired
resistance, or can tolerate the treatment being used. With
susceptible competitors reduced, these organisms may
expand without needing to acquire a new resistance
mechanism during the treatment course.

Such expansion can increase the risk of opportunistic
infection and may facilitate the persistence or
transmission of antimicrobial-resistant  organisms.
Antibiotic exposure can also select for resistance among
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intestinal bacteria, making the gut relevant to the wider
problem of antimicrobial resistance.!

4.6 Impaired intestinal barrier and immune
interactions

The intestinal epithelium, mucus layer, antimicrobial
peptides, and mucosal immune system work together to
maintain separation between intestinal microorganisms
and underlying tissues.

Microbial metabolites and interactions with commensal
organisms contribute to this protective system. When
these interactions are disrupted, barrier function and
immune signalling may be altered. However, the
relationship is complex: findings from animal models
and mechanistic studies should not automatically be
interpreted as proof that dyshiosis causes a specific
inflammatory disease in humans.

4.7 Individual variation in the response to antibiotics
Antibiotic-induced dysbiosis is not a uniform response.
Two patients receiving the same antimicrobial may
experience different degrees of microbial disruption and
different recovery patterns.

Baseline  microbiota ~ composition, age, diet,
comorbidities, previous antibiotic exposure, concurrent
medications, and host immune status may all contribute.
This variation is one reason why a universal probiotic,
dietary regimen, or microbiome-restoration strategy is
unlikely to be appropriate for every patient.

5. Antibiotics Commonly Associated With Gut
Microbiota Disruption

Several antimicrobial classes can alter intestinal
microbial communities, but their effects depend on the
individual drug, exposure, and patient characteristics.

Antibiotic class | Examples Clinical considerations
- Amoxicillin, amoxicillin— | May alter susceptible commensal populations; diarrhoea can occur
Penicillins )
clavulanate during treatment.
Cenhalosorins Cefuroxime, ceftriaxone, Spectrum and intestinal exposure influence ecological effects; some
P P cefixime agents are associated with increased CDI risk.
. Ciprofloxacin, Can disrupt susceptible intestinal bacteria and select for resistant
Fluoroquinolones . .
levofloxacin organisms.
. . . . Particularly important in discussions of antibiotic-associated CDI
Clindamycin Clindamycin risk
Tetracyclines Doxycycline Effect§ vary by exposure and microbial susceptibility; disruption is
not uniform across the class.
. Azithromycin, Can alter community composition and may cause gastrointestinal
Macrolides . .
clarithromycin adverse effects.
Carbapenems Meropenem, imipenem Broad-spectrum activity may produce substantial ecological

disruption, particularly in vulnerable hospitalised patients.

The table provides representative examples rather than a
definitive ranking of dysbiosis risk. The risk of CDI or
other complications cannot be inferred from antibiotic
class alone; local epidemiology, patient factors,
treatment indication, and duration must also be
considered.

6. Risk Factors for Antibiotic-Induced Gut Dysbiosis
6.1 Antibiotic-related factors

The principal treatment-related factors include
unnecessary  antibiotic  exposure,  broad-spectrum
activity, prolonged duration, repeated courses, and
exposure to multiple antibiotics. These factors can
increase the opportunity for ecological disruption,
although the magnitude of risk varies between agents and
clinical circumstances.

6.2 Patient-related factors

Older adults, hospitalised patients, individuals with
serious underlying illness, and those with impaired
immune function may be particularly vulnerable to
clinically significant consequences. Infants also have
developing microbial communities that may respond
differently to antimicrobial exposure.

A history of CDI, previous antibiotic-associated
diarrhoea, frequent healthcare contact, and recurrent
antimicrobial use may further increase concern.

6.3 Diet and lifestyle

Dietary patterns influence the substrates available to
intestinal microorganisms. Low intake of fibre-rich foods
may limit the availability of fermentable carbohydrates
used by beneficial microbial populations. However,
dietary quality alone cannot predict whether an
individual will develop antibiotic-induced dysbiosis.

6.4 Concomitant medications

Other medications may influence gastrointestinal
function, microbial ecology, or the risk of antibiotic-
associated complications. Proton pump inhibitors,
laxatives, immunosuppressive drugs, and medications
that alter intestinal motility may be relevant depending
on the clinical setting.

Medication review should focus on the overall clinical
context rather than assuming that every concurrent
medication causes dysbiosis.
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7. Clinical Consequences of Antibiotic-Induced Gut
Dysbiosis

7.1 Antibiotic-associated diarrhoea
Antibiotic-associated diarrhoea is one of the most
recognisable gastrointestinal complications  of
antimicrobial treatment. It may result from altered
carbohydrate metabolism, changes in bile acid handling,
direct drug effects, or infection.

Not every episode of diarrhoea indicates dysbiosis, and
not every episode is caused by C. difficile. The severity,
timing, associated symptoms, and clinical context
determine whether further investigation is required.

7.2 Clostridioides difficile infection

CDI is among the best-established clinically important
consequences of antibiotic-associated disruption of
colonisation resistance. It can present with diarrhoea and
abdominal discomfort, and severe disease may progress
to colitis, ileus, toxic megacolon, or systemic
complications.

The risk is influenced by antibiotic exposure, age,
healthcare contact, previous CDI, and other host factors.
Recurrence is particularly important because the
microbiota may remain functionally impaired after the
acute infection has been treated.

7.3 Expansion of antimicrobial-resistant bacteria
Antibiotic exposure can select for resistant organisms
within the gut and facilitate their persistence. Although
intestinal carriage does not always lead to infection, the
gut may act as a reservoir from which resistant
organisms can spread or cause infection when host
defences are compromised.

This links individual prescribing decisions with broader
infection-prevention and antimicrobial-resistance
concerns.

7.4 Altered metabolic activity

Changes in microbial carbohydrate fermentation, bile
acid transformation, and other metabolic pathways may
affect the intestinal environment. Some of these changes
are reversible, while others may persist for longer
periods.

The clinical importance of individual metabolic changes
remains an active area of research. Associations between
antibiotic exposure, dysbiosis, and long-term metabolic
or inflammatory conditions should be interpreted
cautiously because causality is often difficult to
establish.

7.5 Potential longer-term health implications

Observational research has examined associations
between antibiotic exposure, altered gut microbiota,
immune-mediated conditions, and metabolic disease.
Such findings are biologically plausible but may be

influenced by the underlying infection, healthcare
exposure, diet, and other confounders.

It is therefore premature to conclude that a particular
course of antibiotics will cause a chronic disease through
dysbiosis. The strength of evidence differs substantially
across proposed outcomes, and this uncertainty should be
made explicit in clinical discussions.

8. Prevention of Antibiotic-Induced Gut Dysbiosis
Prevention should begin before the first antibiotic dose.
Once a clinically important infection has developed,
management may be more complex than avoiding
unnecessary exposure in the first place.

8.1 Rational antibiotic prescribing

Antimicrobial stewardship is the most fundamental
preventive strategy. Antibiotics should be prescribed
when a bacterial infection is sufficiently likely or
confirmed and treatment is expected to provide
meaningful clinical benefit.

Unnecessary treatment of viral respiratory infections,
inappropriate empirical prescribing, and continuation of
antibiotics without a clear indication expose patients to
avoidable adverse effects.

Prescribers should consider the likely pathogen, infection
site, severity, patient-specific risk factors, and local
susceptibility patterns.

8.2 Selecting the narrowest effective antibiotic

When clinically appropriate, a narrower-spectrum
antibiotic can reduce unnecessary exposure of non-target
microorganisms. However, narrow-spectrum treatment is
not automatically preferable in every circumstance:
adequate coverage of the responsible pathogen and
timely treatment of serious infections remain the
priorities.

Antibiotic selection should balance clinical efficacy,
resistance patterns, adverse effects, and ecological
impact.

8.3 Optimising treatment duration

Antibiotics should be administered for the shortest
duration that is effective for the specific infection, in
accordance with current evidence and relevant
guidelines.

Longer treatment is not necessarily more effective and
may increase adverse effects and selection pressure.
Conversely, an inadequately short course may result in
treatment failure in certain infections. Duration must
therefore be based on the indication rather than a
universal rule.

8.4 De-escalation and medication review
For hospitalised patients, empirical therapy should be
reviewed when microbiology results and clinical
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progress become available. If broad-spectrum treatment
is no longer necessary, clinicians should consider
narrowing therapy, changing to an appropriate oral agent,
or discontinuing treatment when bacterial infection is not
supported.

Pharmacists can support these decisions through
antibiotic review, dose optimisation, assessment of
interactions, and monitoring for adverse effects.

8.5 Infection prevention and control

Hand hygiene, appropriate environmental cleaning,
isolation precautions when indicated, and evidence-based
infection-control practices help reduce the spread of
enteric pathogens, including C. difficile.

Preventing infections also reduces the need for antibiotic
exposure, creating an additional benefit for microbiome
preservation.

8.6 Nutritional support

A balanced diet containing a variety of fibre-rich plant
foods can provide substrates for microbial fermentation.
Vegetables, fruits, legumes, whole grains, nuts, and
seeds may support microbial metabolic diversity when
they are tolerated and clinically appropriate.

Adequate hydration is important, particularly in patients
experiencing diarrhoea. During acute gastrointestinal
iliness, however, dietary recommendations should be
adapted to symptom severity, nutritional status, and
underlying conditions.

Diet should be viewed as supportive care rather than a
proven method of preventing all antibiotic-associated
dysbiosis.

8.7 Judicious use of probiotics
Probiotics are live microorganisms that confer a health
benefit when administered in adequate amounts. Certain
strains or formulations have been studied for preventing
antibiotic-associated diarrhoea, but effects are not
interchangeable across products.

The evidence varies according to strain, dose, patient
population, timing, and outcome measured. Some studies
suggest a benefit in selected settings, whereas others
show limited or inconsistent effects.

Probiotics should therefore not be prescribed as a
universal solution for microbiome restoration. Particular
caution is warranted in critically ill or severely
immunocompromised patients and in those with central
venous catheters, because rare invasive infections
associated with probiotic organisms have been reported.

8.8 Avoiding unnecessary acid suppression and other
medications

Concomitant medications should be reviewed for
ongoing indication and potential contribution to

gastrointestinal complications. Acid-suppressive therapy,
for example, should be continued when clinically
indicated, but unnecessary long-term use should be
reconsidered as part of routine medication review.

This approach should not involve stopping essential
medication solely because of a theoretical risk of
dysbiosis.

9. Management of Established Antibiotic-Induced
Gut Dysbiosis

Management should be guided by the patient's
symptoms, the suspected mechanism, the presence of
complications, and the strength of evidence supporting
each intervention. There is currently no single treatment
that reliably restores every patient's microbiota to its pre-
antibiotic state.

9.1 Assessing symptoms and excluding serious
complications

The initial assessment should establish the timing of
symptoms in relation to antibiotic exposure, severity of
diarrhoea, hydration status, abdominal pain, fever, blood
in the stool, and relevant risk factors.

Persistent or clinically significant diarrhoea following
antibiotic exposure should prompt consideration of CDI
and other causes. Testing should follow local clinical
guidance and be based on an appropriate symptomatic
presentation rather than indiscriminate testing.

Severe abdominal pain, marked dehydration, bloody
diarrhoea, persistent fever, reduced urine output, or signs
of systemic illness warrant prompt medical assessment.

9.2 Reviewing and modifying antibiotic treatment
When symptoms develop during antibiotic therapy, the
indication, choice, dose, and remaining duration should
be reviewed. If treatment is no longer necessary,
discontinuation may be appropriate; if therapy remains
essential, an alternative may be considered when
clinically effective and supported by the infection's
susceptibility profile.

Antibiotics should not be stopped independently without
considering the infection being treated. The decision
requires balancing the harm of continued exposure
against the risk of undertreating the underlying infection.

9.3 Hydration and supportive care

For patients with uncomplicated diarrhoea, oral
rehydration and replacement of fluid and electrolyte
losses are important. Nutrition should be maintained as
tolerated, with adjustments based on symptoms and
clinical status.

Persistent symptoms should not automatically be
attributed to dysbiosis, especially when they may
indicate CDI, another infection, medication toxicity, or
an underlying gastrointestinal disorder.
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9.4 Dietary strategies to support recovery

Gradually reintroducing a varied diet with adequate fibre
may support the recovery of microbial fermentation and
metabolic function. Fibre-containing foods provide
substrates that can be utilised by many commensal
microorganisms.

The approach should be individualised. Patients with
severe diarrhoea, significant abdominal distension, bowel
obstruction, or other conditions requiring dietary
modification may need a different plan.

Although dietary strategies are biologically plausible and
contribute to general gastrointestinal health, robust
clinical evidence defining the optimal diet, dose, and
timing specifically for antibiotic-induced dyshiosis
remains limited.

9.5 Probiotics and synbiotics

Probiotics may be considered for selected indications
where evidence supports the specific product or strain.
Synbiotics combine live microorganisms with substrates
intended to support them, but their effectiveness also
depends on formulation and clinical context.

Before recommending either intervention, clinicians
should consider the indication, available evidence,
patient immune status, product quality, and potential
harms. A positive result for one probiotic formulation
should not be extrapolated to all products.

9.6 Prebiotics and fermentable dietary substrates
Prebiotics are substrates selectively utilised by host
microorganisms that confer a health benefit. Certain
fibres and related compounds can influence microbial
activity and metabolite production.

However, the ability of a prebiotic to alter the microbiota
does not establish that it prevents antibiotic-associated
complications or accelerates clinically meaningful
recovery. Gastrointestinal tolerance also varies, and
some fermentable substrates may worsen bloating or
discomfort.

Prebiotic supplementation should therefore be regarded
as a potentially useful adjunct rather than an established
treatment for all forms of dysbiosis.

9.7 Treatment of C. difficile infection

CDI requires specific clinical assessment and treatment;
supportive dietary measures and routine probiotics are
not  substitutes  for  appropriate  antimicrobial
management.

Treatment selection depends on disease severity,
recurrence history, patient characteristics, and current
guidelines. Fidaxomicin and oral vancomycin are
important treatment options, with the preferred approach
depending on the clinical context and applicable
recommendations.

For selected patients with recurrent CDI, microbiota-
based therapies may be used after standard-of-care
antibiotic treatment to reduce recurrence risk. The
American  Gastroenterological  Association's 2024
guideline supports selective use of faecal microbiota-
based therapies in appropriately chosen adults with
recurrent CDI, while emphasising the need to consider
immune status and the available evidence.™

9.8 Faecal microbiota transplantation

Faecal microbiota transplantation (FMT) involves
transferring processed stool-derived microbiota from a
screened donor to a recipient to help restore microbial
functions. Its strongest established role is in selected
patients with recurrent CDI, rather than in routine
treatment  of  antibiotic-associated  diarrhoea or
nonspecific dysbiosis.

Potential benefits include restoration of colonisation
resistance and microbial metabolic pathways. However,
FMT is not risk-free. Donor screening, pathogen
transmission, patient selection, delivery method, and
regulatory requirements are essential considerations.

FMT should be performed through appropriately
governed clinical services. It should not be attempted at
home or used indiscriminately for unrelated conditions.

9.9 Approved microbiota-based therapeutics
Microbiota-based products provide more standardised
approaches to restoring or supplementing components of
the intestinal microbial ecosystem. Certain products have
been authorised in specific jurisdictions to prevent
recurrent CDI following antibacterial treatment.

Their indications, availability, patient eligibility, and
administration requirements differ by product and
jurisdiction. These therapies should not be assumed to
treat general antibiotic-induced dysbiosis, irritable bowel
syndrome, or inflammatory bowel disease unless
evidence and applicable approvals support the specific
use.

9.10 Emerging therapeutic approaches

Research is investigating strategies designed to preserve
or restore selected microbial functions rather than simply
increase bacterial diversity. These include defined
microbial consortia, targeted bacteriophage approaches,
microbial metabolite replacement, precision probiotics,
and interventions directed at bile acid metabolism.

Such  strategies may eventually permit more
individualised management. At present, many remain
investigational, and promising mechanistic findings
require confirmation through well-designed human
studies.
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10. Comparative Overview of Prevention and Management Strategies.

Intervention Main purpose

Current evidence and limitations

Reduce avoidable antibiotic

Antimicrobial stewardship exposure

Foundational prevention strategy; must preserve
effective infection treatment.

Appropriate treatment

. Limit unnecessary exposure
duration Y Exp

Strongly dependent on infection-specific evidence
and guidelines.

Dietary diversity and fibre

Support microbial metabolism

Reasonable supportive strategy; optimal dysbiosis-
specific regimen is not established.

. Prevent selected forms of
Probiotics

antibiotic-associated diarrhoea

Strain- and population-specific evidence; not a
universal microbiome treatment.

Prebiotics and synbiotics -
activity

Influence microbial growth and

Promising but heterogeneous evidence for clinical
outcomes.

Hydration and supportive
care

Manage fluid loss and symptoms

Important in diarrhoea; does not directly establish
microbiome restoration.

CDlI-directed antibiotics Treat active CDI

Essential when indicated; treatment should follow
current clinical guidance.

Reduce recurrence of CDlI in
selected patients

FMT and microbiota-based
products

Supported for defined CDI indications; not routine
therapy for nonspecific dysbiosis.

Defined microbial or

metabolite therapies Restore selected functions

Emerging and often investigational.

The table distinguishes supportive measures from
treatments with evidence for specific clinical indications.
No intervention should be assumed to restore the
microbiome fully merely because it improves one
symptom or changes a microbial measurement.

11. Role of the Clinical Pharmacist

Clinical pharmacists can make an important contribution
to preventing and managing antibiotic-induced gut
dysbiosis because many of its risk factors arise from
prescribing decisions and medication exposure.

11.1 Antibiotic selection and stewardship

Pharmacists can evaluate whether antimicrobial therapy
is indicated, assess microbiology results, identify
opportunities  for  de-escalation, and recommend
appropriate treatment duration in collaboration with the
treating team.

11.2 Monitoring adverse drug reactions

Patients should be monitored for diarrhoea, abdominal
discomfort, dehydration, allergic reactions, and other
treatment-related adverse effects. Pharmacists can help
differentiate possible medication-related symptoms from
conditions that require urgent investigation.

11.3 Patient counselling

Counselling should explain why antibiotics should be
used only when indicated, why the prescribed regimen
should be followed as directed, and why leftover
antibiotics should not be used without medical advice.

Patients should also understand that probiotics and
supplements are not automatically necessary whenever
an antibiotic is prescribed.

11.4 Individualised risk assessment
Older adults, patients with previous CDI, those receiving
multiple antibiotics, and patients with significant

immunosuppression may need closer monitoring.
Pharmacists can identify these risk factors during
medication reconciliation and communicate concerns to
the treating team.

11.5 Interprofessional collaboration

Effective management requires communication among
physicians, pharmacists, microbiologists, nurses, and
dietitians. Pharmacists can support rational prescribing
and evidence-based counselling, while other team
members contribute to diagnosis, infection control,
nutritional care, and management of complications.

12. Challenges and Research Gaps

12.1 Lack of a standardised definition of dysbiosis
Dysbiosis is a broad biological concept rather than a
single clinical diagnosis. Studies use different microbial
measurements, thresholds, and outcome definitions,
making comparisons difficult.

12.2 Uncertainty about long-term recovery

Although some microbial communities recover after
antibiotic exposure, the time course varies. More
longitudinal studies are needed to determine which
changes are temporary, which persist, and which have
meaningful effects on patient health.

12.3 Heterogeneity in probiotic studies

Differences in strains, doses, formulations, patient
populations, and outcome measures limit the ability to
produce universal recommendations. Future studies
should report these details consistently and prioritise
clinically meaningful outcomes.

12.4 Limited evidence for dietary interventions

Diet is an important influence on microbial ecology, but
there is insufficient evidence to define one optimal
dietary protocol for preventing or reversing antibiotic-
induced dysbiosis. Research should examine dietary
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patterns, individual tolerance, and interactions with
antibiotic class and baseline microbiota.

12.5 Need for personalised risk prediction

Microbial  profiling, clinical risk scores, and
metabolomic approaches may eventually help identify
patients at increased risk of CDI or prolonged microbial
disruption. Their clinical usefulness will depend on
validation, cost, accessibility, and whether the results
change treatment decisions.

12.6 Safety and accessibility of microbiota-based
therapies

Microbiota-based treatments require careful evaluation
of infectious risks, product consistency, long-term
outcomes, cost, and equitable access. Research should
also establish which patient groups are most likely to
benefit and when treatment should be administered.

12.7 Separating association from causation
Observational links between antibiotic exposure,
microbiome changes, and chronic disease do not
necessarily demonstrate that dysbiosis is the causal
pathway. Studies should account for the underlying
infection, comorbidities, diet, healthcare exposure, and
other confounding variables.

13. Future Perspectives

Future management is likely to move beyond the
assumption that increasing microbial diversity is
sufficient to restore gut health. Greater emphasis may be
placed on functional recovery, including restoration of
beneficial metabolites, bile acid transformation,
colonisation resistance, and intestinal barrier support.

Personalised approaches could integrate patient history,
antibiotic  exposure, microbial composition, and
metabolic measurements to guide prevention. However,
routine microbiome testing is not currently required for
most patients receiving antibiotics, and its value in
guiding treatment remains to be established.

Future clinical trials should compare interventions using
standardised definitions and meaningful outcomes,
including diarrhoea severity, CDI incidence and
recurrence, adverse events, quality of life, antimicrobial
resistance, and longer-term recovery. They should also
assess cost-effectiveness and applicability to different
healthcare settings.

The most immediate opportunity remains practical:
improving antibiotic prescribing, identifying patients at
risk, and applying proven interventions to the
complications that matter most clinically.

14. CONCLUSION

Antibiotic-induced gut dysbiosis reflects the ecological
cost that may accompany otherwise necessary
antimicrobial  treatment. By altering  microbial
composition and function, antibiotics can weaken

colonisation resistance, change intestinal metabolism,
and increase susceptibility to complications such as
antibiotic-associated diarrhoea and CDI.

Prevention begins with rational prescribing, appropriate
antimicrobial selection, and evidence-based treatment
duration. Dietary support and selected probiotic
interventions may have a role, but their benefits depend
on the intervention and clinical indication. Microbiota-
based therapies are valuable for selected patients with
recurrent CDI, yet they should not be generalised to all
forms of dysbiosis.

For clinical practice, the central principle is to preserve
the benefits of effective antibiotic therapy while reducing
avoidable ecological harm. Progress will depend on
better clinical evidence, clearer definitions of dysbiosis,
and interventions that restore meaningful microbial
functions rather than pursuing diversity as an end in
itself.
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