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Abstract

Clostridium difficile infection (CDI) remains a leading cause of antibiotic-associated diarrhea and pseudomembranous
colitis, especially within healthcare environments. The growing frequency of recurrent and antibiotic-resistant CDI
presents a considerable challenge to treatment efforts. Faecal microbiota transplantation (FMT) has gained recognition
as a highly effective treatment for recurrent or treatment-resistant CDI by reestablishing a healthy gut microbiota. This
review examines the underlying mechanisms, risk factors, diagnostic methods, and available treatments for CDI, with
particular emphasis on the clinical effectiveness and safety of FMT. Clinical evidence consistently demonstrates that
FMT is more effective in preventing recurrence than standard antibiotic therapies. Additionally, the review discusses
the historical development of FMT, procedural techniques, donor screening practices, and its potential use in other
conditions related to microbiota imbalance. In summary, FMT offers a promising, safe, and cost-efficient option for
managing recurrent CDI, although further research and standardized protocols are necessary for broader clinical
implementation
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1. Introduction

Clostridium difficile (C. difficile) is a Gram-positive, anaerobic, toxin producing bacillus that forms spores and is
commonly found in the intestinal tract of humans and animals, as well as in the environment. C. difficile was first
described in 1935 by Hall and O’Toole who were investigating the acquisition of normal bacterial flora in healthy
newborns [1]. In 2016, it was officially renamed Clostridium difficile [2]. A colon infection caused by the Gram-positive
bacterium Clostridium difficile carries a potentially fatal risk, particularly in elderly individuals and those with dysbiosis
of the gut microbiota as a result of antibiotic exposure. The most common cause of infectious diarrhea linked to medical
care is C. difficilewith significant morbidity and mortality [3]. High temperatures, UV light, strong chemicals, and
antibiotics cannot harm C difficile spores. Additionally, due to their resistance to antibiotics, spores may persist in the
gastrointestinal tract and perhaps have a role in the recurrence of sickness [4]. Two protein exotoxins called toxin A
and toxin B, which induce inflammation and damage to the colonic mucosa, are produced by pathogenic strains of
Clostridium difficile [5]. The depletion of beneficial gut flora b antibiotics and a weakened immune response to C. difficile
as a result of age and medical comorbidities are risk factors for C. difficile. Clostridium difficile infection (CDI) is an
important healthcare-associated disease worldwide [6]. C. difficile has been a well-established pathogen in North
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America and Europe for decades, but is just emerging in Asia [7]. Clostridium difficile can result an infection in a variety
of illnesses, including toxic megacolon, colitis, multi-organ failure and occasionally even death [8]. Infectious diarrhea
is increasingly being caused by Clostridium difficile. Since 2000, there has been a sharp rise in incidence, which has been
linked to a novel strain that produces more toxins and is more resistant to antibiotics [9]. This bacterium is spread
through the faeco-oral route and causes disease in humans through the production of two toxins.

Figure 1 Clostridium difficile Bacterium

Aim and objective

The purpose of this review is to evaluate FMT's safety and effectiveness as a new treatment for recurrent or refractory
CDI and investigate its potential as a standard therapeutic approach.

2. Methodology

A thorough search of the literature was done with Google Scholar, ScienceDirect, and PubMed. To get up-to-date
information, peer-reviewed publications, meta-analyses, clinical trials, and recommendations pertaining to CDI and
FMT were examined.

3. Pathophysiology

Exotoxins A (308 kDa) and B (275 kDa), which are secreted by pathogenic strains of C. difficile, cause cytoskeletal
disintegration, impair cellular function, and trigger inflammatory reactions. Because antibiotics alter the normal gut
flora, C. difficile can multiply and release toxins.

3.1. Pathogenesis of C. difficile infection

Microbial Suppression: Antibiotics disrupt normal flora.

Ingestion of Spores: From environmental sources.

Toxin Production: Germination and proliferation in the colon.

Mucosal Damage: Toxins lead to inflammation.

Recurrence: Persistent spores and microbiota imbalance increase relapse risk.

3.2. Antibiotics associated diarrhoea(aad)

AAD is a common side effect that affects 5-35% of people who take antibiotics. Ten to twenty percent are caused by C.
difficile. Osmotic imbalances, pathogen overgrowth, and disruption of gut flora are all implicated. When antibiotics are
stopped, mild AAD goes away; in more severe cases, specialized treatment may be necessary.

352



GSC Biological and Pharmaceutical Sciences, 2025, 31(03), 351-358

4. Pseudomembranous colitis

Mucosal pseudomembranes are a defining feature of PMC, a severe kind of colitis associated with C. difficile. It frequently
occurs after taking antibiotics and manifests as fever, leukocytosis, diarrhea, and cramping in the abdomen. Imaging or
endoscopy are used to confirm the diagnosis.

4.1. Diagnosis

Figure 2 Pseudomembranous Colitis

Diagnosis combines clinical presentation with laboratory confirmation of C. difficile toxins or DNA. Enzyme
immunoassays (EIA), nucleic acid amplification tests (NAAT), and cytotoxicity assays are common tools. Endoscopy and
imaging are adjuncts in complicated cases.

Table 1 Diagnosis tests

Test

Indication

Glutamate dehydrogenase
(GDH) EIA (TAT <2 hours)

Initial screening test with high sensitivity and high negative predictive value; GDH-
positive samples must undergo a confirmation test for the toxigenic infection.

Toxin A and B EIA (TAT <2
hours)

Confirmation test for toxigenic infection in GDH-positive samples (2-step algorithm);
good correlation with severe infections, limited sensitivity; NAAT (3-step algorithm)
recommended if no toxin detected.

Cytotoxin neutralization assay
(CTNA) (TAT <24 hours)

Standard test for evidence of toxins in stool; CTNA is rarely used for routine diagnosis,
however, due to its longer TAT and low potential for standardization and automation.

NAAT of toxin genes (TAT <4
hours)

Confirmation test for toxigenic infection. NAAT (e.g. PCR) not recommended as
screening test, as asymptomatic C. difficile carriers not requiring treatment or
isolation may also be detected.

Anaerobic toxigenic culture
(TAT >3 days)

Diagnostic gold standard as confirmation test for toxigenic infection; of limited use in
early diagnosis of CDI due to long TAT; culture is required for ribotype testing and
antibiotic resistance testing in critically ill patients and in outbreaks.

4.2. Risk factor

Risk factors for which there was evidence suggestive or consistent with an association with C. difficile diarrhoea were;

e Advanced age
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Hospitalization

Antibiotic exposure

Gastric acid suppression therapy
Immunocompromised status
Gastrointestinal procedures

4.3. Treatment

Initial CDI is treated with metronidazole or oral vancomycin. For severe cases, fidaxomicin or newer agents may be
used. Emerging options include: Cadazolid, Surotomycin, Ridinilazole, Bezlotoxumab (monoclonal antibody).

Recurrent cases are increasingly managed with FMT.

4.4. Recurrence after antibiotic therapy

Recent data demonstrate clinical success rates of 66.3% for metronidazole vs 78.5% for vancomycin for severe CDI.
Newer therapies show promising results, including fidaxomicin (similar clinical cure rates to vancomycin, with lower
recurrence rates for fidaxomicin, 15.4% vs vancomycin, 25.3%; P=.005) and fecal microbiota transplantation (response
rates of 83%-94% for recurrent CDI) [30].

Recurrent CDI (rCDI) is usually defined as an episode of CDI occurring within 8 weeksof a previous episode. rCDI may
be due to relapse of the previous CDI by the same strain or reinfection by a different strain. About 15% to 30% of patients
who initially respond to antimicrobial therapy experience rCDI.After the first recurrence has improved, the risk of
further recurrence significantly increases. A second recurrence rate of 40% has been reported among patients with
resolved first recurrence. The subsequent recurrence rate of patients who have already recurred more than twice is
approximately 45% to 65%. The high recurrence rate of CDI contributes to increased health care costs [31].

Table 2 Management of recurrent “Clostridium difficile” infection by Treatment episode

Episode Therapy

First recurrence Mild to moderate CDI:

metronidazole 500 mg orally 3 times a day for 10 days
vancomycin 125 mg orally 4 times a day for 10 days
fidaxomicin 200 mg orally 2 times a day for 10 days
Severe CDI:

vancomycin 125 mg orally 4 times a day for 10 days
fidaxomicin 200 mg orally 2 times a day for 10 days

Second recurrence Tapered and/or pulsed vancomycin regimen
Fidaxomicin 200 mg orally 2 times a day for 10 days

Third or more recurrence Fecal microbiota transplant

5. Result and Discussion

5.1. Fecal microbiota transplant for recurrent CDI

Fecal microbiota transplantation (FMT) has been utilized sporadically for over 50 years. In the past few
years, Clostridium difficile infection (CDI) epidemics in the USA and Europe have resulted in the increased use of FMT,
given its high efficacy in eradicating CDI and associated symptoms. As more patients request treatment and more clinics
incorporate FMT into their treatment repertoire, reports of applications outside of CDI are emerging, paving the way
for the use of FMT in several idiopathic conditions [32].

There has been increasing interest in understanding the role of the human gut microbiome to elucidate the therapeutic
potential of its manipulation. Fecal microbiota transplantation (FMT) is the administration of a solution of fecal matter
from a donor into the intestinal tract of a recipient in order to directly change the recipient’s gut microbial composition
and confer a health benefit. FMT has been used to successfully treat recurrent Clostridium difficile infection [33].
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Many different groups of diseases are connected to the gut microbiota, including infectious conditions
(infectious gastroenteritis, Clostridium  difficile infection ~ (CDI)), autoimmune diseases (allergic disease,
diabetes, inflammatory bowel disease (IBD)), some general conditions (overweight, functional GI disorders), and
behavioral diseases [34].

5.2. History of FMT

Table 3 Historical development of fecal microbiota Transplantation (FMT)

Year author author’s conclusion

IVth Ge Hong | FMT'’s first use in a human patient, administered orally to a patient for food poisoning

century (CHINA) or severe diarrhea.

XVIth Li Shizhen Described how stool products were used for treating GI symptoms such as

century constipation, abdominal pain, diarrhea.

XVIIth Fabricius FMT is to be used in veterinary medicine for the first time.

century Acquapendente

1958 Eiseman etal. |Performed and reported the first human fecal transplant to treat cases of
pseudomembranous colitis in 4 patients.

1981 Bowden etal. |A second series of pseudomembranous colitis cases with 16 patients successfully
treated with retention enemas.

1983 Schwan et al CDI case was treated with FMT for the first time

Almost 40 years later, in 2021, Microbiota transplantation as a treatment in a large number of CDI patients, recorded
very low rates of recurrence.

The study realized by Konturek et al. outlined a significant CRP reduction after FMT therapy in all treated patients.
FMT proved its benefits in recurrent CDI, being considered a salvatory option for patients that developed severe and
recurrent CDI infection, despite proper antibiotic use [35].

5.3. Procedures for FMT

5.3.1. Donor selection

To minimize the risk of infection or other disease transmission, potential donors undergo rigorous screening including
thorough history taking, serological tests, and fecal tests for parasitic, virologic, and bacterial pathogens [36].Donor
stoolis provided from 2 sources: patient-directed donors and universal donorsthrough stool banks [37]. There are some
existing accepted protocols for donor screening [36].

5.3.2. Exclusion criteria

Age<18 yr or>65 yr

BMI>30 kg/m?

Metabolic syndrome

Moderate to severe undernutrition

History of antibiotics use in the last 6months
Diarrhea within the last 3-6 months

Owing to the cost-effectiveness and convenience of use of fecal material from universal donors, stool banks such as
OpenBiome have emerged. OpenBiome uses strict protocols for the recruitment of healthy volunteers: the volunteers
are screened, standardized products are generated, and the products are stored after freezing and can be delivered
rapidly to 99% of the entire United States. The additional advantages of stool banks are the ability to track registries
and perform research on larger data obtained from multiple sites that conduct FMT, with the goal of assuring safety and
efficacy [38].
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5.4. Procedure for recipient and process

5.4.1. Donor Selection and Screening

Donors are rigorously screened for infections, metabolic disorders, and recent antibiotic use. Stool banks (e.g., Open
Biome) standardize screening and supply.

5.4.2. Administration Routes

o Upper GI: Nasogastric, duodenal tubes, or capsules.
e Lower GI: Colonoscopy, enema, or rectal infusion.

5.4.3. Preparation

Donor stool is diluted, homogenized, filtered, and delivered via syringes or capsules after freezing.

5.5. Adverse events

In certain instances, the absence of controlled data prevented the establishment of a reliable relationship. Standardized,
randomized controlled trials are required in order to identify and measure the risks related to FMT [40]. Abdominal
pain, bloating, and changed bowel habits were among the frequent minor side effects. There were three significant side
effects: two new cases of ulcerative colitis (UC), one of which was suspected prior to FMT treatment, and one incidence
of a brief fever [43].

5.6. Safety of FMT

In addition to being a good treatment for rCDI, FMT may also be useful in treating metabolic syndromes, mental health
issues, and inflammatory bowel disease (IBD), among other microbiota-related illnesses. However, for wider acceptance,
reliable randomized.

6. Conclusion

This review shows that Clostridium difficile infection (CDI) remains a significant healthcare burden, with recurrent
infections and antibiotic-resistant strains posing considerable challenges. Fecal microbiota transplantation (FMT) has
emerged as a promising therapeutic approach, leveraging the restorative potential of gut microbiota to combat CDI.
Fecal Microbiota Transplantation (FMT) is a groundbreaking therapy. Enhances gut barrier function and immune
response by restoring the beneficial microbial diversity and composition. FMT is a safe and effective method with low
risk of adverse events. FMT has potential applications in inflammatory bowel disease (IBD), irritable bowel syndrome
(IBS), and mental health. Standardization of protocols and donor screening is crucial.

This conclusion highlights the potential of FMT as a novel approach for CDI treatment, emphasizes the need for further
research, and underscores the clinical implications of this therapeutic strategy.
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