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Abstract
Introduction. Clostridium difficile infection most commonly manifests in patients with antibiotic-associated diarrhea, 
ranging from very mild to severe pseudomembranous colitis. Recurrent C. difficile infections remain a serious clinical 
problem, occurring in approximately one in five patients. Recurrence of infection despite antibiotic therapy is often due to 
disruption of the intestinal microbiota.  
Objective The aim of this review is to summarize knowledge of current treatments and explore new therapies for Clostridium 
difficile infection, excluding vaccines under development and bacteriophage therapy, with a particular focus on patients 
with recurrent infections.   
Review Methods. The review is based on 59 articles on the pathophysiology, epidemiology and treatment of clostridium 
difficile infections found in PubMed databases published between 2009–2024.   
Brief description of the state of knowledge. Current treatments are mainly based on antibiotic therapy, or, for severe 
antibiotic-resistant forms, the faecal microbiota transplantation (FMT) method. In patients with recurrent infections, prolonged 
antibiotic therapy or sequential therapy with vancomycin and rifaximin is used. FMT is suggested for second or subsequent 
recurrent infections. Hopes are pinned on oral microbiome preparations, antibodies, new antibiotics, non-toxic strains or 
antibiotic degraders.   
Summary. The treatment of recurrent infections is a difficult problem that requires a broader view. Emerging therapies 
with promising results focus both on antibiotic therapy that eliminates toxin-producing bacteria, and on modifying the 
microbiota and reducing the conversion of spore forms of these bacteria into toxin-producing forms.
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INTRODUCTION

Pathophysiology of clostridium difficile infection. 
Clostridium difficile is a gram-positive bacillus that produces 
toxins A and B. The bacterium is transmitted via foodborne 
spores found in the environment or on carriers [1]. The normal 
intestinal microflora protects against infection, but when this 
is disturbed, Clostridium difficile begins to overgrow in the 
intestine. Bile acids play an important role in inducing the 
maturation of Clostridium spores, and primary bile acids 
induce the maturation of Clostridium spores into a toxigenic 
form. In contrast, secondary bile acids, which are formed 
in the intestinal lumen by the action of intestinal bacteria, 
inhibit the maturation of spores [2]. A higher concentration of 

primary bile acids compared to the first episode of infection is 
particularly notable in patients with recurrent infections, but 
the process is more complex than this relationship alone [3]. 
Infection may be symptomatic or asymptomatic. The most 
common symptoms of infection are diarrhea, usually mild to 
moderate, abdominal pain, nausea, vomiting, weakness and 
fever. Less commonly, the infection may progress to severe 
pseudomembranous colitis or life-threatening symptoms, 
such as shock, severe dehydration, colonic distension, signs 
of renal failure, or ultimately, death [4].

Recurrent clostridium difficile infection. According to the 
Guidelines of the European Society of Clinical Microbiology 
and Infectious Diseases (ESCMID) for Clostridium Difficile 
infection, recurrent infection occurs when symptoms recur 
within eight weeks of a previous episode, only if the symptoms 
of the previous episode have resolved after treatment [5].

Recurrent infection occurs in up to 20–25% of initially 
infected patients, most commonly in the first week after 
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treatment for the original infection. The risk of recurrence 
in patients with one recurrence is between 45%-65%[6].

Risk factors for primary and secondary infections. The 
main risk factors for developing a primary Clostridium 
difficile infection are antibiotic therapy (highest risk is with 
lincosamides, fluoroquinolones, penicillins, cephalosporins 
and carbapenems) (Tab. 1), hospitalization (risk increases 
with length of stay), age over 65 years, immunosuppression, 
presence of cancer, abdominal surgery, inflammatory bowel 
disease, and chronic kidney disease [5, 7].

Risk factors for recurrent infections include age over 65 
years, previous infections, hospitalization within the last 
three months, severe underlying disease, use of antibiotics 
(as above) or proton pump inhibitors [5, 7].

Treatment of primary clostridium difficile infection. The 
2021 ESCMID Guidelines for the Treatment of Primary 
Clostridium Difficile Infection [5] recommend stopping 
antibiotics and observing the patient in the case of a mild 
infection. ESCMID recommends fidaxomicin 200 mg twice 
daily for 10 days for a first infection requiring antibiotic 
administration, especially in patients with a risk factor for 
recurrent infection, as it significantly reduces the risk of 
recurrence compared with vancomycin treatment [8].

An alternative when fidaxomicin is not available is 
vancomycin at a dose of 125 mg four times daily for 10 days. 
Metronidazole can only be used if vancomycin or fidaxomicin 
is not available, at a dose of 500 mg three times a day for 10 
days [5]. Trials comparing treatment with metronidazole and 
vancomycin have found vancomycin to be more effective, 
regardless of the severity of the primary infection (Tab. 2) [9].

A study in a group of patients with a severe course of 
infection showed no significant advantage in cure with 
fidaxomicin compared with vancomycin [10]. Tigecycline 
50  mg intravenously twice daily may be considered for 
complicated infection, but there is insufficient evidence for 
this therapy to be included in standard treatment [11].

Ridinilazole may become an antibiotic alternative in the 
future due to its 10% higher rate of sustained cure than 
vancomycin [12]; however, due to the paucity of data and 
ongoing research comparing ridinilazole’s effect with 
other therapeutic options, it has not found a place in strict 
treatment algorithms.

The ESCMID guidelines also suggest that urgent surgical 
consultation should be sought whenever a patient is in a 
severe clinical condition, or has a complicated course of 
infection [5].

STANDARD TREATMENT FOR RECURRENT AND 
SEVERE CLOSTRIDIUM DIFFICILE INFECTIONS

Fidaxomicin. Fidaxomicin is a macrocyclic antibiotic which 
is bactericidal against Clostridium difficile by inhibiting 
bacterial RNA synthesis. It has a narrow spectrum of 
activity which limits the negative impact on the intestinal 
microbiome. This is important for the pathophysiology of 
recurrent infections, in which disruption of the intestinal 
microflora plays a key role [13].

For the first recurrence of infection, it is recommended 
to use fidaxomicin 200 mg twice daily for 10 days if the first 
episode was treated with vancomycin/metronidazole [5], or 
to prolong therapy by administering 200 mg twice daily for 
the first five days of therapy, and then 200 mg once daily for 
a further 20 days (Tab. 3) [8]. Analysis of a trial comparing 
the rate of recurrence after treatment of the first recurrence 
showed that the use of fidaxomicin was more favourable than 
vancomycin [14]. Monitoring the effectiveness of fidaxomicin 
treatment showed that the higher the number of previous 
episodes of Clostridium difficile infection, the higher the 
risk of recurrent infection after treatment [15].

Vancomycin. Vancomycin is a glycopeptide antibiotic used 
mainly to treat serious gram-positive bacterial infections. It 
is bactericidal by blocking the synthesis of the bacterial cell 
wall [16]. For recurrent Clostridium difficile infections in 
the absence of fidaxomicin or bezlotoxumab, vancomycin 
can be used in a gradually decreasing dose regimen (two 
weeks vancomycin 125 mg orally four times a day, then one 
week administration of 125 mg twice a day, then one week 
administration of 125  mg daily, then another week with 
125 mg every other day, and finally, 125 mg orally every third 

Table 1. Degrees of risk of Clostridium difficile infection with antibiotic 
use

Risk of infection Group of antibiotics

High risk Lincosamides, Fluoroquinolones, 2nd and 3rd generation 
Cephalosporins, Carbapenems

Moderate risk penicillins, Vancomycin, Metronidazole

Low risk Aminoglycosides, Tetracyclines, sulphonamides, 
Rifampicin, Trimethoprim, macrolides

Table 2. Current treatments for primary uncomplicated Clostridium 
difficile infection

First choice treatment Fidaxomicin 200 mg twice daily for 10 days

Vancomycin 125 mg four times daily for 10 days

Second choice treatment Metronidazole 500 mg three times a day for 10 days

Table 3. Current treatments for recurrent Clostridium Difficile infections

First 
recurrence

Fidaxomicin 200 mg twice daily for 10 days, or prolong therapy by 
giving 200 mg twice daily for the first five days of therapy, and then 
200 mg once daily for a further 20 days

Vancomycin 125 mg orally four times a day for two weeks, then one 
week at 125 mg twice a day, then one week 125 mg daily, then one 
week 125 mg every other day, and finally, 125 mg orally every third 
day for one week

Bezlotoxumab is recommended in addition to standard antibiotic 
therapy

second and 
subsequent 
recurrence

Fidaxomicin 200 mg twice daily for 10 days, or prolong therapy by 
giving 200 mg twice daily for the first five days of therapy and then 
200 mg once daily for a further 20 days

Vancomycin 125 mg orally four times a day for two weeks, then one 
week 125 mg twice a day, then one week 125 mg daily, then one 
week 125 mg every other day, and finally, 125 mg orally every third 
day for one week

Sequential therapy with a regimen of vancomycin 125 mg four 
times a day for 10 days, followed by rifaximin 400 mg three times a 
day for 20 days

Faecal microbiota transplantation after initial antibiotic treatment 
with standard therapy
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day for one week), or a pulse regimen. Both regimens are 
associated with a lower risk of recurrent infection compared 
with 10 days of standard therapy [5,8].

Rifaximin. Rifaximin is a non-absorbable antibiotic with 
uncertain effects on the intestinal microbiota [17]. A placebo-
controlled trial analyzing the administration of rifaximin at 
a dose of 400 mg three times daily for two weeks, reduced 
to 200  mg three times daily for a further two weeks. In 
patients after treatment of a primary episode of infection 
with vancomycin or metronidazole showed that rifaximin 
reduced the recurrence rate by half [6].

Sequential therapy with a regimen of vancomycin 125 mg four 
times a day for 10 days, followed by rifaximin 400 mg three 
times a day for 20 days, can be used in the case of a subsequent 
recurrence of Clostridium difficile [8]. However, further 
studies are needed to confirm the efficacy of rifaximin and 
to clarify the development of drug resistance in Clostridium, 
particularly ribotype 001 [18].

Metronidazole. Metronidazole is not included in treatment 
guidelines for recurrent Clostridium difficile infections [5,8]. 
The use of intravenous metronidazole as a dual therapy with 
oral vancomycin in severe infections is also questionable 
because of the lack of improved outcomes compared with 
vancomycin monotherapy [19]. A retrospective study 
suggests that dual therapy may be associated with better 
treatment outcomes than monotherapy, as it was associated 
with a 20% lower mortality rate; however, there were more 
patients with oncological and haematological burden in the 
vancomycin-only group [20].

NEW DRUGS UNDER INVESTIGATION FOR POSSIBLE 
FUTURE TREATMENT OF RECURRENT INFECTIONS

Probiotics. Probiotics containing Lactobacillus, 
Bifidobacterium, or Saccharomyces are used as adjunctive 
therapy after antibiotic therapy, or as prophylaxis during 
vancomycin therapy [21].

Probiotics can inhibit the production of the cytokine 
IL-8, increase the production of antitoxins and proteases 
that eliminate the activity of toxins [22]. However, more 
research is needed to select and standardize the best available 
probiotic preparation to help in the treatment and prevention 
of Clostridium difficile infections.

Cadazolid. Cadazolid is an oxazolidinone antibiotic with 
low absorption and little effect on the microbiome. It has 
bactericidal activity against Clostridium difficile and 
inhibits  bacterial DNA synthesis [23]. In a Phase 2 study 
comparing treatment with cadazolid and vancomycin [24], 
the percentage of durable cures was significantly higher in 
patients treated with cadazolid. However, it did not have better 
cure rates than vancomycin in a phase 3 trial [25]. Further 
comparative studies, extended to include fidaxomicin, are 
needed.

Ridinilazole. Ridinilazole is another very narrow-spectrum, 
non-absorbable antibiotic that is effective against Clostridium 
Difficile with trace effects on other bacteria in the microbiome. 
A phase 2 study comparing cure rates and recurrence rates 

after treatment with ridinilazole and Vancomycin found a 
significantly better effect of ridinilazole therapy [12].

In the most recent phase 3 study, the use of Ridinilazole 
at a dose of 200 mg twice daily resulted in a significant 53% 
reduction in recurrence rates compared with Vancomycin 
at a dose of 125 mg four times daily. Ridinilazole, unlike 
Vancomycin, did not disrupt the microbiota, did not affect 
resistance, and increased the levels of secondary bile acids, 
the deficiency of which plays an important role in the 
pathogenesis [26]. Further comparative studies should be 
extended to include fidaxomicin.

Tigecycline. Tigecycline is a glycylcycline antibiotic with 
broad-spectrum bacteriostatic activity. A retrospective study 
showed that patients receiving tigecycline had a higher cure 
rate and fewer complications than standard antibiotic therapy 
[27], but more recent studies have shown no significant 
difference in treatment response [28]. It has been suggested 
that Tigecycline may be used for severe Clostridium difficile 
infections, but further studies are needed [5].

CRS3123. CRS3123 is a protein translation inhibitor that 
interferes with toxin production and growth of Clostridium 
difficile. Phase 1 studies have confirmed the drug’s safety, 
tolerability, low absorption in the gastrointestinal tract and 
minimal effect on intestinal microflora [29]. Phase 2 studies 
are ongoing.

MGB-BP-3. MGB-BP-3 is a genetic transcription inhibitor of 
bacterial DNA, and has potent bactericidal activity against 
strains of Clostridium difficile. It has very limited activity 
against gram-negative bacteria [30]. It is currently in Phase 
3 trials.

Ibezapolstat. Ibezapolstat is a DNA polymerase inhibitor 
with bactericidal activity against Clostridium difficile. It helps 
restore the disturbed microbiota in the intestine, which can 
have a major impact on the treatment of recurrent infections. 
Ibezapolstat also had less impact on the microbiota and a 
favourable secondary bile acid ratio compared to vancomycin 
[31]. A recent study shows the potential of Ibezapolstat against 
multidrug-resistant strains [32].

Auranofin. Auranofin is an anti-rheumatic drug with 
bactericidal properties against Clostridium

difficile. It reduces the amount of toxins and spores 
produced. Auranofin had comparable efficacy to Vancomycin 
for recurrent infections in hamsters [33]. Because of the 
promising results, this drug is being investigated further.

OTHER NEW TREATMENTS IN EARLY-STAGE TRIALS

ADS-024, RBX7455, MET-2. These are the latest compounds 
in the early stages of research based on modulation of the 
microbiome. Initial safety results for these formulations 
have been positive. Further studies of these formulations 
are ongoing.

Bezlotoxumab. Bezlotoxumab is a human monoclonal 
antibody that binds to the B toxin produced by Clostridium 
difficile and neutralizes its activity [34]. Bezlotoxumab 
is recommended as an adjunct to standard antibiotic 
therapy for recurrent infections [5, 8]. The greatest efficacy 
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of Bezlotoxumab therapy was observed in patients with 
recurrent infection and risk factors for recurrence [34]. 
There is an increased risk of heart failure with the use of 
Bezlotoxumab, therefore the balance of benefits and harm 
should be assessed before including this treatment in patients 
with pre-existing heart failure [35]. In patients with recurrent 
infections who were eligible for FMT and awaiting this 
therapy, the use of Bezlotoxumab resulted in some patients 
no longer needing FMT due to lack of recurrence [36]. The 
sustained cure rate after standard antibiotic therapy and 
Bezlotoxumab in patients with a single recurrence was higher 
than in the group of patients with at least two recurrences 
[35].

LMN-201. LMN-201 is a formulation containing three 
proteins similar in structure to antibodies against toxins 
produced by Clostridium difficile, and proteins that degrade 
the bacterial cell wall. It is thought to be more effective than 
single antibody therapy and may be a better alternative to 
current treatment in the future [37]. Phase 2 and 3 trials are 
currently investigating the potential of the formulation in 
recurrent infections.

SER-109. In 2022, a study was published [38] in which 
patients with at least three episodes of infection were treated 
with a SER-109 preparation consisting of purified Firmicutes 
bacterial spores or placebo, after completing a standard course 
of antibiotic therapy. The authors of this study highlighted 
the pathophysiology of recurrent infections and identified 
microbiota dysbiosis as the cause of the transformation of 
spore forms into toxigenic bacteria. They emphasize that 
antibiotic therapy is only effective against toxigenic bacteria, 
while spore forms persist due to microbiome perturbation. 
Patients treated with SER-109 were significantly less likely 
to have a recurrent infection within eight weeks (12% with 
SER-109, 40% with placebo). Firmicutes bacterial spores also 
increased secondary bile acids, which inhibit the maturation 
of Clostridium difficile spores. A Phase 3 study reported 
a significantly lower recurrence rate in all age groups and 
fewer recurrences, regardless of the number of episodes of 
infection, suggesting a positive effect of this formulation and 
further work on its widespread use in Clostridium difficile 
[39].

RBX2660. RBX2660 is an enema preparation in the form of 
a suspension. It consists of human donor faeces with diverse 
microbiota, Glycol and other ingredients. The beneficial 
effect on the microbiota offers hope of reducing the rate of 
recurrent infections. A Phase 3 trial confirmed the efficacy of 
the treatment after standard antibiotic therapy, a reduction 
in recurrences at six months, safety of use, and few adverse 
events [40].

CP101. CP101 is an oral formulation released at the site 
of infection. It contains a diverse composition of natural 
microbiota to restore the perturbed microbiota [41]. It has the 
potential to reduce the number of relapses. Phase 3 studies 
are ongoing.

NTCD-M3 spores. NTCD-M3 spores are non-toxic strains of 
Clostridium difficile that do not produce toxins because they 
lack the genes required for toxin production. In Phase 2 trials, 
NTCD-M3 administered after vancomycin therapy resulted 

in transient colonization of the intestinal tract, allowing 
the restoration of normal intestinal microflora without the 
presence of clinical signs of infection. This significantly 
protected the patient from recurrent infection [42, 43]. Phase 
3 trials are currently underway to compare the efficacy of this 
therapy after Fidaxomicin administration.

Ribaxamase. Ribaxamase is an enzyme that breaks down 
beta-lactam antibiotics. When taken during intravenous 
beta-lactam antibiotic therapy, it helps to reduce the amount 
of antibiotics in the gastrointestinal tract that negatively affect 
the intestinal microflora. This helps to protect the patient from 
colonization by Clostridium difficile. Ribaxamase is released 
in the proximal part of the small intestine where it degrades 
the excreted antibiotics. It is noteworthy that ribaxamase 
does not reduce the efficacy of antibiotic treatment [44]. 
A phase 2b study confirmed a significant reduction in the 
incidence of Clostridium difficile after intravenous antibiotic 
therapy [45]. Further studies are underway to determine 
whether Ribaxamase will find its place in standard of care.

DAV132. DAV132 is a formulation that binds antibiotic 
residues in the colon without interfering with their 
absorption in the proximal small intestine. A study of co-
administration of DAV132 with antibiotics has shown that it 
preserves the diversity of the microbiome with the standard 
bactericidal effect of the antibiotic [46]. Further studies of 
this formulation are ongoing.

Faecal microbiota transplantation (FMT). Faecal 
microbiota transplantation is a method that can be used in 
primary severe complicated infections resistant to antibiotic 
therapy. For recurrent infections, FMT is recommended for 
the second and subsequent recurrences of infection after 
initial antibiotic treatment with standard therapy.

Each time FMT therapy is considered for a patient, the 
risk of its use should be assessed by a multidisciplinary 
team [5]. FMT therapy restores the diversity of the intestinal 
microflora, protects the intestines from recolonisation 
and increases the synthesis of secondary acids, which are 
important in the pathophysiology of recurrent infections [47]. 
FMT can be administered in a variety of ways, including by 
gavage into the stomach or duodenum through colonoscopy, 
as a swallowable capsule, or as an enema [48].

The efficacy of FMT has been the subject of many 
studies, varying by route of administration, number of 
administrations or prior antibiotic therapy. FMT has been 
positively evaluated for the treatment of severe and severe 
complicated primary infections. In severe antibiotic-resistant 
infections, the response rate to FMT therapy has been shown 
to be as high as 91% [49]. The number of infusions for severe 
infections has also been shown to be important.

Many studies have been performed on the treatment of 
recurrent infections with FMT therapy, but only a few have 
had a control group using Vancomycin or Fidaxomicin and 
multiple therapeutic administrations. Cure rates after a single 
course of FMT in these trials ranged from 65% -95%, and 
90% after multiple courses [50, 51]. The most common adverse 
effects of FMT therapy are flatulence, diarrhea, constipation, 
nausea or mild abdominal cramping. One of the most 
serious adverse effects of FMT therapy is the transmission 
of pathogens of unknown potential – both carcinogenic and 
infectious [52]. Therefore, it is very important to standardize 
the inclusion of stool donors in FMT therapy [53].
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CONCLUSIONS

Recurrent Clostridium difficile infection remains a major 
clinical problem, with-one-in five initially infected patients 
still experiencing a recurrence. The recurrence of infection 
is mainly related to a dysbiosis of the intestinal microflora, 
which has led to metronidazole being currently recommended 
only when other standard antibiotics, such as Vancomycin 
or Fidaxomicin, are unavailable, due to its large effect on the 
entire microbiome. The very limited effect on the microflora 
has given Fidaxomicin an advantage over Vancomycin as a 
first-line treatment in patients with risk factors for relapse. 
For recurrent infections, the use of Bezlotoxumab, which 
is now the standard of care, is becoming more common. 
However, the use of new antibodies needs to be supported 
by their safety in terms of secondary antibody production. 
More and more immunotherapies are targeting not only 
toxins A and B, but also bacterial proteins. The use of faecal 
microbiota transplantation is already the norm for patients 
with severe antibiotic resistance and multiple relapses.

New antibiotics, such as Ridinilazole and Tigecycline may 
become alternative treatments, but more research is needed. 
Inhibitors, such as CRS3123, MGB-BP-3 or Ibezapolstat, and 
other formulations in development that act by modulating 
the microbiome are promising treatment options, especially 
in patients with recurrent infections.

Probiotics are increasingly being used to prevent recurrent 
infections in combination with standard treatment. Other 
compounds, such as SER-109, RBX2660 and CP101, may 
become the treatment of choice for recurrent infections in 
the near future due to their beneficial effects on dysbiosis and 
secondary bile acid metabolism. Further progress is being 
made with the use of NTCD-M3 non-toxigenic spores, which 
allow the restoration of normal microbiota by temporarily 
colonizing the intestines. Ribaxamase, on the other hand, 
protects the intestinal microflora by degrading antibiotics 
that are excreted through the gastrointestinal tract and 
allows a reduction in the relapse rate, but more research is 
needed focused on Clostridium difficile. Many new studies 
are emerging on both vaccines and bacteriophage therapy, 
but due to the breadth of these topics, they are beyond the 
scope of this article.

In summary, the latest treatments for recurrent infections 
focus primarily on the pathophysiological causes. This is the 
correct way to reduce recurrent infections in the future by 
favourably affecting the microbiota, reducing Clostridium 
difficile colonization, secondary bile acid synthesis, and 
directly targeting toxins A and B produced by Clostridium 
difficile strains. The current state-of-the-art formulations 
under investigation have the potential to change future 
standards of practice and revolutionize the treatment and 
prevention of Clostridium difficile.

REFERENCES

1. Czepiel J, Dróżdż M, Pituch H, et al. Clostridium difficile infection: 
review. Eur J Clin Microbiol Infect Dis. 2019 Jul;38(7):1211–1221. 
doi:10.1007/s10096-019-03539-6. Epub 2019 Apr 3. PMID: 30945014; 
PMCID: PMC6570665

2. Thanissery R, Winston JA, Theriot CM. Inhibition of spore germination, 
growth, and toxin activity of clinically relevant C. difficile strains by gut 
microbiota derived secondary bile acids. Anaerobe. 2017 Jun;45:86–100. 
doi:10.1016/j.anaerobe.2017.03.004. Epub 2017 Mar 6. PMID: 28279860; 
PMCID: PMC5466893.

3. Baktash A, Terveer EM, Zwittink RD, et  al. Mechanistic Insights 
in the Success of Fecal Microbiota Transplants for the Treatment of 
Clostridium difficile Infections. Front Microbiol. 2018 Jun 12;9:1242. 
doi:10.3389/fmicb.2018.01242. PMID: 29946308; PMCID: PMC6005852

4. McDonald LC, Gerding DN, Johnson S, et al. Clinical Practice Guidelines 
for Clostridium difficile Infection in Adults and Children: 2017 Update 
by the Infectious Diseases Society of America (IDSA) and Society 
for Healthcare Epidemiology of America (SHEA). Clin Infect Dis. 
2018 Mar 19;66(7):e1–e48. doi:10.1093/cid/cix1085. PMID: 29462280; 
PMCID: PMC6018983

5. van Prehn J, Reigadas E, Vogelzang EH, et al. Guideline Committee of 
the European Study Group on Clostridioides difficile. European Society 
of Clinical Microbiology and Infectious Diseases: 2021 update on the 
treatment guidance document for Clostridioides difficile infection in 
adults. Clin Microbiol Infect. 2021 Dec;27 Suppl 2:S1–S21. doi:10.1016/j.
cmi.2021.09.038. Epub 2021 Oct 20. PMID: 34678515

6. Major G, Bradshaw L, Boota N, et al. RAPID Collaboration Group. 
Follow-on RifAximin for the Prevention of recurrence following 
standard treatment of Infection with Clostridium Difficile (RAPID): 
a randomised placebo controlled trial. Gut. 2019 Jul;68(7):1224–1231. 
doi:10.1136/gutjnl-2018-316794. Epub 2018 Sep 25. PMID: 30254135; 
PMCID: PMC6582824

7. van Rossen TM, Ooijevaar RE, Vandenbroucke-Grauls CMJE, 
et  al. Prognostic factors for severe and recurrent Clostridioides 
difficile infection: a systematic review. Clin Microbiol Infect. 2022 
Mar;28(3):321–331. doi:10.1016/j.cmi.2021.09.026. Epub 2021 Oct 14. 
PMID: 34655745

8. Johnson S, Lavergne V, Skinner AM, et al. Clinical Practice Guideline 
by the Infectious Diseases Society of America (IDSA) and Society for 
Healthcare Epidemiology of America (SHEA): 2021 Focused Update 
Guidelines on Management of Clostridioides difficile Infection in 
Adults. Clin Infect Dis. 2021 Sep 7;73(5):755–757. doi:10.1093/cid/
ciab718. PMID: 34492699

9. Johnson S, Louie TJ, Gerding DN, et al. Polymer Alternative for 
CDI Treatment (PACT) investigators. Vancomycin, metronidazole, 
or tolevamer for Clostridium difficile infection: results from two 
multinational, randomized, controlled trials. Clin Infect Dis. 2014 Aug 
1;59(3):345–54. doi:10.1093/cid/ciu313. Epub 2014 May 5. PMID: 24799326

10. Gentry CA, Nguyen PK, Thind S, et  al. Fidaxomicin versus oral 
vancomycin for severe Clostridium difficile infection: a retrospective 
cohort study. Clin Microbiol Infect. 2019 Aug;25(8):987–993. 
doi:10.1016/j.cmi.2018.12.007. Epub 2018 Dec 22. PMID: 30583055

11. Kechagias KS, Chorepsima S, Triarides NA, et  al. Tigecycline for 
the treatment of patients with Clostridium difficile infection: an 
update of the clinical evidence. Eur J Clin Microbiol Infect Dis. 2020 
Jun;39(6):1053–1058. doi:10.1007/s10096-019-03756-z. Epub 2020 Jan 
11. PMID: 31927652

12. Vickers RJ, Tillotson GS, Nathan R, et al. CoDIFy study group. Efficacy 
and safety of ridinilazole compared with vancomycin for the treatment 
of Clostridium difficile infection: a phase 2, randomised, double-
blind, active-controlled, non-inferiority study. Lancet Infect Dis. 2017 
Jul;17(7):735–744. doi:10.1016/S1473-3099(17)30235-9. Epub 2017 Apr 
28. PMID: 28461207; PMCID: PMC5483507

13. Zhanel GG, Walkty AJ, Karlowsky JA. Fidaxomicin: A novel agent 
for the treatment of Clostridium difficile infection. Can J Infect Dis 
Med Microbiol. 2015 Nov-Dec;26(6):305–12. doi:10.1155/2015/934594. 
PMID: 26744587; PMCID: PMC4692299

14. Polivkova S, Krutova M, Capek V, et  al. Fidaxomicin versus 
metronidazole, vancomycin and their combination for initial episode, 
first recurrence and severe Clostridioides difficile infection – An 
observational cohort study. Int J Infect Dis. 2021 Feb;103:226–233. 
doi:10.1016/j.ijid.2020.11.004. Epub 2020 Nov 11. PMID: 33188906

15. Spiceland CM, Khanna S, Pardi DS. Outcomes With Fidaxomicin 
Therapy in Clostridium difficile Infection. J Clin Gastroenterol. 2018 
Feb;52(2):151–154. doi:10.1097/MCG.0000000000000769. PMID: 
28009682

16. Bruniera FR, Ferreira FM, Saviolli LR, et al. The use of vancomycin with 
its therapeutic and adverse effects: a review. Eur Rev Med Pharmacol 
Sci. 2015 Feb;19(4):694–700. PMID: 25753888

17. Ponziani FR, Scaldaferri F, Petito V, et al. The Role of Antibiotics in 
Gut Microbiota Modulation: The Eubiotic Effects of Rifaximin. Dig 
Dis. 2016;34(3):269–78. doi:10.1159/000443361. Epub 2016 Mar 30. 
PMID: 27027301

18. Reigadas E, Muñoz-Pacheco P, Vázquez-Cuesta S, et  al. Rifaximin-
resistant Clostridium difficile strains isolated from symptomatic patients. 
Anaerobe. 2017 Dec;48:269–272. doi:10.1016/j.anaerobe.2017.10.002. 
Epub 2017 Oct 6. PMID: 28988773

274 Journal of Pre-Clinical and Clinical Research 2024, Vol 18, No 3



Jan Kowalewski, Karolina Recka, Daria Michałka, Aleksandra Grzelak, Oliwia Jędrocha, Damian Bęben et al. Current treatments for recurrent Clostridium difficile infection

19. Vega AD, Heil EL, Blackman AL, et  al. Evaluation of Addition of 
Intravenous Metronidazole to Oral Vancomycin Therapy in Critically 
Ill Patients with Non-Fulminant Severe Clostridioides difficile Infection. 
Pharmacotherapy. 2020 May;40(5):398–407. doi:10.1002/phar.2393. 
Epub 2020 Apr 21. PMID: 32246501

20. Rokas KE, Johnson JW, Beardsley JR, et al. The Addition of Intravenous 
Metronidazole to Oral Vancomycin is Associated With Improved 
Mortality in Critically Ill Patients With Clostridium difficile Infection. 
Clin Infect Dis. 2015 Sep 15;61(6):934–41. doi:10.1093/cid/civ409. Epub 
2015 May 29. PMID: 26024909

21. Al-Jashaami LS, DuPont HL. Management of Clostridium difficile 
Infection. Gastroenterol Hepatol (N Y). 2016 Oct;12(10):609–616. PMID: 
27917075; PMCID: PMC5114503

22. Romyasamit C, Thatrimontrichai A, Aroonkesorn A, et al. Enterococcus 
faecalis Isolated From Infant Feces Inhibits Toxigenic Clostridioides 
(Clostridium) difficile. Front Pediatr. 2020 Sep 25;8:572633. doi:10.3389/
fped.2020.572633. PMID: 33102409; PMCID: PMC7545477

23. Baldoni D, Gutierrez M, Timmer W, et al. Cadazolid, a novel antibiotic 
with potent activity against Clostridium difficile: safety, tolerability and 
pharmacokinetics in healthy subjects following single and multiple oral 
doses. J Antimicrob Chemother. 2014 Mar;69(3):706–14. doi:10.1093/
jac/dkt401. Epub 2013 Oct 8. PMID: 24106141

24. Louie T, Nord CE, Talbot GH, et  al. Multicenter, Double-Blind, 
Randomized, Phase 2 Study Evaluating the Novel Antibiotic Cadazolid 
in Patients with Clostridium difficile Infection. Antimicrob Agents 
Chemother. 2015 Oct;59(10):6266–73. doi:10.1128/AAC.00504–15. Epub 
2015 Jul 27. PMID: 26248357; PMCID: PMC4576054

25. Gerding DN, Cornely OA, Grill S, et al. Cadazolid for the treatment of 
Clostridium difficile infection: results of two double-blind, placebo-
controlled, non-inferiority, randomised phase 3 trials. Lancet Infect 
Dis. 2019 Mar;19(3):265–274. doi:10.1016/S1473-3099(18)30614-5. Epub 
2019 Jan 29. PMID: 30709665

26. Okhuysen PC, Ramesh MS, Louie T, et al. A Randomized, Double-Blind, 
Phase 3 Safety and Efficacy Study of Ridinilazole Versus Vancomycin 
for Treatment of Clostridioides difficile Infection: Clinical Outcomes 
With Microbiome and Metabolome Correlates of Response. Clin Infect 
Dis. 2024 Feb 2:ciad792. doi:10.1093/cid/ciad792. Epub ahead of print. 
PMID: 38305378

27. Gergely Szabo B, Kadar B, et  al. Use of intravenous tigecycline in 
patients with severe Clostridium difficile infection: a retrospective 
observational cohort study. Clin Microbiol Infect. 2016 Dec;22(12):990–
995. doi:10.1016/j.cmi.2016.08.017. Epub 2016 Sep 4. PMID: 27599690

28. Manea E, Sojo-Dorado J, Jipa RE, et al. The role of tigecycline in the 
management of Clostridium difficile infection: a retrospective cohort 
study. Clin Microbiol Infect. 2018 Feb;24(2):180–184. doi:10.1016/j.
cmi.2017.06.005. Epub 2017 Jun 19. PMID: 28642147

29. Lomeli BK, Galbraith H, Schettler J, et al. Multiple-Ascending-Dose 
Phase 1 Clinical Study of the Safety, Tolerability, and Pharmacokinetics 
of CRS3123, a Narrow-Spectrum Agent with Minimal Disruption of 
Normal Gut Microbiota. Antimicrob Agents Chemother. 2019 Dec 
20;64(1):e01395–19. doi:10.1128/AAC.01395-19. PMID: 31685472; 
PMCID: PMC7187627

30. Hind C, Clifford M, Woolley C, et al. Insights into the Spectrum of 
Activity and Mechanism of Action of MGB-BP-3. ACS Infect Dis. 2022 
Dec 9;8(12):2552–2563. doi:10.1021/acsinfecdis.2c00445. Epub 2022 Nov 
29. PMID: 36444998; PMCID: PMC9745797

31. McPherson J, Hu C, Begum K, et  al. Functional and Metagenomic 
Evaluation of Ibezapolstat for Early Evaluation of Anti-Recurrence 
Effects in Clostridioides difficile Infection. Antimicrob Agents 
Chemother. 2022 Aug 16;66(8):e0224421. doi:10.1128/aac.02244–21. 
Epub 2022 Jul 6. PMID: 35862742; PMCID: PMC9380534

32. Bassères E, Eubank TA, Begum K, et  al. Antibacterial activity 
of ibezapolstat against antimicrobial-resistant clinical strains of 
Clostridioides difficile. Antimicrob Agents Chemother. 2024 Mar 
6;68(3):e0162123. doi:10.1128/aac.01621–23. Epub 2024 Feb 16. PMID: 
38364016; PMCID: PMC10916401

33. Abutaleb NS, Seleem MN. In vivo efficacy of auranofin in a hamster model 
of Clostridioides difficile infection. Sci Rep. 2021 Mar 29;11(1):7093. 
doi:10.1038/s41598-021-86595-3. PMID: 33782498; PMCID: PMC8007812

34. Gerding DN, Kelly CP, Rahav G, et al. Bezlotoxumab for Prevention of 
Recurrent Clostridium difficile Infection in Patients at Increased Risk 
for Recurrence. Clin Infect Dis. 2018 Aug 16;67(5):649–656. doi:10.1093/
cid/ciy171. PMID: 29538686; PMCID: PMC6093994

35. Escudero-Sánchez R, Ruíz-Ruizgómez M, Fernández-Fradejas J, et al. 
Real-World Experience with Bezlotoxumab for Prevention of Recurrence 
of Clostridioides difficile Infection. J Clin Med. 2020 Dec 22;10(1):2. 
doi:10.3390/jcm10010002. PMID: 33374989; PMCID: PMC7792623

36. Oksi J, Aalto A, Säilä P, et al. Real-world efficacy of bezlotoxumab for 
prevention of recurrent Clostridium difficile infection: a retrospective 
study of 46 patients in five university hospitals in Finland. Eur J Clin 

Microbiol Infect Dis. 2019 Oct;38(10):1947–1952. doi:10.1007/s10096-
019-03630-y. Epub 2019 Jul 29. PMID: 31359254; PMCID: PMC6778539

37. Zhao H, Dodds M, Tasch M, et al. Using synthetic activity to design ultra-
potent antibody cocktails. bioRxiv; 2021. doi: 10.1101/2021.12.21.473715

38. Feuerstadt P, Louie TJ, Lashner B, et al. SER-109, an Oral Microbiome 
Therapy for Recurrent Clostridioides difficile Infection. N Engl J Med. 
2022 Jan 20;386(3):220–229. doi:10.1056/NEJMoa2106516. PMID: 
35045228

39. Sims MD, Khanna S, Feuerstadt P, et al. ECOSPOR IV Investigators. 
Safety and Tolerability of SER-109 as an Investigational Microbiome 
Therapeutic in Adults With Recurrent Clostridioides difficile Infection: 
A Phase 3, Open-Label, Single-Arm Trial. JAMA Netw Open. 2023 Feb 
1;6(2):e2255758. doi:10.1001/jamanetworkopen.2022.55758. PMID: 
36780159; PMCID: PMC9926325

40. Khanna S, Assi M, Lee C, et al. Efficacy and Safety of RBX2660 in PUNCH 
CD3, a Phase III, Randomized, Double-Blind, Placebo-Controlled Trial 
with a Bayesian Primary Analysis for the Prevention of Recurrent 
Clostridioides difficile Infection. Drugs. 2022 Oct;82(15):1527–1538. 
doi:10.1007/s40265-022-01797-x. Epub 2022 Oct 26. Erratum in: Drugs. 
2022 Nov 7; PMID: 36287379; PMCID: PMC9607700

41. Khanna S, Kelly C, Louie T, et  al. S131 CP101, an Investigational 
Orally Administered Microbiome Therapeutic, Increases Intestinal 
Microbiome Diversity and Prevents Recurrent C. difficile Infection: 
Results From a Randomized, Placebo-Controlled Trial. The American 
Journal of Gastroenterology 116():p S57, October 2021. doi:10.14309/01.
ajg.0000772996.83378.7c

42. Gerding DN, Meyer T, Lee C, et  al. Administration of spores of 
nontoxigenic Clostridium difficile strain M3 for prevention of recurrent 
C. difficile infection: a randomized clinical trial. JAMA. 2015 May 
5;313(17):1719–27. doi:10.1001/jama.2015.3725. PMID: 25942722

43. Sambol SP, Johnson S, Cheknis A, et al. Absence of toxin gene transfer 
from Clostridioides difficile strain 630Δerm to nontoxigenic C. difficile 
strain NTCD-M3r in filter mating experiments. PLoS One. 2022 Jun 
29;17(6):e0270119. doi:10.1371/journal.pone.0270119. PMID: 35767545; 
PMCID: PMC9242483

44. Kokai-Kun JF, Roberts T, Coughlin O, et al. The Oral β-Lactamase SYN-
004 (Ribaxamase) Degrades Ceftriaxone Excreted into the Intestine 
in Phase 2a Clinical Studies. Antimicrob Agents Chemother. 2017 
Feb 23;61(3):e02197–16. doi:10.1128/AAC.02197-16. PMID: 28052855; 
PMCID: PMC5328510

45. Kokai-Kun JF, Roberts T, Coughlin O, et  al. Use of ribaxamase 
(SYN-004), a β-lactamase, to prevent Clostridium difficile infection 
in β-lactam-treated patients: a double-blind, phase 2b, randomised 
placebo-controlled trial. Lancet Infect Dis. 2019 May;19(5):487–496. 
doi:10.1016/S1473-3099(18)30731-X. Epub 2019 Mar 15. PMID: 30885591

46. de Gunzburg J, Ghozlane A, Ducher A, et al. Protection of the Human 
Gut Microbiome From Antibiotics. J Infect Dis. 2018 Jan 30;217(4):628–
636. doi:10.1093/infdis/jix604. PMID: 29186529; PMCID: PMC5853327

47. Buffie CG, Bucci V, Stein RR, et al. Precision microbiome reconstitution 
restores bile acid mediated resistance to Clostridium difficile. Nature. 
2015 Jan 8;517(7533):205–8. doi:10.1038/nature13828. Epub 2014 Oct 
22. PMID: 25337874; PMCID: PMC4354891

48. Allegretti JR, Kassam Z, Osman M, et al. The 5D framework: a clinical 
primer for fecal microbiota transplantation to treat Clostridium difficile 
infection. Gastrointest Endosc. 2018 Jan;87(1):18–29. doi:10.1016/j.
gie.2017.05.036. Epub 2017 Jun 3. PMID: 28583769

49. Fischer M, Sipe B, Cheng YW, et al. Fecal microbiota transplant in severe 
and severe-complicated Clostridium difficile: A promising treatment 
approach. Gut Microbes. 2017 May 4;8(3):289–302. doi:10.1080/194
90976.2016.1273998. Epub 2016 Dec 21. PMID: 28001467; PMCID: 
PMC5479393.

50. Cammarota G, Masucci L, Ianiro G, et al. Randomised clinical trial: 
faecal microbiota transplantation by colonoscopy vs. vancomycin for 
the treatment of recurrent Clostridium difficile infection. Aliment 
Pharmacol Ther. 2015 May;41(9):835–43. doi:10.1111/apt.13144. Epub 
2015 Mar 1. PMID: 25728808

51. Hvas CL, Dahl Jørgensen SM, Jørgensen SP, et  al. Fecal Microbiota 
Transplantation Is Superior to Fidaxomicin for Treatment of Recurrent 
Clostridium difficile Infection. Gastroenterology. 2019 Apr;156(5):1324–
1332.e3. doi:10.1053/j.gastro.2018.12.019. Epub 2019 Jan 2. PMID: 
30610862

52. Drewes JL, Corona A, Sanchez U, et al. Transmission and clearance 
of potential procarcinogenic bacteria during fecal microbiota 
transplantation for recurrent Clostridioides difficile. JCI Insight. 2019 
Oct 3;4(19):e130848. doi:10.1172/jci.insight.130848. PMID: 31578306; 
PMCID: PMC6795395

53. Keller JJ, Ooijevaar RE, Hvas CL, et al. A standardised model for stool 
banking for faecal microbiota transplantation: a consensus report from a 
multidisciplinary UEG working group. United European Gastroenterol 
J. 2021 Mar;9(2):229–247. doi:10.1177/2050640620967898. Epub 2021 
Mar 9. PMID: 33151137; PMCID: PMC8259288

275Journal of Pre-Clinical and Clinical Research 2024, Vol 18, No 3


