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Editorial on the Research Topic
Clostridioides difficile infection

Clostridioides difficile (CD) is a Gram-positive, anaerobic bacterium that is the leading
cause of nosocomial diarrhea worldwide. CD contributes to increased morbidity, mortality,
and prolonged hospitalization (1, 2). Although research has advanced our understanding of
the epidemiology and clinical management of Clostridioides difficile infection (CDI), there
is still a substantial need for studies to elucidate critical aspects of this disease.

This Research Topic includes five original research articles and two review articles
that explore specific aspects of CDI. The articles cover CDI incidence among COVID-
19 patients, factors that contribute to misdiagnosis and underdiagnosis of CDI, the role of
human and non-human reservoirs in the pathogen’s transmission chain within hospitals
and communities, and the latest approaches for CDI treatment.

In recent years, significant progress has been made in understanding the pathogenesis
of CDI and the role of gut microbiota during CDI development (3).

CD is transmitted through the fecal-oral route in the form of spores. The presence of
primary bile acids in the small intestine has been recognized as one of the factor controlling
the germination of CD spores (4). The destruction of microbiota, usually caused by
antibiotics, can create conditions that favor colonization and growth of vegetative CD cells.

Indeed, bile acids are a significant factor in the control of CD proliferation and CDI
development (5, 6).

Modification of bile acids by microbiota contributes to host resistance against intestinal
pathogens, such as CD. The bacteria C. scindens has a role in this process by converting
primary bile acids to secondary bile acids, which inhibits the growth of CD (6).

After broad-spectrum antibiotic treatment, the patients intestinal microflora is
disrupted, leading to a reduction in the relative abundance of C. scindens. The imbalance
between the intestinal colonization of CD and C. scindens prevents the metabolism of bile
acids, resulting in an increase in the ratio of primary to secondary bile acids. This, in turn,
facilitates the germination and overgrowth of CD (6).

Even after adequate antibiotic therapy against CD, CDI recurrences are observed due
to the germination of remaining CD spores, favored by the relative increase in primary bile
acids (5, 6).
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Moreover, recent studies suggest that Enterococci and CD
may interact through metabolic cross-talk during CDI, enhancing
mutual colonization, persistence, and pathogenesis in the gut (7).
Enterococci can increase toxin production, thereby enhancing the
pathogenesis of CD (7). Additionally, the biofilm structure of
Enterococcus faecalis plays a role in enhancing the survival of CD
following antibiotics exposure (8).

Vegetative CD cells possess genes encoding up to three different
toxins, which cause the onset of clinical symptoms. Toxin A and
toxin B are glucosyltransferases that bind to host cell receptors,
are endocytosed by host cells, and subsequently inactivate Rho
family GTPases by glycosylation (9). This inactivation destroys
the host cytoskeleton and accelerates the breakdown of epithelial
barrier function. A third toxin, called CD transferase or binary
toxin, is an ADP-ribosyltransferase. Upon endocytosis, the binary
toxin catalyzes the depolymerization of actin (9). Together, the CD
toxins can disrupt the colonic epithelium to cause fluid secretion,
inflammation and tissue damage.

Finally, the long-term impact of SARS-CoV-2 and CD
coinfection remains unknown. Several mechanisms can influence
the onset and clinical course of CDI in SARS-CoV-2 infected
patients. The gastrointestinal tract expresses SARS-CoV-2 receptors
such as the angiotensin-converting enzyme 2 and transmembrane
serine protease 2 (10). Therefore, COVID-19 can directly damage
the gastrointestinal tract.

The effects of SARS-CoV-2 virus replication include disruption
of both the innate and adaptive immune response, damage to
the host gastrointestinal barrier, and detrimental effects on the
gut microbiome (11-14). Delayed diagnosis of CDI may occur
due to misinterpretation of gastrointestinal symptoms in COVID-
19 patients, which are mistakenly attributed to the action of the
SARS-CoV-2 virus rather than CD (11-14).

The epidemiology and clinical spectrum of CDI appear to have
undergone changes during the COVID-19 pandemic, requiring
further clarification. Tools are needed to promptly identify CDI
among COVID-19 patients, particularly those at high risk of severe
CDI (15).

There is limited data on the incidence and features of
CDI in COVID-19 patients. However, most available studies
have not reported a significant increase in CDI incidence
during the COVID-19 pandemic compared to the pre-pandemic
period (16-18).

In a retrospective study, Vazquez-Cuesta et al. compared the
incidence of hospital-acquired CDI between hospitalized patients
with and without COVID-19. The aim was to delineate the
characteristics of COVID-19 patients who developed CDI. In
2020, they identified 68 episodes of hospital-acquired CDI in
COVID-19 patients (14.75/10,000 days) and 159 in non-COVID-
19 patients (5.54/10,000 days). In contrast, the incidence during
the pre-pandemic period in 2019 was 6.80/10,000 days. The
study found that hospital-acquired CDI is more common among
COVID-19 patients than non-COVID-19 patients. It is worth
noting that COVID-19-associated hospital-acquired CDI cases had
longer hospital stays (p < 0.05) (Vazquez-Cuesta et al.). Moreover,
COVID-19 patients with hospital-acquired CDI had a significantly
higher in-hospital mortality rate (23.1%) compared to patients with
hospital-acquired CDI but without COVID-19 (14.3%) (p: 0.006).
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The authors suggest that the higher occurrence of hospital-acquired
CDI in COVID-19 patients could be due to risk factors present in
this population, such as prolonged hospitalization and extensive
antibiotic use (Vazquez-Cuesta et al.).

Furthermore, Azimirad et al. conducted a literature review
on potential risk factors contributing to the increased incidence
of CDI in COVID-19 patients. The review suggests that
hospitalized elderly patients under antibiotic treatment may be
more susceptible to CDI. The use of broad-spectrum antibiotics,
such as cephalosporins or fluoroquinolones, can affect the gut
microbiota of COVID-19 patients. This can reduce colonization
resistance against opportunistic pathogens like CD, potentially
leading to CDI. Additionally, patients with CDI may have
prolonged presence of SARS-CoV-2 viral particles in their feces for
up to 1 month (19). This coinfection could increase the nosocomial
transmission of both SARS-CoV-2 and CD through fecal materials
(19). The review highlights the importance of infection prevention
measures and judicious antibiotic use in managing COVID-19
patients (Azimirad et al.).

Currently, the rates of underdiagnosis and misdiagnosis of CDI
remain high. Diagnostic algorithms typically involve a two-step
protocol that uses stool enzyme immunoassays to detect the CD
glutamate dehydrogenase antigen and CD toxins. The presence
of CD toxins in the patients stool is crucial for supporting the
diagnosis of CDI. However, recent research suggests that CD strains
with low toxin production, which are found in toxin-negative
clinical stool specimens, can still cause disease in a rodent CDI
model (20).

To address this concern, Anwar et al. conducted a longitudinal
surveillance study to determine the frequency of discrepant CDI
specimens, specifically those that are GDH positive but toxin
negative. The study evaluated 8,910 CD isolates recovered from
stool specimens, of which 19.4% (1,733 out of 8,910) were found
to harbor CD. It is noteworthy that 1,041 out of the 1,733 CD
specimens were toxin-negative by enzyme immunoassays. Among
these toxin-negative specimens, 69% (439 out of 636 ribotyped
specimens) were found to harbor toxigenic CD strains through
DNA ribotyping. Although these strains produced less toxin
than those from non-discrepant specimens of the same ribotype,
the findings highlight the potential clinical significance of
diagnostically discrepant specimens. To prevent misdiagnosis of
CDI a thorough re-evaluation of the clinical significance of such
specimens is recommended, particularly when there is a strong
clinical suspicion of CDI (Anwar et al.).

Furthermore, asymptomatic carriers of CD may serve as a
significant reservoir, contributing to the transmission of CD within
healthcare settings. A comprehensive national, multicenter, point
prevalence study was conducted across 11 French hospitals to
estimate the rate of toxigenic CD asymptomatic carriage and
identify associated risk factors. The study involved 2,389 patients
with a median age of 62 years (Jolivet et al.).

Of the patients, 185 (7.7%) tested positive for CD, including 93
(3.9%) with toxigenic strains. It is noteworthy that 77 (82.8%) of
the toxigenic carriers were asymptomatic, resulting in a prevalence
of asymptomatic CD carriers patients of 3.2%. Two risk factors that
were positively associated with asymptomatic carriage of toxigenic
CD: co-carriage of multidrug-resistant organisms (adjusted Odds
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Ratio: 2.3, 95% confidence interval: 1.2-4.7, p: 0.02) and a history
of previous CDI episodes (adjusted Odds Ratio: 5.8, 95% confidence
interval: 1.2-28.6, p: 0.03). The study found that the consumption
of raw milk was protective against toxigenic CD colonization
(adjusted Odds Ratio: 0.5, 95% confidence interval: 0.2-0.9, p: 0.01).
This may be due to the barrier effect provided by bacteria associated
with raw milk (Jolivet et al.).

The epidemiology of CD is changing, with a significant
increase in community-acquired CDI. It is important to understand
both in-hospital and community transmission routes to develop
appropriate interventions.

Alves et al. conducted a study to identify CD strains in canine
and feline populations and assess their genetic similarity to human
strains, in order to detect potential interspecies transmission. In this
study, 335 fecal samples were collected from dogs and 140 from
cats in Portugal. The CD isolates were characterized by toxigenic
profile and ribotyping. Antimicrobial resistance determinants were
examined in resistant isolates, and whole-genome sequencing was
performed on 83 strains from animals and humans. The CD
positivity rate was found to be 23.1% (110/475), with toxigenic
strains constituting 50% of animal carriage (Alves et al.). The
study found that 17.1% of isolates were resistant to metronidazole
and 12.4% were resistant to moxifloxacin due to the “pCD-
METRO” plasmid and point mutations in the gyrA and rpoB
genes, respectively. This study confirmed that toxigenic CD can be
transmitted from companion animals to humans. Genetic analysis
has identified clusters that integrate isolates from both animal and
human sources, supporting the potential for clonal interspecies
transmission or shared environmental contamination (Alves et al.).

Recurrent CDI is a persistent challenge despite existing
therapies. To address this issue, non-antimicrobial strategies
such as monoclonal anti-toxin antibodies, fecal microbiota
transplantation, live bacterial products, and CD vaccines have been
explored. However, further studies are needed to confirm their
efficacy and safety.

Barbosa et al. conducted a literature review on the use of
probiotics to prevent CDI. The authors identified seven studies
on the issue, but no consensus was reached among the included
studies. Three studies supported the use of probiotics for reducing
hospital-onset CDI in elderly patients, while four studies found no
significant benefit. The authors concluded that more research is
necessary, and current evidence does not adequately support the
prescription of probiotics for CDI prevention (Barbosa et al.).

It has been shown that fecal microbiota transplantation is
a promising approach. A cost-effectiveness study was conducted
to compare different treatments for recurrent CDI (Lan et al.).
The study utilized a Markov model with a one-year time horizon
and was based on data from a large Taiwanese hospital. The
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