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Abstract: Clostridioides difficile infection (CDI) is one of the most common causes of antibiotic-
associated diarrhea. The pathogenesis of this infection participates in the unstable colonization
of the intestines with the physiological microbiota. Solid-organ-transplant (SOT) patients and pa-
tients after hematopoietic stem cell transplantation are more prone to CDI compared to the general
population. The main CDI risk factors in these patients are immunosuppressive therapy and frequent
antibiotic use leading to dysbiosis. The current review article provides information about the risk
factors, incidence and course of CDI in patients after liver, kidney, heart and lung transplantation and
hematopoietic stem cell transplantation.

Keywords: Clostridioides difficile infection; solid-organ transplantation; hematopoietic stem cell
transplantation

1. Methodology

This literature review was based on the PubMed database using the following key-
words: Clostridium difficile infection, Clostridioides difficile infection, microbiota, dysbiosis,
solid-organ transplantation, hematopoietic stem cell transplantation, kidney transplanta-
tion, liver transplantation, heart transplantation and lung transplantation. Original articles,
review articles and case reports from 2001 to 2022 were included in the analysis.

2. Microbiota

The intestinal microbiota consist of microorganisms that live in the human gastroin-
testinal tract, such as various species of bacteria, viruses, fungi and protozoa. The intestinal
microbiota composition depends on several factors, such as diet, exposure to environ-
mental microbiota or toxins, as well as on occurring diseases and used drugs, including
antibacterial agents [1,2]. The physiological role of the intestinal microbiota is complex. It
is to maintain the intestinal homeostasis and integrity of the gastrointestinal epithelium,
regulate the immune system’s function, prevent colonization and infection with pathogenic
microbes and provide nutritional benefits to the human host [3]. Dysbiosis is an imbalance
in the composition and function of these microorganisms. It is manifested by a reduction
in the number of beneficial bacteria, an increase in the number of potentially pathogenic
bacteria and a loss of microbiota diversity and richness [4].

Organ transplantation recipients often show a reduction in the microbiome’s diversity
and an increase in potentially pathogenic bacteria, such as Proteobacteria. In addition, it is
associated with a decrease in the production of short-chain fatty acids (SCFA), which have
a positive effect on the functioning of the intestinal epithelial barrier, modulate the immune
response and prevent the proliferation of cancer cells. It is unclear whether this is due
to factors associated with organ transplantation (e.g., immunosuppressive therapy, more
frequent antibiotic therapy and hospitalizations) or whether it is due to baseline organ
dysfunction. The characteristics of dysbiosis for each type of organ transplant are discussed
in the paragraphs below [5].
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The analysis of the microbiota composition is completed using 16S rRNA sequence
analysis. The choice of 165 rRNA was determined, among others, by common occurrence in
bacteria and its highly conservative nature. It consists of isolating genomic DNA from the
tested material, on the template of which, in the PCR reaction, the fragment encoding the
165 rRNA subunit is amplified. Identification is based on the search for homology between
the sequence of the product obtained and the sequences stored in available databases.
Strains showing at least 95% sequence identity of the 165 rDNA are classified into the same
genus, while 97% or greater similarity determines the species affiliation of the strain [6].

2.1. Clostridioides difficile Infection

Clostridioides difficile is a strictly anaerobic Gram-positive, rod-shaped bacteria, with
the ability to produce spores. Spores of this bacteria show increased resistance to high
temperature and are resistant to acids and antibacterial drugs. Transmission of the infection
occurs via the fecal-oral route. After ingestion and transfer into the duodenal lumen, spores
stimulated by the contact with bile acids transform into vegetative forms.

Clostridioides difficile infection is one of the most common causes of antibiotic-associated
diarrhea [7]. In recent years, there has been an increase in the incidence of CDI and a more
frequent occurrence of severe and complicated forms of this infection. Moreover, recently,
overall mortality in CDI increased from 4.5% to 5.7% [8]. This is due to the worldwide
spread of the NAP1/BI/027 Clostridioides difficile strain, characterized by increased synthesis
of toxins A and B, production of the binary toxin, greater capacity to form spores and
greater resistance to fluoroquinolones [8,9]. The main factor determining the pathogenicity
of Clostridioides difficile is the production of A, B and binary toxins. Damage to the intestinal
mucosa and excess mucus production results in diarrhea, colitis and the formation of
pseudo-membranes composed of inflammatory cells, fibrous exudates and necrosis.

2.2. Clostridioides difficile Infection in Patients after Organ Transplantation

Solid-organ transplant (SOT) patients are more prone to CDI compared to the general
population. The main risk factors of Clostridioides difficile infection in these patients are
immunosuppressive therapy and frequent antibiotic therapy used for prophylactic or
therapeutic purposes [10]. Exposure to toxigenic strains of Clostridioides difficile may lead,
in SOT patients, similarly to the general population, to asymptomatic colonization of
the large intestine or symptomatic CDI. Persistent intestinal colonization by Clostridioides
difficile is found in 4-15% of the population and most people have demonstrated periodic
colonization [11]. Clinically, CDI may present as: diarrhea of varying severity, colitis
without pseudomembranes, pseudomembranous colitis, fulminant colitis with megacolon
toxicum, paralytic obstruction or perforation of the colon, sepsis or multi-organ failure.
CDI’s common clinical symptoms include watery diarrhea, lower abdominal pain, fever,
nausea, vomiting and malaise. From 15% to 25% of patients with CDI develop a relapse
after treatment [12]. In the SOT patients, the risk of recurrence is approximately 20%, but
in some of them (e.g., patients after lung or heart transplantation), it may increase up to
33%. The most common cause of this condition is the unstable colonization of the intestines
with the physiological microbiota, less often the failure to produce IgG antibodies against
toxins A and B or resistance of Clostridioides difficile to the antibacterial drugs used, i.e.,
vancomycin or fidaxomicin [13].

2.2.1. Clostridioides difficile Infection Diagnosis

The diagnostic procedures for CDI in SOT patients are similar to in the general popu-
lation. The current guidelines for CDI diagnosis were published by the Infectious Diseases
Society of America (IDSA) and the Society for Healthcare Epidemiology of America (SHEA) in
2017. Clostridioides difficile infections are diagnosed in patients with diarrhea or megacolon
toxicum and with the occurrence of one of the following criteria: the presence of toxins A
and/or B in the stool or a toxin-producing strain of Clostridioides difficile in the stool culture
or other diagnostic methods or evidence of pseudomembranous enteritis on endoscopic
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examination, during surgery or on histopathological examination. The diagnostic material
is a stool sample taken from a patient suspected of CDL. In the absence of diarrhea in the
case of bowel obstruction, it is necessary to collect a rectal swab for molecular testing or
culture for the presence of a toxin-causing Clostridioides difficile strain. In diagnostics, a
multi-step algorithm is used. In the first stage, it is recommended to complete a highly
sensitive test-nucleic acid amplification test (NAAT) or enzyme immunoassay to detect
glutamate dehydrogenase (EIA GDH). In the case of a positive result in the second stage,
enzyme immunoassays are used to detect toxins A and B. A positive test result confirms
CDIL. In the case of a negative result, it is advisable to consider the presence of CDI based
on the patient’s clinical status assessment or complete NAAT test (in the case of GDH
EIA in the first stage) or stool culture for Clostridioides difficile with the determination of
bacterial toxigenicity [14].

2.2.2. Prophylaxis of Clostridioides difficile Infection

Due to the increased incidence of CDI and its severe forms and relapses in patients after
solid-organ transplantation and hematopoietic stem cell transplantation, it is important to
use effective prophylaxis in these patients. It is important to use non-specific prophylaxis to
limit the transfer of infection, such as: using contact precautions, such as disposable gloves
and an apron, frequent handwashing with soap and water, environmental disinfection and,
in a case of diagnosed CDJ, isolation of the patient [14-16].

Taking into account that one of the causative factors of CDI is dysbiosis, it is also
recommended in the general population, to administer probiotics during antibiotic therapy
to prevent the disruption of the intestinal microbiota. Limited data are available on the
safety and efficacy of probiotics used in patients after organ transplantation. Dudzicz et al.,
in a retrospective study, observed a significant decrease in the CDI incidence rate (from
449 to 7.2 per 1000 patients hospitalized; p = 0.005) after implementation of a Lactobacillus
plantarum 2990 (LP299v) strain as CDI prevention in patients during immunosuppression
and antibiotic therapy and significantly increased the CDI incidence (from 7.2 to 34.0 per
1000 hospitalized patients; p = 0.025) after cessation of this method of prophylaxis [17].
Grat et al. analyzed the effectiveness of probiotics in infection prevention (including CDI)
in 55 patients in the early postoperative period after liver transplantation. In patients in
such an early period after successful liver transplantation receiving a combined probiotic
preparation containing Bifidobacterium bifidum, Lactobacillus acidophilus, Lactobacillus casei
and Lactococcus lactis, a significantly lower incidence of infections compared to patients
who received placebo was found (30-day infection rates: 4.8% versus 34.8%, p = 0.02;
90-day infection rates: 4.8% versus 47.8%, p = 0.002). Moreover, in patients receiving
probiotics, a faster improvement in the biochemical parameters of the transplanted liver
function was observed: lower plasma bilirubin concentration and a faster decrease in
the activity of aspartate and alanine aminotransferases in plasma were found (p = 0.02,
p =0.03 and p = 0.03, respectively) [18]. Rayes et al., in a prospective, randomized, placebo-
controlled study, analyzed the incidence of postoperative infections in 95 patients after
liver transplantation. Patients were divided into three groups, differing in the method of
early enteral nutrition. Significantly more infections occurred in patients who received
preventive antibacterial treatment for the so-called selective bowel decontamination (SBD)
compared to the LP299v and oat fiber group. The incidence of infections in the placebo
group (heat-inactivated LP299v and oat fiber) was also lower than in patients with SBD [19].

Decreasing unnecessary use of gastric-acid-suppressant medications (proton pump
inhibitors (PPIs) and histamine H2 receptor blockers) only to clear clinical indications
may also reduce the incidence and recurrence of CDI. In a meta-analysis of 16 studies that
included 7703 subjects, Tariq et al. found a higher incidence of recurrent CDI in patients
with gastric-acid-production suppression (22.1% compared with 17.3% in patients without
gastric acid suppression, OR 1.52; 95% CI: 1.20-1.94; p < 0.001) [20]. In another meta-analysis
of 50 studies, including 342,532 subjects, Cao et al. found significant association between
PPI use and CDI risk (OR: 1.26; 95% CI: 1.12-1.39). Increasing the pH of gastric fluid due to
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the use of proton pump inhibitors facilitates the growth of potentially pathogenic bacterial
strains and fungi in the gastrointestinal tract by dysbiosis induction. In addition, reducing
the acidity in the stomach environment may enable or facilitate conversion from spores to
vegetative forms of Clostridioides difficile in the upper gastrointestinal tract [21].

2.2.3. Treatment of Clostridioides difficile Infection

CDI treatment in patients after solid-organ transplantation and hematopoietic stem
cell transplantation is the same as in the general population. CDI treatment is carried out
in accordance with the current guidelines of the European Society of Clinical Microbiology and
Infectious Diseases (ESCMID) published in 2021 [22]. The main drugs used in the treatment
of CDI are vancomycin and fidaxomicin.

Orally administered vancomycin is only slightly absorbed from the gastrointestinal
tract and, therefore, reaches high concentrations in the intestinal lumen. Clinical trials
showed high effectiveness of CDI treatment with vancomycin—it was 98% in mild forms
of CDI and 97% in severe forms of CDI. However, its use is associated with the risk of
vancomycin-resistant enterococci (VRE) selection and, due to the broad spectrum of activity,
with the risk of dysbiosis, which increases the risk of recurrent CDI and Clostridioides difficile
colonization.

Fidaxomicin is a macrolide antibiotic with a narrow spectrum of activity against
aerobic and anaerobic Gram-positive bacteria. After oral administration, it is not absorbed
from the gastrointestinal tract. Its efficacy in CDI treatment is comparable to that of
vancomycin—88% efficacy in patients treated with fidaxomicin compared to 86% in patients
treated with vancomycin. Moreover, no adverse effect of fidaxomicin on the physiological
intestinal microbiota was observed. Its advantage is a lower risk of relapse compared to
patients treated with vancomycin (15% vs. 25%) due to the prevention of the formation of
spores of Clostridioides difficile [23,24]. Different treatment algorithms are recommended,
depending on the severity of CDI or the incidence of relapse, as presented in Figure 1.

One of the effective treatments for recurrent CDI is the transfer of the intestinal
microbiota (FMT). This method of therapy may be considered in recurrent CD], especially
in the event of failure of pharmacological treatment. There are few published studies of FMT
in patients undergoing immunosuppressive therapy. Friedman-Moraco et al. described
cases of two patients after organ transplantation (after kidney and lung transplantation)
with recurrent CDI, in whom FMT treatment proved to be safe and effective [25]. In a
study by Lin et al., involving five patients after organ transplant (four patients after kidney
transplantation and one patient after pancreatic transplantation) with recurrent CD], in
four out of five patients, there was no recurrence of infection after one FMT. The most
common adverse reaction to FMT in these patients was cramp-like abdominal pain and
constipation [26]. Webb et al. assessed the efficacy and safety of FMT in a group of patients
after hematopoietic cell transplantation. Six of seven (i.e., 85.7%) patients had no recurrence;
one patient recurred at day 156 post FMT after therapy with an antibiotic given orally and
required repeat FMT, after which no further recurrence was observed. In this study, no
serious adverse events were noted and all-cause mortality was 0% [27].

Bezlotoxumab is a human monoclonal antibody against Clostridioides difficile toxin B
that binds and neutralizes the above-mentioned toxin. Currently, bezlotoxumab is approved
to prevent recurrent CDI in high-risk adult patients. Its efficacy has been confirmed in
large, randomized, double-blind trials: MODIFY I and MODIFY II. Bezlotoxumab is
administered as a single intravenous dose during oral antibiotic therapy in patients with
CDI with a high risk of CDI recurrence [28]. Gerding et al., in a randomized clinical
trial with placebo in a subpopulation of patients with risk factors for CDI recurrence,
including immunosuppressive therapy, found a significant reduction in the risk of CDI
recurrence in the bezlotoxumab group compared to the placebo group (28.1 vs. 54.3%,
respectively) [29]. The effectiveness of bezlotoxumab in SOT patients in reducing the
frequency of CDI recurrences was also analyzed by Kerr et al., in a retrospective study. The
above-mentioned study included 21 SOT patients (12 treated with bezlotoxumab, 9 received
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placebo) with CDI. All participants received standard antibiotic therapy. Kerr et al. found
a reduction in CDI recurrence from 33% to 9% compared to controls during the 90-day

follow-up period [30].

Clostridioides difficile infection

— | Clostridioides difficile infection

A

Therapy of initial

Therapy of recurrent
Clostridioides difficile infection

Non-severe CDI:

fidaxomicin 200 mg p.o. twice a day for e
10 days

vancomycin 125 mg p.o. four times per
day for 10 days

if the above are unavailable: .
metronidazole 500 mg p.o. three times a
day for 10 days

in case of high risk of recurrence:
consider prolonged administration of
fidaxomicin (days 1-5: 200 mg p.o.
twice a day, days 7-25: 200 mg p.o. .
once a day) and adding bezlotoxumab to
standard therapy - a single i.v. infusion
10 mg/kg of the patient's body weight

Severe CDI:

First recurrence:

in the case of vancomycin or
metronidazole use for the initial
episode: fidaxomicin 200 mg p.o.
twice a day for 10 days

in the case of fidaxomicin use for the
initial episode: fidaxomicin 200 mg
p.o. twice a day for 10 days or
vancomycin 125 mg p.o. four times
per day for 10 days, consider adding
bezlotoxumab to standard therapy

if the fidaxomicin and bezlotoxumab
are unavailable: vancomycin
pulse/taper therapy e.g., 125 mg p.o.
four times per day for 14 days, twice a
day for a week, once per day for a
week, every 48 hours for a week and
every 72 hours for a week

fidaxomicin 200 mg p.o. twice a day for

10 days
vancomycin 125 mg p.o. four times per —
day for 10 days .
if oral therapy is not possible:
intraluminal (gastroduodenal or .
coloscopic) delivery
consider adjunctive treatment with O
metronidazole 500 mg i.v. three times a
day or tigecycline 50 mg i.v. twice a day A

— | Refractory CDI:

fidaxomicin 200 mg p.o. twice a day for
10 days

vancomycin 125 mg p.o. four times per
day for 10 days

Second or next recurrence:

fidaxomicin 200 mg p.o. twice a day
for 10 days

vancomycin 125 mg p.o. four times per
day for 10 days

consider adding bezlotoxumab to
standard therapy

if the fidaxomicin and bezlotoxumab
are unavailable: vancomycin
pulse/taper therapy e.g., 125 mg p.o.
four times per day for 14 days, twice a
day for a week, once per day for a
week, every 48 hours for a week and
every 72 hours for a week

fecal microbiota transfer

consider: tigecycline 50 mg i.v. twice a
day and fecal microbiota transfer

Figure 1. Therapy of Clostridioides difficile infection (i.v.—intravenous, p.o.—per 0s) [22].
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Another interesting recent report described the use of an oral therapeutic microbiome
preparation in the treatment of CDI relapses. This microbiome preparation, called SER-
109, was composed of live, purified spores from the Firmicutes bacteria. Feuerstadt et al.,
in a phase 3, double-blind, randomized, placebo-controlled trial, with 182 patients from
the general population, observed that the occurrence of CDI recurrence was 12% in the
SER-109 group and 40% in the placebo group (RR 0.32; 95% CI, 0.18 to 0.58; p < 0.001). The
most common adverse effect of the studied drug was mild to moderate gastrointestinal
complaints. The effectiveness of the Firmicutes strain used is most likely due to competition
with Clostridioides difficile for essential nutrients or modulating bile acid profiles to restore
colonization resistance. In the future, SER-109 therapy may be a valuable alternative to
FMT, which may carry the risk of transmitting undetected pathogens that may lead to a
deterioration in the patient’s general health status. SER-109 may also be used not only for
the treatment of recurrent CDI but also other diseases, with a pathogenesis that may be
related to dysbiosis [31]. This method of CDI prophylaxis undoubtedly needs study in
patients after solid-organ transplantation and hematopoietic stem cell transplantation.

3. Liver Transplantation

Intestinal dysbiosis is one of the disorders reported in patients with liver cirrhosis,
especially in patients with decompensated cirrhosis and hepatic encephalopathy. The CDI
risk in patients with liver cirrhosis ranges from 0.9% to 5.7% in the available published
studies [32,33]. Dysbiosis in patients with liver cirrhosis may be caused by dysfunction
in bile acid metabolism and production, hyperammonemia and, as a result, lead to bac-
terial translocation due to increased permeability of the intestinal barrier [34]. Clinical
studies describe an improvement in intestinal microbiota function after liver transplan-
tation. Bajaj et al. analyzed data on the microbiota composition in 45 patients after liver
transplantation. Based on the analysis of microbiota in stool samples, an increase in
bacterial richness of microbiota in patients after liver transplantation was found (index
Chaol—nonparametric method for estimating the number of species in a community,
pre-LT patients 468.9 & 263.1 vs. post-LT patients 694.9 £ 240.6; p < 0.05). It was also
found that, in liver transplant recipients, whose cognitive functions did not improve after
transplantation, the number of Proteobacteria and Enterobacteriaceae increased significantly
and the number of commensal bacteria Firmicutes decreased (median in subjects before
liver transplant compared to patients after liver transplantation 0% vs. 12%; p = 0.04) [35].
In another study, Bajaj et al., including 40 liver transplant recipients, showed an increase
in diversity of the intestinal microbiota after liver transplantation compared to the pre-
transplant period. Control microbiota evaluation was completed from 4 to 10 months
after liver transplantation (Shannon microbial diversity index—measure of diversity that
combines the number of species in a given area and their relative abundances, 2.1 & 0.7 vs.
1.6 £ 0.7; p = 0.001). In the post-transplant period, a decrease in the number of pathogenic
bacterial species, such as Escherichia, Shigella and Salmonella, and an increasing number
of commensal bacteria, such as Lachnospiraceae and Ruminococcaceae, were also found [36].
In addition to the improvement in intestinal dysbiosis after successful liver transplanta-
tion, Wijarnpreecha et al., in a retrospective cohort study, included 1665 liver transplanted
patients with CDI and observed a higher incidence of CDI in patients after liver transplan-
tation compared to the general population (OR 2.78; 95% CI: 2.44-3.16). Liver transplant
patients diagnosed with CDI had a higher risk of shock, acute kidney injury (AKI), ICU
hospitalization and organ failure compared to non-CDI patients [37]. In a retrospective
analysis of 192 liver transplant patients, Sullivan et al. found that patients with a higher
Model for End-Stage Liver Disease (MELD score) before liver transplantation had a higher
risk of developing CDI (mean, 24.4 vs. 19.8; p = 0.04). Moreover, CDI was more common
in patients with nonalcoholic steatohepatitis (18% vs. 5%, p = 0.031) and coinfection with
hepatitis C virus and human immunodeficiency virus (11% vs. 1%, p = 0.021). Additionally,
in a multivariate analysis, receiving an organ from a living donor and a MELD score of
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20 or more was associated with a significantly higher CDI risk (HR 3.769, p = 0.0058 and
HR 2.897, p = 0.010, respectively) [38].

4. Kidney Transplantation

In patients with chronic kidney disease, significant changes in the intestinal micro-
biota have been observed, including increasing the number of Firmicutes, Actinobacteria
and Proteobacteria and reducing the number of Bifidobacteria and Lactobacillus. The most
common causes of dysbiosis in patients with chronic kidney disease are low-dietary-fiber
supply, slow down in the passage of the intestinal tract and excessive multiplication of
bacteria in the intestinal lumen. Due to the increased concentration of urea, uric acid and
hydrogen ions in the plasma, these substances are also secreted in greater amounts into the
lumen of the gastrointestinal tract, which creates environmental conditions favorable for
the multiplication of pathogenic bacteria [39]. According to frequent antibiotic exposure
and frequent hospitalizations, impaired immune system, older age of the patients and
the above-mentioned causes of dysbiosis, patients with CKD are especially vulnerable to
CDI development [40]. In a meta-analysis of 20 case-control, cohort and cross-sectional
studies by Phatharacharukul et al., the risk of CDI in CKD patients was higher than in the
general population (RR 2.63, 95% CI: 2.04-3.38) [41]. Keddis et al., based on data from the
US National Hospital Discharge Survey of 162 million patients, discharged from hospital
in 2005-2009, found CDI in patients with CKD with a frequency of 1.49% compared with
0.70% in patients without CKD [42]. The incidence of CDI in these patients also increases
with renal function deterioration and reaches: 2.46% in CKD stages 1 and 2, 21.2% in
CKD stages 3 to 5 and 43.5% in CKD stage 5 on renal replacement therapy [42]. After
kidney transplantation, disturbances in the composition of the gut microbiota have also
been observed [43]. In kidney transplanted patients, it has been found that immunosup-
pressants significantly change the composition of the intestinal microbiome. One of the
underlying mechanisms is diarrhea caused by mycophenolate mofetil. In patients treated
with mycophenolate mofetil, the histopathological findings of intestinal mucosa biopsy
showed, among others: crypt cell apoptosis, atrophy of the crypt, crypt abscesses with
eosinophil infiltrates, focal cryptitis, ulcerations and erosions. These changes can lead to
colitis and chronic diarrhea and, as a consequence, disturbances in the composition of the
intestinal microbiota. Other causes of diarrhea in kidney transplant recipients may be due
to systemic infections occurring in transplant recipients, such as cytomegalovirus (CMV)
infection, and due to post-transplant inflammatory bowel disease (IBD), caused by dysreg-
ulation of the intestinal immune system through the use of immunosuppressive drugs. In a
three-month follow-up study of 71 kidney transplant patients, Lee et al. found a reduction
in microbiome diversity in patients with diarrhea compared to the group without diarrhea
(Shannon diversity index 2.4 vs. 3.1, p = 3 x 1077, Wilcoxon rank-sum test). The results
of the above study might suggest the role of dysbiosis in the pathogenesis of diarrhea in
these patients [43]. Swarte et al. analyzed the gut microbiome using 165 rRNA sequencing,
finding a reduced diversity of the microbiome in patients after kidney transplantation com-
pared to the controls (Shannon diversity index, 3.4 vs. 3.7, p < 0.001). The most diminished
heterogeneity in the renal transplant patients was in subjects receiving mycophenolate
mofetil (p < 0.01). Moreover, in patients after kidney transplantation, an increased number
of Proteobacteria and a decreased presence of Actinobacteria and butyrate-producing bacteria
was found [44].

5. Lung Transplantation

Infection is one of the most important complications after lung transplantation. It is
the most common cause of death in lung recipients in the first 12 months after transplanta-
tion. The risk factors of infection in these patients are: constant contact with the external
environment and pathogens, weakened cough reflex and abnormal mucociliary clearance
and, as a result, the persistence of potentially pathogenic microorganisms in the respi-
ratory tract caused by graft denervation, and the use high doses of immunosuppressive
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drugs. To minimize the risk of infection, antibiotic prophylaxis is used. The most fre-
quently used antibiotics are the first- and second-generation cephalosporins. Unfortunately,
long-term antibiotic therapy and the use of the above-mentioned antibiotics promote CDI
development [45,46]. In a retrospective analysis of 500 patients after lung transplantation,
Whiddon et al. found CDI in 6% compared to 1-2% of the general population [47]. In
another retrospective analysis, by Lee et al., of 388 patients, 89 recipients (22.9%) devel-
oped CDI, of which 27 recipients (7.0%) were hospitalized directly after transplantation.
One of the CDI risk factors in these subjects was the length of stay in the hospital in the
postoperative period (HR 1.02; 95% CI: 1.01-1.03). In lung transplant recipients who devel-
oped CD], the risk of death was higher (HR 1.61; 95% CI: 1.02-2.52), especially when CDI
occurred in the first 6 months after transplantation (HR 1.96; 95% CI: 1.14-3.36) [48]. In a
prospective multicenter study by Dubberke et al., in 229 patients, the CDI incidence among
lung transplant recipients was 13.1% 1 year after transplantation. There was no significant
difference in mortality between CDI cases and controls during the early period after lung
transplantation (p = 0.52), but mortality was significantly higher among CDI cases during
the late period after lung transplantation (HR = 1.80 [95% CI: 1.2-2.8]; p = 0.007) compared
to controls [49]. Bajrovic et al., in a single-center, retrospective cohort study in a group of
636 patients after lung transplantation, observed a statistically significant 86% reduction in
CDI incidence in the vancomycin prophylaxis group (rate ratio 0.14; 95% CI: 0.0068-0.73;
p = 0.01). Prophylaxis with vancomycin at a dose of 125 mg twice daily by the oral route
was started on day 6 after transplantation and continued for 10 days [50].

6. Heart Transplantation

In patients after a heart transplantation, the highest incidence of CDI occurs approx-
imately 1 month after transplantation [51]. One of the CDI risk factors in these patients
is severe hypogammaglobulinemia. In heart recipients, hypogammaglobulinemia is an
independent CDI risk factor (RR 5.8; 95% CI: 1.05 to 32.1; p = 0.04). In a study involving
235 heart transplant patients, Mufioz et al. found CDI in 14.9%. The incidence of CDI
significantly decreased upon treatment with immunoglobulin, from 29 to 6 cases (20.6%
vs. 6.4%, p = 0.003). Therefore, this information may suggest that the immunoglobulin
plasma concentration should be measured in the case of CDI or recurrence of this disease in
patients after heart transplantation. In the case of hypogammaglobulinemia, intravenous
immunoglobulin therapy should be used [52]. In a meta-analysis of data from 30 clinical
trials carried out by Paudel et al., the incidence of CDI after heart transplantation was
5.2% [13]. In a retrospective study of 246 heart transplant patients and 8 heart and lung
transplant patients, by Bruminhent et al., the incidence of CDI was 8.7%. In heart trans-
planted patients, CDI was also found as an independent risk factor for mortality (HR 7.66;
95% CI: 3.41-17.21, p < 0.0001) [53].

7. Hematopoietic Stem Cell Transplantation

Clostridioides difficile infection is the leading cause of infectious diarrhea in allogeneic
hematopoietic stem cell (HSCT) transplant recipients. After allogeneic HSCT, patients seem
to be one of the most vulnerable populations, with CDI rates exceeding even about 25%
within 100 days after HSCT [54]. Dysbiosis caused by cytotoxic chemotherapy, immuno-
suppression and antimicrobial exposure is likely to increase the risk of developing CDI in
recipients of allo-HSCT compared to the general hospitalized population. Other risk factors
in these patients are: older age, prolonged hospitalization, immunosuppressive treatment
and low plasma concentration of protective antibodies due to myeloablative conditioning
or unreconstructed immunity after HSCT [55]. In addition to the increased risk of CDI, dys-
biosis in these patients may also affect the development of acute graft-versus-host disease
(aGVHD). The mechanism of the aGVHD is a complex process that may be initiated by
damage to the gastrointestinal mucosa by conditioning chemotherapy or radiotherapy. This
can lead to pro-inflammatory cytokine secretion by damaged tissues, activation of antigen-
presenting cells, proliferation and induction of cell mediators, such as different cytokines or
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TNEF-c, and further tissue damage. Gastrointestinal dysbiosis can also trigger the activation
of host antigen-presenting cells, leading to immune dysregulation and the development
of aGVHD [56]. In a retrospective cohort study of 656 recipients undergoing allo-HSCT,
Jabr et al. showed that 419 (64%) developed aGVHD and 111 (17%) were diagnosed with
CDI within the first 100 days after transplantation. It was also found that the occurrence
of CDI was significantly associated with the development of aGVHD (HR 1.52; 95% CI:
1.17 to 1.97; p = 0.0018) [57]. In another retrospective analysis, Rosignoli et al. analyzed
CDI incidence between the start of conditioning and 100 days after HSCT in a group of
481 patients who underwent autologous (220 patients) or allogeneic HSCT (261 patients).
CDI incidence was 5.4%, without significant difference between the two types of HSCT [58].
Amberge et al., in a group of 727 patients with acute myeloid leukemia or myelodysplastic
syndrome who underwent alloHCT, found CDI in 13% of cases and 14% of patients were
identified as asymptomatic carriers of Clostridioides difficile. In addition, patients with CDI
had a shorter median overall survival of 8 months compared with 25 months in patients
without CDI (HR 1.4, p = 0.04) [59].

8. Conclusions

As seen in the above review, SOT patients and patients after HSCT are particularly
at risk of developing CDI. It is associated with risk factors specific to these groups, such
as immunosuppressive therapy, and the increased frequency of antibiotic treatment and
hospitalization. The diagnostic procedures for CDI in SOT patients are similar to in the
general population and based on the current guidelines published by the Infectious Diseases
Society of America (IDSA) and the Society for Healthcare Epidemiology of America (SHEA)
in 2017 [14]. In addition, the treatment of CDI in this group of patients does not differ
from the general population, which was specified in the above-mentioned guidelines and
discussed in the above article. SOT patients and patients after HSCT are more likely to
develop relapses and severe forms of CDI, so it is also essential to prevent this infection.
Non-specific prophylaxis is recommended to limit the transmission of infection, such as:
the use of contact precautions, such as disposable gloves and apron, frequent handwashing
with soap and water, environmental disinfection and patient isolation if CDI is found. An
important element of prophylaxis may also be the use of some probiotic strains (for example
lactobacillus plantarum 299v) during and after antibiotic therapy to reduce the occurrence of
dysbiosis, which is one of the risk factors for CDI. Other CDI preventive measures, such as
bezlotoxumab, prophylactic vancomycin or immunoglobulin supplementation, may also
be valuable. CDI in SOT patients and patients after hematopoietic stem cell transplantation
may lead to a deterioration in the function of the transplanted organ or complete loss of
its function, which is why it is so important to minimize the risk factors for this infection.
A summary of the most important information for each transplantation type is shown
in Table 1.

Table 1. Summary of the most important information concerning CDI in patients after solid-organ
transplantation and hematopoietic stem cell transplantation.

Transplanted Organ Summary of the Most Important Information

incidence of CDI is 9.1% [13]
patients with higher MELD scores before liver transplantation had a
higher risk of CDI (mean, 24.4 vs. 19.8; p = 0.04) [38]

e  CDI was more common in patients with nonalcoholic steatohepatitis
18% vs. 5%, p = 0.031) and coinfection with hepatitis C virus and
human immunodeficiency virus (11% vs. 1%, p = 0.021) [38]

Liver
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Table 1. Cont.

Transplanted Organ Summary of the Most Important Information

incidence of CDI is 4.7% [13]

disturbances in the composition of the intestinal microbiota-reduced
Kidney diversity of the microbiome in patients after kidney transplantation

compared to the controls (Shannon diversity index, 3.4 vs. 3.7,

p <0.001) [44]

incidence of CDI is 10.8% [13]

patients with CDI have a higher risk of death (HR 1.61; 95% CI:
1.02-2.52), mainly when CDI occurs in the first 6 months after
transplantation (HR 1.96; 95% CI: 1.14-3.36) [48]

Lung(s)

incidence of CDI is 5.2% [13]
highest incidence of CDI occurs approximately 1 month after
Heart transplantation [51]
e  one of the CDI risk factors in these patients is severe
hypogammaglobulinemia [49]

° most vulnerable populations, with CDI rates exceeding even about
25% within 100 days after hematopoietic stem cell transplantation [54]

e  patients with CDI had a shorter median overall survival of 8 months
compared with 25 months in patients without CDI (HR 1.4,
p =0.04) [59]

e  dysbiosis in these patients may affect the development of acute
graft-versus-host disease (aGVHD) [56]

Hematopoietic
stem cell

Author Contributions: Conception and design of the work: S.D.-G., AW. and M.A.; writing—
original draft preparation: S.D.-G. and M.A. writing—review and editing: A.W. and M.A. Supervision:
A.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: Marcin Adamczak received a lecturer fee from Sanprobi. The other authors
declare no conflict of interest.

References

1.  Lynch, S.V,; Pedersen, O. The human intestinal microbiome in health and disease. N. Engl. ]. Med. 2016, 375, 2369-2379. [CrossRef]
[PubMed]

2. Lin, D,; Hu, B; Li, P; Zhao, Y.; Xu, Y.; Wu, D. Roles of the intestinal microbiota and microbial metabolites in acute GVHD. Exp.
Hematol. Oncol. 2021, 10, 49. [CrossRef]

3. Mohajeri, M.H.; Brummer, R.J.M.; Rastall, R.A.; Weersma, R.K.; Harmsen, H.].M.; Faas, M.; Eggersdorfer, M. The role of the
microbiome for human health: From basic science to clinical applications. Eur. . Nutr. 2018, 57 (Suppl. S1), 1-14. [CrossRef]
[PubMed]

4. Weiss, G.A.; Hennetl, T. Mechanisms and consequences of intestinal dysbiosis. Cell. Mol. Life Sci. 2017, 74, 2959-2977. [CrossRef]
[PubMed]

5. Arassi, M.B,; Zeller, G.; Karcher, N.; Zimmermann, M.; Toenshoff, B. The gut microbiome in solid organ transplantation. Pediatric
Transpl. 2020, 24, €13866.

6.  Rosselli, R.; Romoli, O.; Vitulo, N.; Vezzi, A.; Campanaro, S.; de Pascale, F; Schiavon, R.; Tiarca, M.; Poletto, F.; Concheri, G.; et al.
Direct 16S rRNA-seq from bacterial communities: A PCR-independent approach to simultaneously assess microbial diversity and
functional activity potential of each taxon. Sci. Rep. 2016, 6, 32165. [CrossRef]

7.  Nagy, E. What do we know about the diagnostics, treatment and epidemiology of Clostridioides (Clostridium) difficile infection in

Europe? |. Infect. Chemother. 2018, 24, 164-170. [CrossRef]


http://doi.org/10.1056/NEJMra1600266
http://www.ncbi.nlm.nih.gov/pubmed/27974040
http://doi.org/10.1186/s40164-021-00240-3
http://doi.org/10.1007/s00394-018-1703-4
http://www.ncbi.nlm.nih.gov/pubmed/29748817
http://doi.org/10.1007/s00018-017-2509-x
http://www.ncbi.nlm.nih.gov/pubmed/28352996
http://doi.org/10.1038/srep32165
http://doi.org/10.1016/j.jiac.2017.12.003

J. Clin. Med. 2022, 11, 4365 110f13

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kwon, ].H; Olsen, M.A.; Dubberke, E.R. The morbidity, mortality, and costs associated with Clostridium difficile infection. Infect.
Dis Clin. North Am. 2015, 29, 123-134. [CrossRef]

Sadkowska-Todys, M.; Zieliriski, A.; Czarkowski, M.P. Infectious diseases in Poland in 2015. Przeglad Epidemiol. 2017, 71, 295-309.
Revolinski, S.L.; Munoz-Price, L.S. Clostridium difficile in immunocompromised hosts: A review of epidemiology, risk factors,
treatment, and prevention. Clin. Infect. Dis. 2019, 68, 2144-2153. [CrossRef] [PubMed]

Crobach, M.J.T.; Vernon, ].J.; Loo, V.G.; Kong, L.Y.; Péchiné, S.; Wilcox, M.H.; Kuijper, E.]. Understanding Clostridium difficile
colonization. Clin. Microbiol. Rev. 2018, 31, 1094. [CrossRef] [PubMed]

Guery, B.; Galperine, T.; Barbut, F. Clostridioides difficile: Diagnosis and treatments. BMJ 2019, 366, 14609. [CrossRef]

Paudel, S.; Zacharioudakis, I.M.; Zervou, EN.; Ziakas, P.D.; Mylonakis, E. Prevalence of Clostridium difficile infection among solid
organ transplant recipients: A meta-analysis of published studies. PLoS ONE 2015, 10, €0124483. [CrossRef] [PubMed]
McDonald, L.; Gerding, D.; Johnson, S.; Bakken, J.S.; Carroll, K.C.; Coffin, S.E.; Dubberke, E.R.; Garey, KW.; Gould, C.V,; Kelly,
C.; et al. Clinical practice guidelines for C. 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, 66, e1—e48. [CrossRef]
[PubMed]

Oughton, M.T,; Loo, V.G.; Dendukuri, N.; Fenn, S.; Libman, M.D. Hand hygiene with soap and water is superior to alcohol rub
and antiseptic wipes for removal of Clostridium difficile. Infect. Control Hosp. Epidemiol. 2009, 30, 939-944. [CrossRef] [PubMed]
Anderson, D.J.; Chen, L.E; Weber, D.]J.; Moehring, RW.; Lewis, S.S.; Triplett, P.E; Blocker, M.; Becherer, P.; Schwab, J.C.; Knelson,
L.P; et al. Enhanced terminal room disinfection and acquisition and infection caused by multidrug-resistant organisms and
Clostridium difficile (the Benefits of Enhanced Terminal Room Disinfection study): A cluster-randomised, multicentre, crossover
study. Lancet 2017, 389, 805-814. [CrossRef]

Dudzicz, S.; Kujawa-Szewieczek, A.; Kwiecieri, K.; Wiecek, A.; Adamczak, M. Lactobacillus plantarum 299v reduces the incidence of
Clostridium difficile infection in nephrology and transplantation ward-results of one year extended study. Nutrients 2018, 10, 1574.
[CrossRef]

Grat, M.; Wronka, K.M.; Lewandowski, Z.; Grat, K.; Krasnodebski, M.; Styputkowski, J.; Holéwko, W.; Masior, L.; Kosiriska,
I.; Wasilewicz, M.; et al. Effects of continuous use of probiotics before liver transplantation: A randomized, double-blind,
placebo-controlled trial. Clin. Nutr. 2017, 36, 1530-1539. [CrossRef]

Rayes, N.; Seehofer, D.; Hansen, S.; Boucsein, K.; Miiller, A.R.; Serke, S.; Bengmark, S.; Neuhaus, P. Early enteral supply of
Lactobacillus and fiber versus selective bowel decontamination: A controlled trial in liver transplant recipients. Transplantation
2002, 74, 123-127. [CrossRef]

Tarig, R.; Singh, S.; Gupta, A.; Pardi, D.S.; Khanna, S. Association of gastric acid suppression with recurrent Clostridium difficile
infection: A systematic review and meta-analysis. JAMA Intern. Med. 2017, 177, 784-791. [CrossRef]

Cao, F; Chen, C.X.; Wang, M,; Liao, H.R.; Wang, M.X; Hua, S.Z.; Huang, B.; Xiong, Y.; Zhang, ].Y.; Xu, Y.L. Updated meta-analysis
of controlled observational studies: Proton-pump inhibitors and risk of Clostridium difficile infection. J. Hosp. Infect. 2018, 98, 4-13.
[CrossRef]

van Prehn, J.; Reigadas, E.; Vogelzang, E.H.; Bouza, E.; Hristea, A.; Guery, B.; Krutova, M.; Norén, T.; Allerberger, F.; Coia,
J.E.; et al. 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, 27 (Suppl. S2), S1-S21. [CrossRef]

Louie, T.J.; Miller, M.A.; Mullane, K.M.; Weiss, K.; Lentnek, A.; Golan, Y.; Gorbach, S.; Sears, P.; Shue, Y.-K.; OPT-80-003 Clinical
Study Group. Fidaxomicin versus vancomycin for Clostridium difficile infection. N. Engl. ]. Med. 2011, 364, 422-431. [CrossRef]
[PubMed]

Al Momani, L.A.; Abughanimeh, O.; Boonpheng, B.; Gabriel, ].G.; Young, M. Fidaxomicin vs. vancomyecin for the treatment of a
first episode of Clostridium difficile infection: A meta-analysis and systematic review. Cureus 2018, 10, e2778. [CrossRef] [PubMed]
Friedman-Moraco, R.J.; Mehta, A K.; Lyon, G.M.; Kraft, C.S. Fecal microbiota transplantation for refractory Clostridium difficile
colitis in solid organ transplant recipients. Am. |. Transpl. 2014, 14, 477-480. [CrossRef] [PubMed]

Lin, S.C.; Alonso, C.D.; Moss, A.C. Fecal microbiota transplantation for recurrent Clostridium difficile infection in patients with
solid organ transplants: An institutional experience and review of the literature. Transpl. Infect. Dis. 2018, 20, €12967. [CrossRef]
Webb, B.J.; Brunner, A.; Ford, C.D.; Gazdik, M.A.; Petersen, EB.; Hoda, D. Fecal microbiota transplantation for recurrent
Clostridium difficile infection in hematopoietic stem cell transplant recipients. Transpl. Infect. Dis. 2016, 18, 628-633. [CrossRef]
[PubMed]

Markham, A. Bezlotoxumab-First global approval. Drugs 2016, 76, 1793-1798. [CrossRef]

Gerding, D.N.; Kelly, C.P.; Rahav, G.; Lee, C.; Dubberke, E.R.; Kumar, PN.; Yacyshyn, B.; Kao, D.; Eves, K,; Ellison, M.C; et al.
Bezlotoxumab for prevention of recurrent Clostridium difficile infection in patients at increased risk for recurrence. Clin. Infect. Dis.
2018, 67, 649-656. [CrossRef]

Kerr, J.; Law, N.; Aslam, S. Bezlotoxumab for prevention of recurrent Clostridium difficile infection in solid organ transplant
recipients at an academic medical center. Am. . Transpl. 2019, 19, 305-317.

Feuerstadt, P.; Louie, T.].; Lashner, B. SER-109, an oral microbiome therapy for recurrent Clostridioides difficile infection. N. Engl. |.
Med. 2022, 386, 220-229. [CrossRef] [PubMed]

Vanja, D.; Girault, G.; Branger, C.; Rufat, P; Valla, D.-C.; Fantin, B. Risk factors for Clostridium difficile infection in a hepatology
ward. Infect. Control Hosp. Epidemiol. 2007, 28, 202-204. [CrossRef]


http://doi.org/10.1016/j.idc.2014.11.003
http://doi.org/10.1093/cid/ciy845
http://www.ncbi.nlm.nih.gov/pubmed/30281082
http://doi.org/10.1128/CMR.00021-17
http://www.ncbi.nlm.nih.gov/pubmed/29540433
http://doi.org/10.1136/bmj.l4609
http://doi.org/10.1371/journal.pone.0124483
http://www.ncbi.nlm.nih.gov/pubmed/25886133
http://doi.org/10.1093/cid/cix1085
http://www.ncbi.nlm.nih.gov/pubmed/29462280
http://doi.org/10.1086/605322
http://www.ncbi.nlm.nih.gov/pubmed/19715426
http://doi.org/10.1016/S0140-6736(16)31588-4
http://doi.org/10.3390/nu10111574
http://doi.org/10.1016/j.clnu.2017.04.021
http://doi.org/10.1097/00007890-200207150-00021
http://doi.org/10.1001/jamainternmed.2017.0212
http://doi.org/10.1016/j.jhin.2017.08.017
http://doi.org/10.1016/j.cmi.2021.09.038
http://doi.org/10.1056/NEJMoa0910812
http://www.ncbi.nlm.nih.gov/pubmed/21288078
http://doi.org/10.7759/cureus.2778
http://www.ncbi.nlm.nih.gov/pubmed/30112254
http://doi.org/10.1111/ajt.12577
http://www.ncbi.nlm.nih.gov/pubmed/24433460
http://doi.org/10.1111/tid.12967
http://doi.org/10.1111/tid.12550
http://www.ncbi.nlm.nih.gov/pubmed/27214585
http://doi.org/10.1007/s40265-016-0673-1
http://doi.org/10.1093/cid/ciy171
http://doi.org/10.1056/NEJMoa2106516
http://www.ncbi.nlm.nih.gov/pubmed/35045228
http://doi.org/10.1086/511790

J. Clin. Med. 2022, 11, 4365 12 0f13

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Borzio, M.; Salerno, F.; Piantoni, L.; Cazzaniga, M.; Angeli, P; Bissoli, F.; Boccia, S.; Colloredo-Mels, G.; Corigliano, P.; Fornaciari,
G.; et al. Bacterial infection in patients with advanced cirrhosis: A multicentre prospective study. Dig. Liver Dis. 2001, 33, 41-48.
[CrossRef]

Chen, Y.; Ji, F.; Guo, J. Dysbiosis of small intestinal microbiota in liver cirrhosis and its association with etiology. Sci. Rep. 2016,
6, 34055. [CrossRef]

Bajaj, J.S.; Fagan, A.; Sikaroodi, M.; White, M.B,; Sterling, R.K,; Gilles, H.; Heuman, D.; Stravitz, R.T.; Matherly, S.C.; Siddiqui,
M.S,; et al. Liver transplant modulates gut microbial dysbiosis and cognitive function in cirrhosis. Liver Transpl. 2017, 23, 907-914.
[CrossRef] [PubMed]

Bajaj, J.S.; Kakiyama, G.; Cox, 1].; Nittono, H.; Takei, H.; White, M.; Fagan, A.; Gavis, E.A.; Heuman, D.M.; Gilles, H.C.; et al.
Alterations in gut microbial function following liver transplant. Liver Transpl. 2018, 24, 752-761. [CrossRef] [PubMed]
Wijarnpreecha, K.; Aby, E.S.; Kim, D.; Ungprasert, P.; Cheungpasitporn, W.; Thongprayoon, C.; Likens, EJ.; Harnois, D.M.; Kroner,
P.T. The burden of Clostridioides difficile infection in patients with history of liver transplant and during index admission. Eur. J.
Gastroenterol. Hepatol. 2021, 33, 894-898. [CrossRef]

Sullivan, T.; Weinberg, A.; Rana, M.; Patel, G.; Huprikar, S. The epidemiology and clinical features of Clostridium difficile infection
in liver transplant recipients. Transplantation 2016, 100, 1939-1943. [CrossRef]

Vaziri, N.D.; Wong, J.; Pahl, M.; Piceno, Y.M.; Yuan, J.; DeSantis, T.Z.; Ni, Z.; Nguyen, T.-H.; Andersen, G.L. Chronic kidney
disease alters intestinal microbial flora. Kidney Int. 2013, 83, 308-315. [CrossRef]

Ramesh, M.S.; Yee, J. Clostridioides difficile infection in chronic kidney disease/end-stage renal disease. Adv. Chronic Kidney Dis.
2019, 26, 30-34. [CrossRef]

Phatharacharukul, P.; Thongprayoon, C.; Cheungpasitporn, W.; Edmonds, P.J.; Mahaparn, P.; Bruminhent, J. The risks of
incident and recurrent Clostridium difficile-associated diarrhea in chronic kidney disease and end-stage kidney disease patients: A
systematic review and meta-analysis. Dig. Dis. Sci. 2015, 60, 2913-2922. [CrossRef] [PubMed]

Keddis, M.T.; Khanna, S.; Noheria, A.; Baddour, L.M.; Pardi, D.S.; Qian, Q. Clostridium difficile infection in patients with chronic
kidney disease. Mayo Clin. Proc. 2012, 87, 1046-1053. [CrossRef] [PubMed]

Lee, J.R.; Magruder, M.; Zhang, L.; Westblade, L.F,; Satlin, M.].; Robertson, A.; Edusei, E.; Crawford, C.; Ling, L.; Taur, Y.; et al.
Gut microbiota dysbiosis and diarrhea in kidney transplant recipients. Am. J. Transpl. 2019, 19, 488-500. [CrossRef]

Swarte, ].C.; Douwes, RM.; Hu, S.; Vila, A.V,; Eisenga, M.E,; van Londen, M.; Gomes-Neto, A.W.; Weersma, R K.; Harmsen,
H.J.M.; Bakker, S.J.L. Characteristics and dysbiosis of the gut microbiome in renal transplant recipients. . Clin. Med. 2020, 9, 386.
[CrossRef] [PubMed]

Fishman, J.A. Infection in solid-organ transplant recipients. N. Engl. J. Med. 2007, 357, 2601. [CrossRef] [PubMed]

Speich, R.; Van Der Bij, W. Epidemiology and management of infections after lung transplantation. Clin. Infect. Dis. 2001,
33 (Suppl. S1), S58. [CrossRef]

Whiddon, A.R.; Dawson, K.L.; Fuentes, A.; Perez, K.K.; Peterson, L.; Kaleekal, T. Postoperative antimicrobials after lung
transplantation and the development of multidrug-resistant bacterial and Clostridium difficile infections: An analysis of 500 non-
cystic fibrosis lung transplant patients. Clin. Transpl. 2016, 30, 767-773. [CrossRef]

Lee, ].T,; Kelly, R.F,; Hertz, ML.L; Dunitz, ].M.; Shumway, S.J. Clostridium difficile infection increases mortality risk in lung transplant
recipients. J. Heart Lung Transpl. 2013, 32, 1020-1026. [CrossRef]

Dubberke, E.R.; Reske, K. A ; Olsen, M.A.; Bommarito, K.; Clevelnd, A.A.; Silveira, EP.,; Schuster, M.G.; Kauffman, C.A.; Avery,
R.K; Pappas, P.G; et al. Epidemiology and outcomes of Clostridium difficile infection in allogeneic hematopoietic cell and lung
transplant recipients. Transpl. Infect. Dis. 2018, 20, e12855. [CrossRef]

Bajrovic, V.; Budev, M.; McCurry, K.R.; Brizendine, K.D. Vancomycin prophylaxis for Clostridium difficile infection among lung
transplant recipients. J. Heart Lung Transpl. 2019, 38, 874-876. [CrossRef]

Nanayakkara, D.; Nanda, N. Clostridium difficile infection in solid organ transplant recipients. Curr. Opin. Organ Transpl. 2017, 22,
314-319. [CrossRef] [PubMed]

Munoz, P; Giannella, M.; Alcala, L.; Sarmiento, E.; Yafiez, ].F; Palomo, J.; Catalan, P.; Carbone, ].; Bouza, E. Clostridium difficile-
associated diarrhea in heart transplant recipients: Is hypogammaglobulinemia the answer? . Heart Lung Transpl. 2007, 26, 907-914.
[CrossRef] [PubMed]

Bruminhent, J.; Cawcutt, K.A.; Thongprayoon, C.; Petterson, T.M.; Kremers, W.K.; Razonable, R.R. Epidemiology, risk factors and
outcome of Clostridium difficile infection in heart and heart-lung transplant recipients. Clin. Transpl. 2017, 31, €12968. [CrossRef]
[PubMed]

Bruminhent, J.; Wang, Z.; Hu, C. Clostridium difficile colonization and disease in patients undergoing hematopoietic stem cell
transplantation. Biol. Blood Marrow Transpl. 2014, 20, 1329-1334. [CrossRef] [PubMed]

Misch, E.A.; Safdar, N. Clostridioides difficile infection in the stem cell transplant and hematologic malignancy population. Infect.
Dis. Clin. North Am. 2019, 33, 447-466. [CrossRef]

Harris, A.C.; Young, R.; Devine, S.; Hogan, W.J.; Ayuk, F,; Bunworasate, U.; Chanswangphuwana, C.; Efebera, Y.A.; Holler, E.;
Litzow, M.; et al. International, multicenter standardization of acute graft-versus-host disease clinical data collection: A report
from the Mount Sinai Acute GVHD International Consortium. Biol. Blood Marrow Transpl. 2016, 22, 4-10. [CrossRef]

Jabr, R.; El Atrouni, W.; Shune, L. Clostridioides difficile infection and risk of acute graft-versus-host disease among allogeneic
hematopoietic stem cell transplantation recipients. Transpl. Cell. Ther. 2021, 27, 176.e1-176.€8. [CrossRef]


http://doi.org/10.1016/S1590-8658(01)80134-1
http://doi.org/10.1038/srep34055
http://doi.org/10.1002/lt.24754
http://www.ncbi.nlm.nih.gov/pubmed/28240840
http://doi.org/10.1002/lt.25046
http://www.ncbi.nlm.nih.gov/pubmed/29500907
http://doi.org/10.1097/MEG.0000000000001812
http://doi.org/10.1097/TP.0000000000001309
http://doi.org/10.1038/ki.2012.345
http://doi.org/10.1053/j.ackd.2019.01.001
http://doi.org/10.1007/s10620-015-3714-9
http://www.ncbi.nlm.nih.gov/pubmed/25986528
http://doi.org/10.1016/j.mayocp.2012.05.025
http://www.ncbi.nlm.nih.gov/pubmed/23127731
http://doi.org/10.1111/ajt.14974
http://doi.org/10.3390/jcm9020386
http://www.ncbi.nlm.nih.gov/pubmed/32024079
http://doi.org/10.1056/NEJMra064928
http://www.ncbi.nlm.nih.gov/pubmed/18094380
http://doi.org/10.1086/320906
http://doi.org/10.1111/ctr.12746
http://doi.org/10.1016/j.healun.2013.06.012
http://doi.org/10.1111/tid.12855
http://doi.org/10.1016/j.healun.2019.05.011
http://doi.org/10.1097/MOT.0000000000000430
http://www.ncbi.nlm.nih.gov/pubmed/28542111
http://doi.org/10.1016/j.healun.2007.07.010
http://www.ncbi.nlm.nih.gov/pubmed/17845929
http://doi.org/10.1111/ctr.12968
http://www.ncbi.nlm.nih.gov/pubmed/28314071
http://doi.org/10.1016/j.bbmt.2014.04.026
http://www.ncbi.nlm.nih.gov/pubmed/24792871
http://doi.org/10.1016/j.idc.2019.02.010
http://doi.org/10.1016/j.bbmt.2015.09.001
http://doi.org/10.1016/j.jtct.2020.10.009

J. Clin. Med. 2022, 11, 4365 13 0f 13

58. Rosignoli, C.; Petruzzellis, G.; Radici, V. Risk factors and outcome of C. difficile infection after hematopoietic stem cell transplanta-
tion. J. Clin. Med. 2020, 9, 3673. [CrossRef]

59. Amberge, S.; Kramer, M.; Schrottner, P.; Heidrich, K.; Schmelz, R.; Middeke, ].M.; Gunzer, E; Hampe, ].; Schetelig, J.; Bornhduser,
M.; etal. Clostridium diffcile infections in patients with AML or MDS undergoing allogeneic hematopoietic stem cell transplantation
identify high risk for adverse outcome. Bone Marrow Transpl. 2020, 55, 367-375. [CrossRef]


http://doi.org/10.3390/jcm9113673
http://doi.org/10.1038/s41409-019-0678-y

	Methodology 
	Microbiota 
	Clostridioides difficile Infection 
	Clostridioides difficile Infection in Patients after Organ Transplantation 
	Clostridioides difficile Infection Diagnosis 
	Prophylaxis of Clostridioides difficile Infection 
	Treatment of Clostridioides difficile Infection 


	Liver Transplantation 
	Kidney Transplantation 
	Lung Transplantation 
	Heart Transplantation 
	Hematopoietic Stem Cell Transplantation 
	Conclusions 
	References

