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Abstract: As a frequent complication of inflammatory bowel disease (IBD), Clostridium difficile
infection (CDI) was confirmed to not only aggravate the symptoms of IBD but also result in
unexpected outcomes, including death. With the increasing prevalence rate of IBD and the
updating of CDI diagnosis, the incidence of CDI in IBD patients is also seen rising. Although

a detection method consisting of glutamate dehydrogenase immunoassay or nucleic acid
amplification test and then toxin A/B enzyme immunoassay was recommended and widely
adopted, the diagnosis of CDI in IBD is still a challenge because of the overlap between the
symptoms of CDI in IBD and CDI itself. Vancomycin and fidaxomicin are the first-line therapy
for CDI in IBD; however, the treatment has different effects due to the complexity of IBD
patients” conditions and the choice of different treatment schemes. Although the use of fecal
microbial transplantation is now in the ascendant for IBD management, the prospects are still
uncertain and the prevention and treatment of the recurrence of CDI in IBD remain a clinical
challenge. In this paper, the epidemiology, pathophysiology, clinical manifestation, prevention,

and therapy of CDI in IBD were summarized and presented.
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Introduction

Clostridium difficile belongs to gram-positive spore
anaerobic bacteria which is one of the most com-
mon causes of infectious diarrhea in hospitalized
patients.! It was first isolated from the feces of
breastfed infants in 1935.2 C. difficile infection
(CDI) was first reported as the cause of pseu-
domembranous enteritis in 1978.> Among the
general population, the major risk factors of CDI
infection include prolonged proton pump inhibi-
tors (PPI) and antibiotics, low immune, elderly,
multiple underlying diseases, hypoalbuminemia,
renal insufficiency, indwelling nasogastric tube,
and gastrointestinal operation.* Several studies
indicated that inflammatory bowel disease (IBD)
was an independent risk factor of CDI for adults
and children.> According to a meta-analysis that
involved 461 patients admitted for the IBD out-
break, 35 (7.6%) had CDI and 10 (2.2%) had
nontoxic C. difficile.® Studies even showed that
the risk of CDI was eight times higher in IBD

than in non-IBD patients, and the lifetime infec-
tion rate was found around 10%.7 However, com-
pared with the general population, the prevalence
of CDI in IBD was 3-6%, and the infection was
seen in younger patients [median 38.5years,
interquartile range (IQR) 30.0-63.7 years], and
mostly served as outpatient or community-
acquired infections.! This may be related to the
earlier use of immunosuppressants, antibiotics,
and steroids in IBD patients.*8 It should be noted
that suffering from IBD significantly increased
the risk of CDI, while CDI not only worsened
the symptoms of IBD but also resulted in adverse
outcomes, including escalation of therapy, treat-
ment failure, hospitalization, surgical procedures,
and increased mortality. Compared with non-
IBD controls, the incidence of CDI recurrence in
IBD patients was 4.5-fold higher and the inci-
dence of C. difficile carrier status was eight times
higher after initial anti-CDI therapy.” A 5-year
study of patients with IBD in the United Kingdom
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found that emergency colectomy was twice as fre-
quently performed in IBD patients with CDI as in
non-IBD patients.?10 Studies have shown that
CDI is not associated with the short-term risk of
colectomy but more than doubled the probability
of long-term colectomy.!! A retrospective study
reported that the mortality directly caused by
CDI was approximately 5%, and mortality associ-
ated with complications was 15-25%.7

Pathophysiology

Susceptibility factors for CDI in IBD include
biodiversity reduction and microbial dysfunc-
tion, immunosuppression and antimicrobial
therapy, frequent diarrhea, and malnutrition.12-14
C. difficile is ubiquitous in the natural environ-
ment and is transmitted through the fecal-oral
route. C. difficile spores can survive in the acidic
environment of the stomach and reach the intes-
tine. Under appropriate temperatures and the
environment of gut microbiota disorder as well as
rich primary bile acid, the growth of C. difficile is
not inhibited in the intestine and is expected to
convert to vegetative forms. The vegetative forms
contain a locus that includes regulatory genes,
pore protein genes, and TcdA and TcdB genes.
Toxin A and toxin B, which are encoded by TcdA
and TcdB genes, respectively, are the two main
virulence factors that can damage the actin
cytoskeleton and destroy the tight junction of the
intestinal epithelium, thereby causing fluid accu-
mulation, cell apoptosis, and death. Ultimately,
diarrhea occurs due to the disruption of colon
integrity.15-20 Thus, a good gut microbial environ-
ment is crucial for the prevention of CDI?> The
underlying colitis in IBD patients leads to
dysregulation of colonic flora and decreased
colonization resistance, which makes IBD an
independent risk factor for CDI.3 In IBD, the dys-
function of T cells and antigen-presenting cells
may reduce the body’s tolerance to microbial anti-
gens. Therefore, the risk of CDI is higher in
patients with severe IBD.1:2! Persistent distur-
bance of the intestinal microenvironment increases
the recurrence of CDI in patients with IBD.°

Risk factors

Individual features, such as age >65years, low
immune status, severe CDI, and BI/NAP1/027
infection, significantly increased the risk of recur-
rent Clostridium difficile infection (rCDI) and/or
CDI. It should be noted that, as the number of

risk factors increases, the risk of rCDI corre-
spondingly increases.??22¢ In univariate analysis,
the predictor of a CDI test in IBD was body mass
index <18.5 or >25.25 In addition, sexual dis-
tinction was also reported as a risk factor because
a higher prevalence of CDI was seen in females
than in males.2°

A meta-analysis performed by Balram ez al.!!
exhibited that the involvement of IBD in colon
disease is an important risk factor for CDI in
IBD. According to the National Hospital
Discharge Survey, the incidence of CDI in ulcer-
ative colitis (UC) patients was significantly higher
than that in Crohn’s disease (CD) patients.%27
The severity of symptoms of UC patients may be
a risk factor for CDI. In a prospective cohort
study of 319 UC patients, extensive colitis was
identified as a risk factor for CDI (or =2.52, 95%
CI: 1.03-6.17). Although there was no risk of C.
difficile colitis in patients with UC after colec-
tomy, CDI in patients with ileum bag reconstruc-
tion has been recognized in clinical practice. In a
prospective cohort study of 319 patients with
UC, a genetic risk model was established and
extensive colitis was found to be a risk factor for
CD1.26

In addition, in the meta-analysis performed by
Balram ez al.,!! it was confirmed that the recent
use of biological agents and antibiotics is an
important risk factor for CDI in IBD. A study
found that biotherapy with tumor necrosis factor-
alpha (TNF-a) inhibitor-based biotherapy dou-
bled the likelihood of CDI in patients with IBD.
In particular, infliximab was associated with
opportunistic bacterial infections, including
CDI.!! Stratified studies have shown that rCDI is
associated with infliximab but not with adali-
mumab or immunomodulators.18:28 Furthermore,
the use of antibiotics is thought to be a risk factor
for CDI and may cause changes in the composi-
tion of bile acid in feces. The increase in primary
bile acid and the reduction in secondary bile acid
contributed to CDI.?° In early univariate studies,
CDI may be increased with the administration of
hormones and immunosuppressive agents in
IBD.%30 The continued use of immunosuppres-
sive agents is an independent risk factor in patients
with CDI in IBD.° A retrospective cohort study of
999 patients with IBD (737 CD and 262 UC)
demonstrated a twofold increase in the risk of
CDI in IBD with continued immunosuppressive
therapy. In addition, a large retrospective cohort
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study of 10,662 patients admitted to IBD showed
an increase in the risk of CDI by more than three
times during the 90days following initiation of
corticosteroid treatment [relative risk (RR)=3.4;
95% CI: 1.9-6.1]. Similarly, in a large sample
cohort of IBD, treatment of glucocorticoids had a
threefold increase in the risk of CDI compared
with immunomodulators or biotherapy, irrespec-
tive of the dose and duration of therapy.31:32 A
retrospective study by Helene ez al. on CDI risk
factors in IBD showed that the recent use of non-
steroidal anti-inflammatory drugs (NSAIDs) was
a risk factor for CDI related to IBD. In a multi-
variate analysis, the independent risk factor for
CDI among IBD patients was the use of NSAID
during 2 months prior to admission (or 3.8, 95%
CI: 1.2-12.3, p=0.02). Furthermore, a number
of studies suggest that NSAIDs may also cause or
worsen IBD.?>

Clinical presentation

CDI in IBD with young onset has a long course of
disease and high mortality. The clinical features
of IBD patients with CDI are often atypical and
may be characterized by watery stools, bloody
stools, fever, leukocytosis, and even toxic colitis.
Furthermore, the incidence of extraintestinal
manifestations was higher, including arthritis,
osteoporosis, osteomalacia, gangrenous pyo-
derma, psoriatic arthritis, psoriasis, and chronic
pancreatitis.! But, the classic endoscopic manifes-
tation of pseudomembranous colitis is uncom-
mon, it is difficult to distinguish CDI with active
IBD. Currently, the guidelines recommend rou-
tine screening for CDI in IBD patients with wors-
ening diarrhea.

Diagnosis

Endoscopic manifestation of pseudomembranous
colitis is atypical.?®> An endoscopic examination of
93 hospitalized IBD patients with C. difficile
found that only 12 cases, with a percentage
around 13%, had endoscopic evidence of pseu-
domembranous.3435 As C. difficile colonization is
more prevalent in IBD patients, it is a challenge
to distinguish CDI in IBD from active IBD.
Therefore, CDI is mainly diagnosed by labora-
tory examinations.36-37

Nowadays, laboratory testing methods for the
diagnosis of CDI include glutamate dehydroge-
nase (GDH), nucleic acid amplification test

(NAAT), toxin A/B by enzyme immunoassay
(EIA), and toxigenic culture (TC). GDH is a
highly expressed metabolic enzyme. Normally,
GDH antigens in stool samples can be detected
directly by EIAs, but GDH cannot distinguish
whether the strain produces toxins or not.
Almost 20% of GDH-positive patients have neg-
ative virulence tests. The United States Food
and Drug Administration (FDA) approved the
first NAAT (CDI) in 2009. The DNA of C. dif-
ficile was amplified by polymerase chain reac-
tion. The toxin A gene encodes TcdA, and the
toxin B gene encodes TcdB. However, it is not
sufficiently specific to differentiate the active
infection due to the colonization of C. difficile
and the production of toxins. Therefore, CDI
can be over-diagnosed with NAAT because of
the existence of asymptomatic C. difficile.?® EIAs
are often used for detecting the virulence of
strain; however, it may lead to misdiagnose for
lack of high sensitivity.® The European Society
for Clinical Microbiology recommends a two-
step diagnostic method for detecting CDI in
patients with IBD, which is shown in Figure 1,
using either an immunoassay or NAAT, fol-
lowed by a highly specific toxin A/B EIA test.3°
Treatment should be considered only when the
patient has a positive toxin EIA result indicating
clinical CDI but not C. difficile colonization.38
TC involves the cultivation of C. difficile from
feces, and then testing of the isolated bacteria to
determine whether they are toxic or not.
Although TC has a sensitivity as high as 95% for
the detection of C. difficile, its practicality is
restricted by 3—5 days, thus is unsuitable for rou-
tine diagnosis.38:40

Management

It is recommended to discontinue the antibiotics
that cause CDI. The main therapeutic options
for CDI are drug therapy, fecal microbial trans-
plantation (FMT), and surgical treatment.
Vancomycin and fidaxomicin (FDX) are the first-
line therapies for CDI in patients with IBD, and
metronidazole is not recommended.® rCDI is
common in IBD patients. In the most severe
cases, only FMT can break the cycle of recur-
rence.? There is a significant increase in risk for
each recurrence. The second recurrence rate rose
to 40% after the first relapse, followed by more
than 60%. Up to 50% of IBD patients with CDI
require hospitalization, and 20% ultimately
require colon surgery.33
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Figure 1. The two-step approach for diagnosing CDI. EIA for GDH and toxin A/B.
CDI, Clostridium difficile infection; EIA, enzyme immunoassay; GDH, glutamate dehydrogenase; NAAT, nucleic acid

amplification test; TC, toxigenic culture.

Prevention and control of hospital infection
Effective isolation measures should be taken for
patients suspected of being infected with CDI to
prevent community transmission. Patients who
are suspected should be kept in independent
rooms with at least a dedicated commode. In case
of need, CDI patients should be grouped, instead
of with those who are colonized or infected with
other drug-resistant micro-organisms (such as
methicillin-resistant staphylococci). In addition,
it is recommended that the isolation should be
continued for at least 48h after the stool has
solidified.#! Gloves and other protective clothing
should be worn by medical personnel before com-
ing into contact with a CDI patient. Since alcohol
hand sanitizer does not work for C. difficile spores
while soap water hand washing has been con-
firmed the ability of to remove spores effectively
(and is the first sanitation measure to prevent
CDI transmission), each person who comes into
contact with the patient should use soapy water to
wash their hand. In addition, chlorine-containing
products or other bactericides should be used to
clean the ward.#1-42 IBD patients were mainly
infected with CDI through community and out-
patient clinics. Therefore, we should carry out
health education for patients, formulate preven-
tion manuals, and emphasize hand hygiene to
reduce the spread of C. difficile.

How to manage medications for IBD

Public Health England noted in the 2019 British
Society for Gastroenterology guidelines for adult
IBD that stopping corticosteroid therapy during
CDI therapy is not necessary for patients with
acute severe UC.%3> However, a study conducted

by Solanky er al. showed that there was a higher
risk of colectomy when escalated corticosteroid
for IBD with CDI.#! During acute CDI, clini-
cians may delay upgrades of steroids until CDI is
controlled.

It is confirmed that whether to stop the use of
immunosuppressants or not in IBD patients with
CDI has not been clarified in the current consen-
sus of guidelines after a systematic review of the
current publicly available literature. When being
asked to comment on CDI management in IBD,
46% of 169 gastroenterologists (25% of respond-
ents were IBD specialists) opted for a combina-
tion of immunosuppression and antibiotics, while
the remaining 54% preferred antibiotics alone to
treat the flare.32% In addition, Beniwal-Patel
er al. suggested that new immunosuppressants
should not be started and scheduled infusions
should be suspended until the symptoms of C.
difficile are resolved in the case of new CDI.10
While Krishna er al. pointed out that IBD patients
with CDI should be treated with appropriate anti-
biotics immediately. If symptoms are not relieved
in 48h, starting/updating immunotherapy should
be considered at the same time.2° The guidelines
of the American Gastroenterology Association
recommend that steroid or immunosuppressive
therapy should be started 72-96 h after the use of
antibiotics. With the escalation of immunosup-
pression, patients should be closely monitored for
worsening symptoms and impending complica-
tions.?? The decision on whether or not to con-
tinue immunomodulator treatment should be
made on an individual basis (including discussed
surgery).43 Similarly, the 2021 European Crohn’s
and Colitis Organisation (ECCO) guidelines on
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the management of IBD stated that the effect of
immunosuppressive agents on CDI progression
in IBD patients is not clear. For IBD patients
with CDI, whether to maintain immunosuppres-
sants should be carefully considered after risk—
benefit assessment and clinical judgment.%>

At present, the relationship between biological
agents and CDI is still unclear. A retrospective
study on the influence of infection type on the
persistence and switching of biological agents
conducted by Chen er al. found that sepsis and
C. difficile were the major causes of drug with-
drawal.** A cohort study of 10,662 patients with
IBD found no meaningful association between
infliximab and serious bacterial infections, includ-
ing CDIL.46 While another prospective cohort
study with 120 IBD patients and 40 non-IBD
controls revealed that infliximab was indepen-
dently associated with CDI.47 Although an
increase in opportunistic infections of vedoli-
zumab has not been reported, CDI may also
occur because of its intestinal selectivity.46-48
Colombel ez al. analyzed safety data from six trials
of vedolizumab and found that the exposure-
adjusted incidence rate of CDI in patients who
had been treated with vedolizumab was 0.7
(0.5-1.0)/100 patient-year compared with 0.0
(0.0-1.4)/100 patient-year in patients which
were treated with placebo.* Sands er al. con-
ducted the first head-to-head trial comparing bio-
logical agents for IBD. As expected, the rate of
CDI was higher with vedolizumab than with adal-
imumab.474° Thus, experts recommend suspend-
ing vedolizumab during CDI treatment and
restarting treatment after CDI remission.>? As for
ustekinumab, the pooled safety analysis of results
from phase II/III studies exhibited a lower CDI
risk compared with placebo (0.92 wersus 2.18,
event/100 patient-year) after 1-year follow-up.>!
In 2019, The British Society of Gastroenterology
noted that IBD patients with active tuberculosis,
sepsis, or opportunistic infections (including
intestinal infections such as CDI) should not
receive either vedolizumab or ustekinumab.*3 If a
patient receiving anti-TNF, ustekinumab, or
tofacitinib is diagnosed with CDI and biologics
dosing expires, it is recommended to initiate
treatment for CDI and delay (or hold for tofaci-
tinib) biological agents for 5-7 days. After symp-
tom relief and clinical stability are ensured, the
biologic treatment can be restarted and the CDI
therapy should be completed. This approach

balances the risk of recurrent IBD with the risk of
concurrent infection.52

In a multicenter retrospective study analysis,
escalation of corticosteroids or biological agents/
immunosuppressive therapy was not associated
with adverse events in IBD and CDI patient
cohorts. For patients with active IBD who require
treatment, delayed treatment may have adverse
outcomes, including sepsis, colectomy, and/or
death.53 Some patients who still have significant
IBD activity after treatment with antibiotics for
CDI may benefit from intensive treatment with
corticosteroids or biological agents/immunosup-
pressants. However, in some patients, such as
those with sepsis, other infections, or end-organ
involvement, the use of escalation therapy is con-
traindicated. These data from Dana et al. are con-
sistent with current guidelines from the American
Academy of Gastroenterology, which suggests
that early treatment of IBD is appropriate once
CDlI-related antibiotics are initiated.>?

With regard to the treatment upgrading of corti-
costeroids or biological agents/immunosuppres-
sants in the process of controlling CDI in patients
with active IBD, there are no clear guidelines so
far, and the literature is contradictory. More pro-
spective data are needed to support clinical
decisions.

Antibiotic treatments for CDI

Vancomycin
Vancomycin is a glycopeptide antibiotic that can
inhibit C. difficile by oral administration.

Vancomycin may be used in patients with CDI
for the first time (extension may be considered),
while metronidazole is not recommended in CDI-
infected patients with IBD.? Compared with met-
ronidazole, using vancomycin can decrease the
rate of colectomy in adults with IBD.33 The latest
guidelines of the Infectious Diseases Society of
America (IDSA) and the Society for Healthcare
Epidemiology of America (SHEA) suggest that
vancomycin is the standard therapy for the treat-
ment of mild or non-fulminant CDI, with a dose
of 125mg, taken orally four times a day for 10
consecutive days.’*55 High-dose vancomycin
(500mg orally, four times a day) combined with
metronidazole (500 mg intravenously, once every
8h) is the preferred treatment for fulminant CDI.
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CDI IN IBD

First episode

Fulminant

MildiorNonfulminant lleus,Hypotension,Megacolon

1.VAN 500mg QID for 10 days+
IV MNZ 500mg every 8 hours;
lleus: adding rectal VAN 500 mg/1
00 ml normal saline.

1.VAN 125mg QID for 10 days
2.FDX 200mg BID for 10 days

Recurrence

The first recurrence

FDX 200mg BID for 10 days
VAN 4

VAN taper-pulse

<: Extending FDX regimen
FDX VAN taper-pulse

>1recurrence

1.VAN taper-pulse

2.Surgery

2.VAN 125mg QID for 10 days followed b
y rifaximin 400 mg TID for 20 days
3.VAN or FDX followed by FMT

Figure 2. Antimicrobial treatment suggested for Clostridoides difficile infection (CDI) in Inflammatory bowel

disease (IBD).

VAN taper-pulse: 125mg oral 4 times/day, 10-14days, then 125mg orally 2 times/day for 7 days, 125mg oral 1 time/day for
7days, and 125mg oral 1 time/2-3days for 2-8 weeks; Extending FDX regimen: FDX 200 mg orally, twice daily on days 1-5,

and then once every other on days 7-25.

FDX, fidaxomich; FMT, fecal microbial transplantation; VAN, vancomycin.

Rectal vancomycin (500mg/100ml normal
saline) may be added to patients with severe intes-
tinal obstruction. The IDSA guidelines recom-
mend the use of an oral vancomycin pulsed-tapered
regimen (125mg orally four times/day, 10—
14days, then 125mg orally two times/day for
7 days,125 mg orally one time/day for 7 days, and
125 mg orally one time/2—3 days for 2—-8 weeks) in
patients with the first relapse,3%55 shown in Figure
2. About 25% of patients using vancomycin will
relapse.5% Studies showed that the relapse rate of
CDI was significantly reduced (1.8% wversus
11.7%; p=0.043) with a long course of vancomy-
cin (21-42days) compared with a short course of
vancomycin (10-14days) (Figure 2).%57

Fidaxomicin

FDX, a narrow-spectrum macrocyclic antibiotic,
was approved by the FDA in 2011 to treat CDI.
The standard usage is 200 mg twice daily (q12h)
for 10days. Compared with the bacteriostatic
effect of vancomycin on C. difficile, FDX can kill

bacteria and has better iz vitro inhibition efficacy
on BI/NAP1/027 and other strains.>® Furthermore,
FDX does not have any other therapeutic indica-
tions and has little effect on intestinal flora.>° In
2021, IDSA and SHEA jointly recommended
FDX to substitute the standard regimen of van-
comycin in patients with initial CDI, but imple-
mentation is subject to availability.>®

In clinical trials, FDX was shown to have sus-
tained clinical improvement (initial clinical
response, no recurrent symptoms) in CDI patients
than vancomycin. The initial clinical response of
the two drugs was similar, while the recurrence
rate of CDI using FDX was lower. Two phase 111
registration trials have shown that FDX is quite
equivalent to vancomycin in effectiveness in terms
of initial treatment of CDI, and FDX significantly
reduces the risk of recurrence by 10-15% at
28 days after finished treatment.%%:6! In a pooled
analysis of four trials, FDX had a longer sustained
CDI remission than standard vancomycin [haz-
ard ratio (RR): 1.16; 95% CI: 1.09-1.24].5°
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Similarly, a recent multicenter randomized sin-
gle-blind clinical trial also has shown that FDX
has higher rates of global cure in children and
adolescents in CDI than vancomycin.®? For
elderly patients over 60years old, extended pulse
FDX (EPFDX) (200mg twice daily for 1-5 days
and once every other day for 7-25 days) was more
effective than the standard dose of vancomycin in
the long-term clinical treatment of CDI and
exhibited significantly lower relapse rates.®®> For
rCDI, if FDX is used in the first episode, the
EPFDX regimen may be continued (FDX
200mg orally, twice daily on days 1-5, and then
once every other day on days 7-25),% shown in
Figure 2. The use of FDX is currently recom-
mended with caution in patients with IBD CDI
because it is still unknown if FDX uptake will
increase intestinal inflammation associated with
IBD. However, in an open-label, single-arm,
phase IIIB/IV trial performed by Christoph ez al.
on FDX pharmacokinetics in CDI patients, the
maximal FDX concentration in IBD patients
with CDI was found to remain within the range of
concentration measured in non-IBD patients
with CDI. Absorption of FDX did not increase in
IBD. However, the concentration of FDX in
feces was found to consistently reach or exceed
therapeutic levels for C. difficile.®> According to
current pricing, the estimated annual costs of
treating all patients in the United States and
Canada with FDX are $2.06billion and $60 mil-
lion, respectively. If the cost of FDX could be
reduced to below $1140billion US dollars and
$860million Canadian dollars, respectively, it
would promote prescribing practices.® Cost-
effectiveness analysis also showed the priority of
FDX to vancomycin in patients with initial onset
CDI. In a recent economic model in Spain,
EPFDX is more cost-effective as a first-line ther-
apy than vancomycin in elderly patients over
60years old for CDI.%3

Fecal microbial transplantation

As a therapeutic intervention to transfer fecal
samples from healthy donors to patients, FMT
was first performed in 1958, by an American sur-
geon named Eisman, on four patients with pseu-
domembranous enteritis.” The principle of this
treatment is to correct the imbalance of the
patient’s flora by transplanting the flora of
healthy donors and weakening the pathogenic
process.% According to the recommendations of
the 2018 guidelines of The British Society of

Gastroenterology and Healthcare Infection
Society, FMT can be provided to patients with
rCDI who have at least two recurrences, or
patients who have one recurrence and are at risk
of further attacks, including patients with severe
and complex CDI.®® Recently, the European
Consensus Conference held in Rome highlighted
that FMT was recommended as an alternative
treatment for rCDI and should be considered for
refractory CDI.7° Furthermore, massive data sug-
gest that FMT may be used in mild to moderate
UC patients.!> A review of FMT also indicated
that the extent of IBD disease would be alleviated
in IBD patients with C. difficile eradicated by
FMT, and the treatment effectiveness of IBD
drugs was expected to be improved.”!

Pathologic stages in the development of CDI
include intestinal dysbiosis and toxigenic strains.
FMT is not only an effective treatment for rCDI
but also a promising therapy for IBD.7%73
Dysbiosis of intestinal flora in IBD patients is a
predisposing factor for CDI and may worsen the
adverse consequences caused by CDI, including
mucosal injury, intestinal inflammation, and
increased mortality.”* The destruction of intesti-
nal flora leads to the imbalance of the proportion
of primary bile acids and secondary bile acids in
the intestine, thus increasing the susceptibility to
CDI. Studies showed that the concentration of
primary bile salt in rCDI patients was higher than
that in the first episode and the control group.”®
Since the normal gut flora converts primary bile
acids into secondary bile acids by bacterial bile salt
dehydroxylases FMT can rapidly restore the bile
acid metabolism flora, thereby reducing the risk of
CDI recurrence.”® In addition, FMT promotes
the production of bactericidal proteins that inhibit
the proliferation of C. difficile by reconstituting a
rich flora” and reduces intestinal permeability by
increasing the production of short-chain fatty
acids, especially butyric acid, which is shown in
Figure 3. Since butyric acid can maintain epithe-
lial cell integrity, disease severity will be reduced.
In addition, FMT can inhibit T-cell activity, leu-
kocyte adhesion, and the production of inflamma-
tory factors to correct immune dysregulation.”8
The methods of FMT transplantation include
capsule, nasal gastroscope, nasal jejunoscopy, gas-
troscope, colonoscopy, sigmoidoscopy, and
enema.” At present, the best transplantation
method has not been determined. In a systematic
review, the cure rate of CDI by colonoscopy FMT
was higher than in other ways.”?2 It is
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recommended that patients with FMT through
the upper digestive tract should keep standing for
at least 4h after transplantation to avoid aspira-
tion.?? In theory, it is recommended to transplant
the microbiota of unrelated donors to avoid poten-
tial shared genetic and environmental determi-
nants of the gastrointestinal microbiota of
relatives.80

A randomized, double-blind, placebo-controlled
trial (Early FMT) has demonstrated that, com-
pared with the standard of vancomycin alone,
first-line FMT is more effective and superior in
sustained resolution from CDI.8! At the same
time, an increasing body of evidence suggests that
FMT is safe and effective for IBD patients with
rCDI. It can reduce disease activity and avoid the
risk of IBD treatment escalation. In a prospective
cohort study of IBD patients treated with FMT,
each patient received at least one fecal transplant
using a colonoscopy. It was found that the cure
rate (94%) of FMT for rCDI was similar to that
of non-IBD patients. Among the patients who
received a single fecal infusion, 38% of the
patients relapsed CDI, and 83% of the patients
had an effective second infusion. Therefore,
repeated fecal infusion can improve the effective
rate of FMT, and a sequential scheme should be
considered.8? A study by Tariq er al. showed that
the total cure rate of CDI in IBD was 80% after

FMT and no recurrence was found after a median
of 9.3 (range, 0.1-51) months of follow-up.8° In a
multicenter cohort study that had 113 IBD
patients with rCDI treated by FMT after vanco-
mycin treatment, the cure rate of CDI reached
71%. During the long-term follow-up of 90
patients, 39% of patients had a decrease in IBD
activity, and the exacerbation of IBD after FMT
is uncommon.®3 At present, a great deal of
research has proved that the cure rate of rCDI
with FMT is 90%.78 However, for fulminant
CDI, a meta-analysis has demonstrated that low-
quality data support FMT which has major
adverse events and a low cure rate.?* On the con-
trary, a retrospective analysis of 430 severe or ful-
minant CDI patients who accepted FMT showed
that CDI-related mortality was 43.2% before the
FMT treatment versus 12.1% after (»p<<0.001),
which has a great impact on reducing the CDI-
related mortality.85 Current studies have shown
that FMT is equally effective and has the same
side effects in patients using immunosuppression
as in immunocompetent patients.8¢ A lot of stud-
ies have demonstrateds that common complica-
tions of FMT in IBD patients include abdominal
distension, diarrhea, abdominal pain, or fever,
which can usually be relieved spontaneously.3®
Regarding colectomy and death due to toxic
megacolon after FMT, it is considered to be
more relevant to the underlying IBD. Currently,
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no definitive endoscopic data indicate that the
outbreak of IBD is associated with FMT. There
are currently no long-term safety data on FMT
for CDI in IBD patients.8°

Cost-effectiveness analysis shows that FMT is the
preferred treatment for rCDI, and the effect of
early colonoscopy transplantation is the best.”°
However, there are few studies on the effective-
ness of FMT in treating the first CDI infection in
IBD. Furthermore, it is necessary to evaluate the
efficacy of FMT in the primary prevention of
CDI in patients with IBD. More randomized
controlled trials (RCTs) will be required to assess
the long-term efficacy and safety of FMT, and the
issue of a flare-up of autoimmune disease needs
further investigation, as well as to design an inter-
national standard donor screening program.

Rifaximin

Rifaximin is an oral rifamycin antibiotic that is
not absorbable, so it is well tolerated by the
human body. It is very suitable for the treatment
of C. difficile and is a promising drug for the treat-
ment of rCDI.87-8% Theoretically, the solubility of
rifaximin in bile is increased by 70- to 120-fold so
that the effective concentration of rifaximin
should be in the distal small intestine and proxi-
mal colon where C. difficile germinates. Rifaximin
inhibits the proliferation of C. difficile, promotes
the recovery of intestinal commensal bacteria,
and restores the intestinal barrier. An RCT by
Major er al. showed that the use of rifaximin could
reduce the risk of relapse by following standard
therapy (experimental group: 400mg rifaximin,
TID for 2weeks, followed by 200mg TID for
2weeks).87 In addition, in a prospective single-
blind trial, IBD children with CDI were randomly
divided into a control group with oral metronida-
zole and an experimental group with rifaximin
treatment. No statistical difference was seen in
the cure rate and the recurrence rate. The results
indicated that rifaximin was as effective as metro-
nidazole in the treatment of children with CDI
and IBD.% However, for rCDI, besides the previ-
ously recommended vancomycin taper/pulse regi-
men, IDSA guidelines in 2017 recommended
rifaximin 400mg tid for 20 days after 10days of
vancomycin.®! In addition, rifaximin ‘tracer’ has
been studied as an option to prevent recurrence
with a promising result, and it has been listed in
the latest guidelines of IDSA for the treatment of
second or subsequent CDI recurrence.?

Bezlotoxumab

Bezlotoxumab (BEZ) was approved by the FDA
in October 2016 and is the first fully humanized
monoclonal antibody directed against C. difficile
toxin B. As a relatively new method to prevent
rCDI, BEZ can prevent the damage of C. difficile
to colon cells by neutralizing the toxin by combin-
ing with toxin B.%3 In wirro research has shown
that BEZ can reduce toxicity-induced chemical
reactions in tissue inflammation, including inhi-
bition of monocyte, TNF-a, IL-1p (mRNA and/
or protein) expression, as well as the reduction in
colon epithelial injury.?? Currently, BEZ has been
approved for the prevention of high-risk patients
with rCDI.%3 While the FDA has even approved
BEZ for secondary prevention of rCDI. Two
double-blind, randomized, placebo-controlled,
phase III trials conducted by Wilcox er al. demon-
strated that the rate of rCDI with BEZ was appar-
ently lower than with that of placebo [MODIFY
I. 17% (67 of 386) wersus 28% (109 of 395);
MODIFY II: 16% (62 of 395) wversus 26% (97 of
378)].°7 Another randomized trial which had
2559 participants showed that the rate of rCDI
for BI strains of the control group (no BEZ) was
higher than that of the experimental group
(treated with BEZ) (43.9% versus 23.6%), and
was also higher than that of non-BI strains (36.1%
versus 21.4%).92

BEZ is a one-time infusion for more than 60 min
with the recommended dose of 10mg/kg. The
elimination half-life is about 18 days. After at least
3 months since the one-time injection, BEZ will
convert into measurable antibody concentrations.
No dose adjustment is required with renal or
hepatic impairment. There are no publicly avail-
able literature about drug—drug interactions relat-
ing to BEZ.%° In patients with primary and rCDI,
a single dose of 10mg/kg BEZ could significantly
reduce CDI relapse from 25% to 15% under
Standard of Care (SoC) antibiotics.”® In the mod-
ified trial, a single injection of BEZ combined
with SoC antibacterial therapy was used to treat
adult CDI, and the recurrence rate of CDI within
12weeks was found to be 40% lower than that of
SoC antibacterial therapy alone.?? The benefit of
BEZ is limited to patients with rCDI risk factors,
such as age >65years, history of CDI, immuno-
deficiency, severe CDI, and infections caused by
specific highly toxic C. difficile epidemic strains.
In addition, with the increase in the number of
risk factors, the benefit of BEZ will also be
enhanced. Otherwise, if no recurrence risk factor
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exists, the patient cannot benefit from BEZ.5> A
study of recurrence risk factors showed that the
reduction in rCDI was the largest in participants
with =3 risk factors, and participants with 1 or 2
risk factors might also benefit. BEZ is generally
well tolerated and its safety is similar to that of
placebo. Infusion-related reactions are the most
frequent (10%) side effects.®> Model-based cost-
effectiveness analysis showed that the combina-
tion of BEZ and SoC antibiotics was superior to
SoC alone in the prevention of rCDI.?3 Since
BEZ does not affect the efficacy of antibiotics for
CDI, and may reduce the use of subsequent anti-
biotics, the disruption of the intestinal flora could
be thereby minimized. In addition, BEZ can
shorten hospital stay time and reduce retreat-
ment. BEZ can also be perfused to the 14th day
of SoC antibacterial treatment, and be injected in
outpatient, which will reduce hospitalization
cost.?3 It should be noted that the contraindica-
tion of BEZ is heart failure.%*

Conclusion

CDI not only increases the medical cost of
patients but also reduces the quality of life of IBD
patients. In addition, high recurrence rate and
increases in the risk of disease deterioration in
IBD patients are caused by CDI. The risk assess-
ment model of IBD-CDI should be established to
assess high-risk patients. Whether to stop the use
of immunosuppressants or not in IBD patients
with CDI has reached consensus because of the
contrasting data on the influence of biologics on
CDI risk and the lack of RCT trials. However,
most experts recommended initiating treatment
for CDI and delaying (or holding for tofacitinib)
the biologic for 5-7days in IBD patients with
CDI, which seems to balance the risk of recurrent
IBD with the risk of concurrent infection. At pre-
sent, vancomycin and FDX are the first-line
drugs for CDI in IBD patients. However, with
the wide use of drugs and the change in virulence
of C. difficile strains, the antimicrobial activity of
drugs is affected so new treatment methods need
to be studied. The primary prevention value of
FMT and rifaximin in IBD patients needs to be
thoroughly analyzed by further RCT and cost-
effectiveness evaluation. Recently, plentiful
research was available on the use of FMT and
rifaximin for rCDI in IBD patients; unfortu-
nately, the treatment of the first infection was not
included. The recurrence rate of CDI in IBD
patients is high; however, studies on the relevant

prevention and treatment are mainly retrospec-
tive. So, more prospective, multicenter rand-
omized trials are needed in the future. With the
application of biological agents, immunosuppres-
sants and new small-molecule drugs in IBD
patients and the improvement of IBD diagnosis
technology, patients can receive timely and more
effective treatment. Thus, the epidemiology of
CDI in IBD patients is also changing subse-
quently. Corresponding clinical retrospective
studies on the epidemiology of CDI in IBD
patients needs to be conducted as soon as possi-
ble in the near future.
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