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Abstract

Clostridioides difficile infection (CDI) has been increasing in incidence in the general population and particularly in patients with inflammatory bowel disease (IBD).
This rise is also seen in pediatric patients with IBD and is associated with increased morbidity and complications. Despite successful treatment, recurrences are also
more common in this group. CDI is of particular concern in pediatric patients with IBD both from a diagnostic and management viewpoint. The similar clinical
presentation between CDI and IBD poses a diagnostic challenge. Various CDI antibiotics have been used to treat CDI in children. Fecal microbiota transplantation
can be successful in curing recurrent CDI when other treatments have failed however its effect on the underlying IBD is not entirely clear. This review article
describes the challenging aspects of diagnosis and management of this dual disease and discusses the novel therapies including monoclonal antibodies, vaccines and
probiotics. While we currently have good knowledge of this area, however, further research is required to study the unique risk factors for CDI and the diagnostic

and management challenges in pediatric patients with IBD.

Introduction

Clostridioides difficile is an anaerobic, gram positive, spore forming,
toxin-producing bacillus. It exists in the environment in the spore form,
which is resistant to heat, acid and a number of antiseptics. Mode of
spread to others is by the fecal-oral route. The important virulence
factors are the toxins that it produces, namely toxins A and B. The toxins
are responsible for the clinical manifestations, which can range from
asymptomatic colonization to severe disease with pseudomembranous
colitis [1].

In the last decade the incidence and prevalence of CDI has
been rising. Highly communicable strains and enhanced testing
capabilities have contributed to an increase in identified cases. For
example, emergence of the easily transmissible and highly virulent
North American pulsed-field gel electrophoresis type 1 (NAP1) strain
of C. difficile is one of the contributors to the changing epidemiology of
CDI [2-5]. Newer testing modalities are also available which are very
sensitive and specific and allow enhanced detection of cases leading to
an increased number of identified cases.

C. difficile causes a high burden of disease with an estimated
453,000 infections and 29,300 deaths attributable to CDI, per year in
the United States alone [6]. CDI negatively impacts patients with IBD
both short term and long term, including rates of colectomy, escalation
in IBD therapy and mortality as shown in multiple adult studies [7-12].
It may also result in longer hospitalization, increased readmission rates
and increased in-hospital expenditures [7].

CDI is of particular concern in patients with IBD both from a
diagnostic and management viewpoint. In this review we try to address
the current evidence that can aid in making an informed decision with
regards to management of pediatric patients with IBD and CDI.
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Incidence and risk factors for CDI in IBD

Cases of CDI have been rising in both adult and pediatric patients
with inflammatory bowel disease (IBD). In children, the rise has been
larger with one study showing a 5-fold increase in IBD hospitalizations
with CDI from 1997-2011 [13]. Patients with IBD not only have an
increasing incidence of CDI [14] but also have a higher prevalence of
asymptomatic C. difficile colonization [15]. There is also a significantly
increased prevalence of CDI in children with IBD when compared to
children without IB [7,16-17]. Risk factors in children may also differ
from those seen in adults [18]. The prevalence of CDI in IBD among
pediatric patients is 7.8%-69%, with a higher incidence among patients
with ulcerative colitis (UC) as opposed to (CD) [19-22]. A recent study
by Melnik et al shows that C. difficile is one of two most common enteric
infections among pediatric patients with IBD [23]. More importantly,
CDI was associated with about a three-fold increase in disease severity;
including more frequent relapses, emergency room visits and surgical
intervention. Pediatric patients with IBD can also have increased
length of hospital stay, cost and need for TPN and blood transfusions
[24,25]. The reasons for increased incidence and complications of CDI
in patients with IBD are probably multifactorial. Traditionally, and as
reported in multiple earlier studies, antibiotic exposure, hospitalization,
PPI, H2 blockers, chemotherapy and corticosteroid use are considered
significant risk factors for C. difficile colonization [26-28]. Since
patients with IBD are exposed to most of these risk factors they may
have a high rate of colonization as well as infection. In addition, the
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underlying IBD and its treatment may expose them to additional risk
factors including a disrupted gut microbiome, immunocompromised
state and repeated exposure to the health care environment. Disruption
of gut microbiome and interaction with the intestinal immune system
are mechanisms for pathogenesis of both CDI and IBD. Patients with
inflammatory bowel disease (IBD) are at higher risk for CDI and host
genetics may influence susceptibility to C. difficile in these patients [29].

Pathogenesis of disease

The pathogenesis of IBD (although incompletely understood) is
thought to arise from the interactions between environmental and
host factors. IBD is characterized by recurring episodes of relapsing
inflammation of the gastrointestinal tract with variable clinical
manifestations and potential serious complications which include
bleeding, perforation and abscess formation. CDI is thought to result
from disturbance in the microbiome resulting in dysbiosis and loss of
colonization resistance.

Diagnosis of CDI

Accurate diagnosis of CDI is not an easy task due to many factors.
Patients may harbor toxigenic strains without clinical disease. It is
generally recommended that only symptomatic children (defined as 3
or more loose or liquid stools in a 24-hour period) older than 1 year
be tested once other infectious etiologies of diarrhea are addressed.
It should be noted that laboratory tests are only recommended for
unformed stool sample with many hospitals having a laboratory-based
rejection of testing on formed specimens.

Diagnosis of CDI requires presence of diarrhea (> 3 unformed stools
in a 24 hour period) or radiographic evidence of ileus/toxic megacolon
and a positive stool test result indicating the presence of toxigenic
C. difficile or colonoscopic/histopathologic findings demonstrating
pseudomembranous colitis [30].

There are several diagnostic assays available to assess CDIL
Toxigenic cultures and cell cytotoxicity neutralization assays have been
used as reference methods. However, both methods are cumbersome,
time consuming and lack standardization, and not too many labs
use it for diagnosis at the present time. Glutamate dehydrogenase
(GDH) immunoassays detect the highly conserved metabolic enzyme
(common antigen) present in high levels in all isolates of C. difficile.
Since this antigen is present in both toxigenic and nontoxigenic strains,
GDH immunoassays lack specificity and must be used with algorithms
that combine it with a toxin test and/ or a molecular test for toxin gene
detection [31,32]. DNA-based tests or nucleic acids amplification tests
via polymerase chain reaction (PCR) for C. Difficile toxin genes (tcdA
and tcdB) have been found to be more sensitive than toxin A and B
enzyme immunoassays (EIA). Currently NAAT alone or a multistep
algorithm for testing is (GDH plus toxin; GDH plus toxin, arbitrated
by NAAT; or NAAT plus toxin) is recommended as the preferred
diagnostic testing method for CDI [30].

Repeat testing is not recommended within 7 days during the same
episode of diarrhea. Stool testing from asymptomatic patients is not
recommended, except for epidemiological studies. There is not enough
data to recommend the use of biological markers (fecal lactoferrin)
to diagnose CDI. Clostridium difficile testing should not be routinely
performed in children with diarrhea who are 1-2 years of age unless
other infectious or non-infectious causes have been excluded [30].
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Specific challenges in diagnosis and management of CDI in IBD

There is significant overlap in the clinical presentation of IBD and
CDL. Patients with either condition often present with abdominal pain,
watery diarrhea, mucus, and rectal bleeding. Laboratory evaluation
may reveal leukocytosis and hypoalbuminemia in both conditions.
Radiologic evaluation is often normal, except in severe disease where
it may show megacolon or perforations. Thus, physical examination,
laboratory values and radiologic findings do not aid in differentiating
CDI from active IBD colitis [24,33].

Further complicating the picture, a percentage of patients may be
asymptomatically colonized with C difficile and not have the disease.
The prevalence of such colonized individuals is estimated to be between
1 and 4% in healthy adults and higher up to 8% among those with IBD
[15]. Furthermore C difficile colonization rates in younger children are
higher than in older children and adults with children less than a year
of age commonly colonized with C. difficile (cross-sectional prevalence
35-40%), decreasing to adult rates of ~3% by ~8 years (34) A pediatric
study by Leibowitz et al. showed an asymptomatic colonization rate by
PCR of 24% [34,35].

Currently there is no definite way to differentiate asymptomatic
colonization from disease, which makes this determination in a patient
with IBD presenting with diarrheal disease extremely challenging. In
addition, the two conditions can often co-exist and CDI can potentially
trigger an acute flare of the underlying IBD [33,36]. There has also been
a rise in CDI among IBD patients in the last few decades as shown in
multiple single center and national studies [7-9,17].

Given the fact that the management of the two conditions differs
significantly and IBD-targeted therapy may potentially adversely
affect the progression of CDI, management of immunosuppression in
patients with IBD who with CDI can be challenging.

Endoscopy

The classically described endoscopic appearance of C. difficile
colitis is the ‘pseudomembrane; a collection of necrotic debris and
secretions from sloughing of the mucosa [37,38]. However this classic
finding is not very commonly seen in patients underlying IBD (8,
14). Pseudomembranes are also seen though less commonly in other
conditions like Behcets disease, collagenous colitis, inflammatory
bowel disease, ischemic colitis, other infections organisms (e.g. bacteria,
parasites, viruses) and few drugs and toxins [39].

Endoscopy is however useful in these patients as it is helpful to
assess the severity of the active disease as well as to obtain biopsies to
rule out other infections such as cytomegalovirus which can present in
some patients with severe steroid refractory colitis [16].

Management

Medical management

Non-CDI antibiotics should be stopped or narrowed whenever
possible once a patient is diagnosed with CDI. In mild CDI this alone
may be enough to achieve cure. In patients with IBD however most
patients will be treated with antibiotics against CDI. Infection control
procedures should be in place when hospitalized patients are diagnosed
with CDI.

CDI antibiotics

As C. difficile toxin acts locally in the gut, activity of CDI antibiotics
depends on achieving adequate intraluminal concentrations. There
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have been considerable changes over the past decade regarding
recommendations for the agent of choice to treat CDL

Metronidazole

Metronidazole was the recommended first line antibiotic for
treating first episode of CDI until recently. With recent randomized
control clinical trials showing increased failure rates in patients on
metronidazole [40] and release of the Infectious diseases Society of
America (IDSA) guidelines in 2017 metronidazole has made place for
oral vancomycin as the first line drug in adult patients with first episode
of CDLI. In children however studies comparing the two are lacking and
metronidazole continues to be recommended as the first line antibiotic
for first episode of non-severe CDI. In pediatric patients with severe
CDI or recurrence of CDI vancomycin is the recommended first line
antibiotic [30]. There are also concerns for peripheral neuropathy with
repeated or prolonged exposure to metronidazole.

Vancomycin

Orally administered vancomycin is not absorbed significantly in the
small intestine and achieves fecal concentrations several- fold higher
than the ratio of fecal concentration-to-maximum mean inhibitory
concentration achieved with metronidazole making it an effective CDI
antibiotic.

Vancomycin is now the recommended antibiotic of choice in adults
for the first episode of CDI.

Either vancomycin or metronidazole is recommended for the
treatment of initial episode or first recurrence of a non-severe CDI in
children. However, for an initial severe episode of CDI, oral vancomycin
is recommended over metronidazole (IDSA) [30,41].

Fidaxomicin

Fidaxomicin is minimally absorbed from the gut and has a
very narrow spectrum of activity leading to minimal disruption of
microbiota with its use. Randomized controlled trials comparing oral
vancomycin to oral fidaxomicin for the treatment of CDI showed that
resolution of diarrhea at end of treatment was similar in both groups
however sustained clinical response (no recurrence 25 days after
treatment) was superior for fidaxomicin [42,43]. Patients treated with
fidaxomicin were also less likely to have acquisition and overgrowth of
vancomycin-resistant Enterococcus and Candida species [41].

Based on these 2 large clinical trials and meta-analyses, fidaxomicin
is recommended along with vancomycin as the drug of choice for an
initial episode of CDI in adult patients by the IDSA. IDSA guidelines do
not incorporate fidaxomicin for treatment of pediatric CDI, however a
recent large multicenter, randomized, single-blind clinical trial showed
that compared with vancomycin, fidaxomicin was well tolerated and
demonstrated significantly higher rates of global cure (confirmed
clinical response without CDI recurrence 30 days after the end of
treatment) [44]. Fidaxomicin may thus be an attractive alternative to
vancomycin in pediatric CDI however widespread use is limited due to
cost considerations and lack of incorporation in national guidelines for
pediatric CDI.

Other CDI antibiotics

Other agents that have been used for treatment but have less
supportive evidence include nitazoxanide, fusidic acid, rifaximin,
tigecycline, and bacitracin. Rifaximin has been studied as an adjunctive
post vancomycin treatment regimen in patients with recurrent CDI and
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is recommended following a standard course of Vancomycin for second
of subsequent recurrence of CDI in children [30].

Antibiotics in Fulminant CDI

Fulminant CDI is severe disease that may be characterized by
hypotension, shock, ileus or megacolon. In such cases higher doses
of oral vancomycin along with intravenous (IV) metronidazole is
used [30,45]. There are also case reports suggesting that rectally
administered vancomycin may be of benefit when ileus is present and
this is thus also recommended [46,47] Both IV metronidazole and
rectally administered vancomycin should be used in combination
with oral vancomycin as rectal vancomycin does not reach the entire
colon and treatment failures are reported with IV metronidazole alone
[46,48-49]. Fulminant CDI may need may need surgical management
if these measures fail.

Antibiotics in Recurrent CDI

Patients with IBD are 33% more likely to suffer recurrent CDI.
The treatment of recurrent CDI beyond the first recurrence is often
initiated through tapering and/or pulsed doses of vancomycin for 2-8
weeks [50,51]. Another strategy is the use of a “chaser” like rifaximin
with a narrower spectrum of activity following vancomycin which still
prevents CDI from relapsing while allowing the microbiota to recover
[50]. As discussed above Fidaxomicin with its narrower spectrum of
action is an alternative to vancomycin in patients with recurrent CDI
and has demonstrated increased efficacy in preventing recurrence. If
appropriate antibiotic treatment for at least two recurrences fails fecal
microbiota transplantation can be considered.

Other agents

Intravenous Immunoglobulin

Lower antitoxin levels may in part contribute to CDI severity and
this is the rationale behind use of intravenous immunoglobulin (IVIG)
in patients with refractory disease. However, case series that report
use of passive immunotherapy with IVIG have not shown convincing
efficacy and no controlled trials have been performed [52]. IVIG may
have a role in patients with IBD and underlying immunoglobulin
deficiency.

Probiotics

Probiotics are theorized to work by restoring the balance of
intestinal flora however they have not demonstrated convincing efficacy
in the treatment of CDI. A Cochrane review found insufficient evidence
to recommend probiotic therapy as an adjunct to antibiotic therapy for
C. difficile colitis and no evidence to support the use of probiotics alone
in the treatment of C. difficile colitis [53]. Further studies are necessary
to determine if there is a role in CDI in patients with IBD. A large
metaanalysis on the role of probiotics in preventing CDI found that
probiotic prophylaxis may be a useful and safe CDI prevention strategy,
particularly among participants taking 2 or more antibiotics and in
hospital settings [54].

Bezlotoxumab

Bezlotoxumab, a monoclonal antibody directed against toxin B,
has been approved as adjunctive therapy for adult patients who are
receiving antibiotic treatment for CDI and who are at high risk for
recurrence. In patients being treated for primary or recurrent CDI with
antibiotics addition of bezlotoxumab was associated with a substantially
lower rate of recurrent infection than placebo [55]. Bezlotoxumab was
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more effective at reducing recurrences in patients who were C. difficile
toxin positive via EIA testing than who were positive by PCR alone [56].
Studies in pediatrics are currently underway.

Fecal microbiota transplantation

There is increasing recognition of the critical role the microbiome
plays in human health and disease. Changes in microbial composition
are associated with immune dysregulation and have been linked to
multiple diseases including inflammatory bowel disease, obesity,
autoimmune diseases, cancer, and infections [57,58]. A recent study
showed that adults with C. difficile colonization (CDC) and CDI have
significantly decreased bacterial diversity compared to controls, however
overall microbial composition was significantly different between
control, CDC and CDI patients [59]. Strategies aimed at normalizing
the gut microbiota include fecal microbiota transplantation (FMT) with
donated stool delivered into the gut of an affected individual to restore
the microbiota to a healthy state. Indeed, FMT has successfully been used
in the management of recurrent CDI (rCDI) in adults with several high
quality RCTs demonstrating efficacy, with cure rates approaching 90%
[60-65]. Most large controlled studies have been performed in adults.
However, many small case series and case reports indicate treatment
success and safety in children with recurrent CDI comparable to adults.
Recently NASPGHAN special interest group collected data on children
with rCDI in the USA and showed that FMT was successful in 81% of
the children after a first FMT and this number approached 90% when
patients who received a second FMT were included [66]. Therefore, in
carefully selected pediatric patients with rCDI (=3 infections including
a 6- to 8-week tapering course of CDI-directed antibiotics or at least 2
episodes of severe CDI resulting in hospitalization and associated with
significant morbidity) and those with severe or fulminant CDI without
response to standard treatment for >48 hours FMT may be considered.

Vaccines

C. difficile vaccine is a novel toxoid vaccine developed by Sanofi
Pasteur and currently under evaluation in global Phase III clinical trial.
It consists of genetically and chemically detoxified, purified toxins A
and B. It demonstrated good safety and immunogenicity in Phase I and
Phase II trials in the USA [67,68]. It may be an option in the future
especially for patients at high risk of developing severe CDI.

Surgical management

Patients with fulminant or complicated CDI who develop megacolon
or colonic perforation require may require emergent surgery. The
timing of surgery is debated however protracted antibiotic treatment
in those with severe underlying disease may increase the likelihood
of complications if the patient eventually needs surgery. Mortality in
patients requiring surgery remains high (40-60%) owing to both the
severity of illness and underlying IBD related comorbidity [69,70].
If surgical management is necessary for severely ill patients, subtotal
colectomy with preservation of the rectum is recommended. Segmental
resection or hemicolectomy have been associated with worse outcomes.
The early involvement of the surgical team in patients with severe and
fulminant CDI is associated with superior outcomes [71].

Managing immunosuppression

Management of concurrent immunosuppression can be challenging
in patients with IBD who have CDI. Presentation of both IBD flare and
CDI is often similar, but the treatment paths are markedly divergent
with the escalation of immunosuppression for an IBD flare compared
with reduction in immunosuppression in those with active CDI.
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Significant uncertainty exists among practitioners with regards to the
initiation of corticosteroid therapy and its safety in the context of an
ongoing CDI-mediated colitis.

Indeed, in a prior survey, the approach that seems to be favored by
56% of the American and Canadian gastroenterologists is to use both
antibiotics and immunomodulators together whereas 46% would use
antibiotics alone to treat the CDI [72]. Treating for both conditions
however may not always be the best approach as shown in a multicenter
study, which found increased risk of mortality in patients treated with
both antibiotics and immunomodulators [73]. AGA expert review
recommends postponing escalation of steroids in the setting of acute
CDI until 72 to 96 hours after the initiation of appropriate antibiotic
therapy [74]. It is our practice that we treat both clostridium difficile
infection and the flare of IBD colitis simultaneously as this has resulted
in the best outcome.

Conclusions and future directions

Multiple challenges exist in the diagnosis and management of CDI
in pediatric patients with IBD. Recognition of C. difficile colonization
versus active CDI is especially challenging given the high rates of
asymptomatic C. difficile colonization rates in children with IBD.
Similar clinical presentation further confounds the clinicians ability
to make the distinction between acute flare of IBD and CDI. We have
addressed in this review the current data and evidence available and the
approach to diagnosis and management of CDI in patients with IBD,
however there continues to be much uncertainty in multiple areas that
would benefit from more data and further research.

FMT has shown great success in the management of CDI however
the role of microbiome in IBD is more complex. A better understanding
of the role of microbiota in patients with IBD with and without CDI
is urgently needed and could significantly influence diagnostics and
therapeutics. Further research is required to identify better diagnostic
markers that differentiate the two conditions and optimal timing of
immunosuppressive therapy. The hopes of C. difficile vaccine in the
future will be an important step forward to protect patients with IBD
from CDlIs.
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