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Abstract

Purpose of review Clostridiodes difficile infection (CDI) has unique challenges for diagnosis
and treatment in pediatrics. Though new antibiotics and biologics are being approved or
developed for adults, most of the pediatric therapies still rely on multiple or extended
antibiotic courses. This review aims to highlight emerging evidence and our clinical experi-
ence with CDI in children and can help inform readers” approach to pediatric CDI.

Recent findings Use of fidaxomicin for CDI in pediatrics has been shown to be to be non-
inferior to vancomycin and is associated with higher global cure rates and decreased risk
of recurrence. Fecal microbiota transplant is a successful emerging therapy with cure rates
of up to 90%, though safety alerts should be noted. Diagnostic laboratory testing for C.
difficile remains a challenge as it still cannot definitively distinguish between colonization
and true infection, and this is particularly relevant to pediatric patients as they have the
highest rates of colonization.
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Summary The diagnosis and treatment of C. difficile infection in pediatrics remain chal-
lenging and recommendations lag behind advances made in the adult field. Recent data
suggests that use of fidaxomicin both as treatment of first episode or recurrences may be
beneficial in pediatrics just as in adults. At an experienced center, FMT is associated with
high cure rates. Bezlotuxumab a monoclonal antibody to toxin B that is already recom-
mended for use in adults is being studied in children and should be available for clinical
use soon. Oral vancomycin prophylaxis is also an emerging strategy for high-risk patients.
Finally, a possible vaccine may be on the horizon for pediatrics.

Introduction

Clostridiodes difficile (formerly Clostridium difficile)
is the most common cause of healthcare-associated
diarrhea and has unique challenges and presenta-
tions in the pediatric population [1]. C. difficile is an
anaerobic gram-positive rod with spore formation
that makes disinfection challenging. It is associated
with toxin production that causes diarrheal illness
[2]. Furthermore, the majority of cases in pediatrics
are now thought to be community acquired, a shift

Epidemiology

in a classically nosocomial illness [3-5]. Presenta-
tion varies from asymptomatic colonization to true
illness comprising of profuse, pungent, watery, and
at times, bloody diarrhea. Most severe forms include
pseudomembranous colitis, ileus, toxic megacolon,
and intestinal perforation, though surgical complica-
tions occur in< 2% of pediatric patients. The majority
(66%) of pediatric patients with CDI have at least one
comorbidity [6].

The incidence of CDI in pediatrics ranges from 20 to 30 per 100,000 persons
and has been increasing steadily [1, 5, 7]. Acquisition of C. difficile occurs
via fecal-oral route and once it has colonized the lower intestines, toxin
proliferation and disrupted gut microbiome cause disease. The epidemiology
of C. difficile infection in pediatrics is unique because of the high rates of
asymptomatic colonization in infants, even up to 50% under age one. Most
experts do not think a diagnosis of CDI should be considered under 1 year of
age as it is likely nonpathogenic in that age group and should be made cau-
tiously between the ages of 1 and 2. In these young infants, other common
pathogens for diarrheal illness should be considered first [2]. Asymptomatic
carriage decreases with age, however, and in hospital-exposed patients, up to
25% of pediatric patients may still be colonized [8]. The incidence of CDI
in the general population increases with age, with the lowest incidence in
the 1-17 age group. Risk factors for CDI include recent antibiotic exposure,
frequent exposure to the healthcare system, comorbidities such as inflam-
matory bowel disease (IBD), cancer, transplant recipient, exposure to proton
pump inhibitors, and/or history of abdominal surgery such as gastrostomy or
colostomy (Fig. 1). Previous antibiotic exposure, hospitalization, and immu-
nodeficiency remain the most significant risk factors and almost all antibiotics
have been linked to CDI [8-10]. Cancer and IBD have been reported to be
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Fig. 1 Important risk factors for pediatric C. difficile infection. Image adapted from https://phil.cdc.gov/ [51]

the most significant risk factors for recurrent disease [11]. The health of the
gut microbiome and interplay of gut bacteria with C. difficile toxin has also
been shown to play a role in risk and severity of CDI [12, 13].

Though previously considered a nosocomial infection, rates of commu-
nity-acquired infection (CA-CDI) have been rising, accounting for 41-75%
of cases in pediatrics now [3, 5]. In adult patients, exposure to an infant<1
was also shown to be a risk factor in those with CA-CDI. The emergence of
a more virulent strain, the North American pulsed-field gel electrophoresis
type 1 strain (NAP-1), has also contributed to a rising incidence of CA-CDI
over the past 10-20 years in otherwise low-risk patients [9]. Though not as
prevalent in pediatrics, about 19% of C. difficile strains in a children’s hospital
were found to be NAP-1, which accounted for 11% of severe cases [14, 15].

Diagnosis

Asymptomatic carriage of C. difficile can make the diagnosis of true infection
difficult in children, and therefore must rely on clinical assessment and exclu-
sion of other diagnoses before the diagnosis is considered and testing done.
The clinical presentation should include greater than 3 episodes of watery,
unformed, diarrhea in a 24-h period in an appropriate host (> 1 year old with
risk factors). Other clinical features such as fever, abdominal pain, tenesmus,
or bloody diarrhea can be seen, with associated leukocytosis or hypoalbu-
minemia. In severe cases, imaging findings concerning for ileus, toxic mega-
colon, intestinal perforation or colonoscopy findings of pseudomembranous
colitis in the setting of positive C. difficile testing can make the diagnosis. A
recurrent CDI episode is defined as being 2-8 weeks from a prior episode,
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and multiply recurrent CDI is defined as 3 or more episodes of mild to severe
CDI with failure to respond to an extended vancomycin taper [2].

Diagnostic confirmation with laboratory testing is challenging. Laborato-
ries are advised not to accept formed stool for testing given the high rate of
asymptomatic carriage in children. Cell cytotoxic neutralization assays and
toxigenic stool cultures are the gold standard for diagnostic testing but are
too time consuming and user dependent and so are no longer regularly used.
Institutions are recommended to use either a multi-step testing algorithm or
a nucleic acid amplification test (NAAT) alone in specific cases. Multi-step
testing can include a glutamate dehydrogenase (GDH) immunoassay with
toxin enzyme immunoassay (EIA) confirmatory testing (with or without fur-
ther confirmatory NAAT testing if toxin negative) or NAAT with toxin EIA
confirmatory testing. GDH and toxin EIA should not be used alone. GDH
testing is highly sensitive but not specific to C. difficile or a toxigenic strain,
so is mostly useful as a screening tool, and toxin EIA has lower sensitivity
resulting in false negatives if used alone [16]. NAAT can be used alone if the
institution has agreed on strict criteria for stool submission. Despite all these
measures, testing can still be challenging given the high sensitivity but lower
positive predictive value of NAAT. A recent pediatric study suggests that the
combination of NAAT and EIA still cannot distinguish between asympto-
matic colonization and true infection in pediatrics and cannot predict disease
severity, so should still be used with caution [17]. Although imperfect, our
recommended method would be to use the multi-step algorithm with NAAT
as initial screening followed by toxin EIA testing. This would increase the
overall sensitivity and specificity of results. In the appropriate clinical situa-
tion, a positive NAAT with a negative toxin EIA may be useful in distinguish-
ing colonization from disease. Tests of cure are not recommended given the
high frequency of continued asymptomatic shedding after an infection and
repeat testing within 7 days should not be done. Multiplex gastrointestinal
pathogen panels are also an emerging diagnostic technique but are associ-
ated with increased detection of C. difficile colonized patients and should be
interpreted with caution [18¢].

Special patient populations in pediatrics

Patients with IBD

Inflammatory bowel disease is a significant risk factor for CDI in pediatrics,
with patients with IBD having a significantly higher prevalence and risk of
recurrence [19-22]. Patients with IBD are exposed to many of the risk factors
for CDI including frequent antibiotics, frequent hospital visits, exposure to
PPIs, corticosteroids, and immunosuppressants. This is further exacerbated by
an inflamed colon which contributes to a disrupted gut microbiome. There is
increased morbidity in patients with IBD, with increased hospital stay, sever-
ity of symptoms, and risk for surgical interventions. However, asymptomatic
colonization in IBD patients is also higher than the general population [23,
24]. Furthermore, given the similarities of clinical presentation of CDI with
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an IBD flare, it can be often hard to tease out if a positive test signifies coloni-
zation in the setting of an IBD flare or CDI. This is particularly important to
differentiate as treatment for the two conditions differs significantly. Immu-
nosuppressants used for an IBD flare are associated with worse outcomes
in CDI, whereas untreated CDI can trigger an IBD flare [19, 21, 24]. Until
better testing strategies are available, distinguishing asymptomatic coloniza-
tion versus acute infection in patients with an IBD flare will continue to be
challenging.

Patients with cancer

Pediatric oncology and hemopoietic stem cell transplant (HSCT) recipients
are at significantly higher risk for CDI compared to the general pediatric pop-
ulation due to many non-modifiable risk factors including frequent exposure
to the healthcare system, frequent antibiotic exposure, and a disrupted gut
microbiome [25, 26]. Colonization rates are also high, with studies show-
ing that up to 30% of pediatric oncology patients may be asymptomatically
colonized with C. difficile. A recent large cohort study of pediatric oncology
patients showed that liquid tumors were associated with higher rates of infec-
tion than HSCT and solid tumors. Admission at the same time as another
patient with CDI was also a risk factor with an odds ratio of 84.7 emphasizing
the importance of infection prevention practices. CDI admissions were found
to delay chemotherapy significantly longer than non-CDI admissions and
chemotherapy delays are associated with reduced disease free survival [25].

Patients with abdominal surgeries

Abdominal surgeries, including gastrostomy, ileostomy, colostomy, intestinal
transplant, and colectomy (particularly in patients with IBD), are all known
risk factors for CDI, with a 1.4-2.2% prevalence documented in colorectal
surgical patients [27, 28]. Pediatric intestinal transplant recipients are also
at particularly high risk for CDI, with a prevalence of 39% in a 2020 study,
exceeding the rates in other solid organ transplants [29]. Small bowel infec-
tion is a known extra-colonic manifestation of CDI, though rare, and can
carry high mortality if not treated aggressively. Risk is highest in the post-
operative period and should especially be considered in patients with known
C. difficile carriage prior to colectomy. Use of oral antibiotics as bowel prep
for colectomy has been associated with reduced risk of post-operative CDI
[28]. Small bowel enteritis typically presents with similar symptoms to C.
difficile colitis but is more severe and more often associated with systemic
symptoms [30]. Disease is typically worse in the ileum and retrograde van-
comycin flushes through the ileum can be considered [27]. Previous case
series of small bowel enteritis are few and mostly in adults, as old age is one
of the most significant risk factors [30]. However, in our experience, pediatric
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patients with abdominal surgeries have presented similarly and are frequently
challenging to treat.

New developments in treatment options and future directions

Treatment guidelines

Current guidelines in pediatrics recommend the use of metronidazole or oral
vancomycin for the initial and first recurrence of a mild to moderate episode
of CDI. Oral and rectal vancomycin with or without IV metronidazole is sug-
gested for a severe/fulminant episode. Subsequent recurrent episodes can be
treated with a tapered oral vancomycin regimen lasting 4-10 weeks longer
than a standard course, or a standard oral vancomycin course followed by
20 days of rifaximin, or fecal microbiota transplant (FMT) [2]. Treatment
guidelines used in our institution based on experience, literature review, and
consensus between pediatric infectious diseases and gastroenterology special-
ists are detailed in Table 1.

First episode: metronidazole vs oral vancomycin?

Pediatric IDSA guidelines currently suggest metronidazole can be used for
initial or first recurrence for mild to moderate CDI though this is no longer
recommended in adult guidelines. This is because studies comparing metroni-
dazole to oral vancomycin in pediatrics are lacking compared to adults. Given
lower morbidity and mortality and lower rates of recurrence in pediatrics,
it is reasonable to use metronidazole for the first mild episode in low-risk
patients. However, for moderate to severe cases or in patients with high risk
of recurrence, oral vancomycin should be preferred given the clear benefit
seen in adult patients, though pediatric data lags [31, 32]. Some providers
may choose to indeed go with vancomycin as the first line for even milder
presentations. Emerging evidence also supports the use of fidaxomicin ini-
tially in pediatrics, over metronidazole or oral vancomycin, which would be
in line with the current adult recommendations.

Fidaxomicin in pediatrics

In adults, fidaxomicin has been approved since 2011 for treatment of C. diffi-
cile and has been shown to be noninferior to vancomycin in achieving clinical
cure with decreased risk of recurrence after treatment. Additional benefits of
fidaxomicin include a narrower spectrum of activity, less frequent dosing, and
rarity of resistance [33]. IDSA 2021 updated guidelines specifically address
the use of fidaxomicin in adults, now recommending its use for both the first
episode of C. difficile, and now also in recurrent episodes over vancomycin
[34°¢]. An extended pulsed regimen of fidaxomicin, like for vancomycin, is
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also suggested. Pediatric patients with comorbidities such as inflammatory
bowel disease, immunosuppressed condition, or with abdominal surgical
procedures (i.e., g-tubes, colostomy) face a significant risk of recurrence after
the initial episode; however, currently fidaxomicin is only used off-label. The
SUNSHINE study, a multicenter, investigator-blind, phase 3 trial study, sup-
ports the use of fidaxomicin in pediatrics as a non-inferior and safe option to
vancomycin [35¢]. The patients in this study had one or more comorbidities.
It demonstrated safety, as the rate of adverse events was similar, and indeed
fewer in the fidaxomicin group. It demonstrated efficacy, with similar rates
of resolution of diarrhea in the fidaxomicin vs vancomycin group (75.5%
vs 72.7%), shorter time to resolution in fidaxomicin group (58 h vs 97 h),
and fewer rates of recurrence (11.8% vs 29%) [35¢]. This study shows that in
pediatrics, fidaxomicin is associated with a higher rate of clinical response
without recurrence. This data suggests that fidaxomicin should potentially
be considered as a first-line option for treating CDI particularly in patients
at high risk for recurrence. At our institution, fidaxomicin is frequently used
for recurrent CDI especially in patients with IBD and other underlying risk
factors. Cost and availability continue to be issues with fidaxomicin.

Fecal microbiota transplant in pediatrics

Fecal microbiota transplant in pediatrics is recommended for recurrent CDI
or severe CDI that does not respond to standard therapies within 48 h [36¢].
The practical challenges in arranging for FMT in pediatrics make it more
commonly an outpatient, scheduled procedure for recurrent CDI. FMT is
overall associated with high clinical cure rates in adults (80-90%) especially
in comparison to vancomycin, but no controlled clinical trial has been done
in pediatrics. However, a large retrospective review showed a similar (81%
with single FMT and 86.6% with single and repeat) success rate in pediatrics
[37]. FMT can be delivered in many forms, with no difference found between
fresh or frozen specimens in adults in a prospective trial [38], though fresh
specimens were associated with better outcomes in the pediatric retrospective
study. Delivery methods include through tube (NG, NJ, ND), gastrostomy,
colonoscopy, enema, or through a capsule. In patients with inflammatory
bowel conditions, delivery via colonoscopy is more prudent, but otherwise
similar success rates have been shown with the other forms of administration
as well in adults. Nicholson et al. also found a higher odds ratio of success
for colonoscopy in pediatrics [39]. However, safety considerations limit use
of FMT to cases that are non-responsive to standard therapies. Though safely
used in both immunocompetent and immunocompromised children success-
fully, rigorous donor screening, close follow-up, and an experienced center are
key. In 2020, the FDA released safety alerts due to transmission of E. coli after
FMT in 6 patients. Two of the patients died following the FMT. This alert has
slowed down the administration of FMTs. Furthermore, the COVID-19 pan-
demic created more challenges for large institutions to run an FMT program
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that are still recovering. The 2021 updated adult IDSA guidelines have not
changed their recommendations on FMT but document these safety alerts.

Probiotics for the prevention of CDI

Studies on probiotic use in CDI are conflicting. A Cochrane database system-
atic review did find a benefit of using probiotics to prevent C. difficile-asso-
ciated diarrhea but only in hospitals with a CDI risk>5% (not the majority
of hospitals), which remained true when looking at a pediatrics subgroup as
well [40]. A randomized controlled trial showed no benefit [41], and a recent
paper using a computer-based clinical decision support tool to prescribe pro-
biotics in high-risk adults in a multicenter study again found no benefit to
using probiotics. Usage was not studied in immunocompromised patients
and is still not recommended in that population. So far, released CDI guide-
lines do not support the use of probiotics as there is not enough evidence
[42-44]. Given that there is no strong evidence of benefit from probiotics, we
do not use it routinely in our practice. If a trial of probiotics is considered, it
may be attempted in high-risk, non-immunocompromised patients.

Bezlotoxumab in pediatrics

Bezlotoxumab is the first approved monoclonal antibody against C. diffi-
cile which works by binding to toxin B [45, 46]. Bezlotoxumab is indicated
for prevention of recurrent CDI in high-risk adults, particularly in those
with three or more risk factors, but cannot be used alone for treatment. The
updated 2021 IDSA guidelines for adults also address the use of bezlotox-
umab, now recommending it in addition to standard of care antibiotics for
adult patients with a recurrence of CDI within the past 6 months, and a con-
sideration with high-risk patients on their first episode. It can be effective if
given at any time before the end of antibiotic treatment [34¢]. Currently phase
III trials are underway to study the use of bezlotoxumab in children age 1-18
(MODIFY I trial). If approved, this may be an important consideration for
high-risk patients, particularly children with IBD, severe episodes, frequent
recurrences, or ongoing antibiotic use [47].

C. difficile vaccine.

A phase III trial for a 3-dose toxoid-based C. difficile vaccine is currently
underway. The toxoid vaccine is produced by expressing genetically detoxi-
fied toxins in C. difficile and chemically removing the cytotoxicity. The tox-
oid +adjuvant form of the vaccine delivered at days 0, 7, and 30 was deter-
mined to show the most optimal immune response with acceptable safety
profile [48, 49]. Currently, the trials have only included patients age 50 or
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older (CLOVER trial) so use for pediatrics is still far in the future but may
become an essential component to preventing C. difficile.

Operative management

Operative management should be reserved for cases of fulminant colitis, as it
is associated with high mortality. Although infrequently needed in pediatrics,
current surgical recommendations for severe cases include total or subtotal
colectomy with end ileostomy, with preservation of rectum. Diverting loop
ileostomy with intracolonic lavage and aggressive medical management can
be considered in less severe cases.

Oral vancomycin prophylaxis

A recently published study supports the use of oral vancomycin prophylaxis
in pediatric patients who are at high risk for recurrence while they are receiv-
ing systemic antibiotics [50¢]. Although this has been studied and shown to
be beneficial in adults, this had not previously been studied in pediatrics. The
dosing of oral vancomycin used in this study was 10 mg/kg twice a day (up to
a max of 125 mg per dose) during concomitant systemic antibiotics and up to
5 days after completion of systemic antibiotics. A significantly lower incidence
of CDI recurrence was seen in the prophylaxis group (3% vs 25% p=0.02)
with a significant risk reduction (odds ratio of 0.10, 95% CI 0.01-0.86),
showing that oral vancomycin prophylaxis was protective [50¢]. The majority
of patients in this study had a high-risk comorbidity including malignancy,
immunosuppressed state, IBD, HSCT, and/or a feeding tube. Although this
has not been our practice at our institution, this data is compelling and oral
vancomycin prophylaxis may be useful in high-risk patients, such as those
included in the study, with a history of recurrences.

Conclusions

Incidence of both hospital and community acquired C. difficile infections has
been rising and can cause significant morbidity in pediatrics. Diagnosis of C.
difficile remains a challenge given high rates of asymptomatic colonization in
pediatrics and clinicians should have a good understanding of pediatric spe-
cific risk factors and recommended testing algorithms. New evidence-based
treatment strategies have emerged in the past 5 years supporting changes in
practice for pediatric patients, particularly those at high risk for recurrence.
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