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Abstract

Purpose of review The purpose of this review is to present the epidemiology of Clostridium
difficile infection in children and to present a number of clinical challenges in diagnosis
and therapy that are unique to the pediatric population.

Recent findings Current research has focused on novel methods of prevention and treat-
ment of C. difficile infection in children. Fecal microbial transplantation (FMT) for recurrent
C. difficile is increasingly prescribed for children, and recent data includes comparisons of
effectiveness and tolerability between methods of delivery.

Summary The incidence of C. difficile infection in children has risen in recent decades both
in healthy children and those with underlying comorbidities. Antibiotic use, acid suppres-
sive medication use, and the presence of enteric feeding tubes are well-documented risk
factors. There is no standard method of testing for C. difficile infection in children, which
complicates epidemiological tracking and detection of active disease versus asymptomatic
colonization. First-line therapy for initial infection in children is metronidazole, while
vancomycin may be reserved for those with severe infection or high risk of complications.
Recurrence of infection is frequent, and while repeat courses of antibiotics may be effective,
fecal microbial transplant should be considered a safe and efficacious alternative therapy.

@ CrossMark

Introduction

Clostridium difficile is a gram-positive, toxin-producing
bacillus that may reside in a healthy pediatricintestinal
microbiome. However, the microbial balance can tip
such that C. difficile causes diarrheal illness ranging
from mild, self-limited disease to pseudomembranous

colitis, toxic megacolon, septic shock, and even death.
The incidence of C. difficile infection (CDI) in children
in the United States (US) has risen over the last two
decades, particularly among high risk groups such as
those with inflammatory bowel disease (IBD) or cancer
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[1, 2]. However, the pathogenesis of CDI in children,
risk factors, and optimal prevention and treatment
strategies remain up for debate. The purpose of this
review is to present the epidemiology of and national
trends in CDI among pediatric patients and to present
a number of clinical challenges in diagnosis and

Epidemiology of infection

therapy that are unique to the pediatric population.
Specifically, we will address diagnostic challenges in-
cluding differentiation of active infection versus colo-
nization, the role of probiotics, and optimal treat-
ment of both healthy and high risk pediatric
populations.

C. difficile is the most common cause of health care-associated diarrhea in the
us, affecting nearly 500,000 individuals annually [3]. Incomplete reporting
and surveillance as well as variability in diagnostic testing limits our under-
standing of true incidence of CDI. CDI is categorized as community acquired or
nosocomial, which is subtyped into healthcare onset (during hospitalization)
or healthcare-associated (within 4 weeks of discharge) [4].

The Centers for Disease Control began active surveillance of CDI for 10 US
locations in their Emerging Infections Program in 2009. Using these data, Lessa
et al. estimated the national incidence of CDI across age groups. Children ages
1-17 years had an incidence of community acquired CDI of 17.9/100,000 and
nosocomial CDI incidence of 6.23/100,000 [3¢]. Annual reports from this
program have indicated rising incidence of CDI. In 2015, the incidence among
children aged 1-17 years for community-acquired, and nosocomial CDI were
23.45/100,000 and 7.45/100,000 persons, respectively [5].

Recently, Pant et al. reviewed 7,070,485 discharges from the Healthcare Cost
and Utilization Project Kids' Inpatient Database (HCUP-KID). They reported an
increase in CDI diagnosis from 24/10,000 discharges in 2003 to 58/10,000 in
2012. The largest percent increase was 181% in the > 15-year group and the
highest overall prevalence was in the 1-4-year group [6, 7]. C. difficile testing
rates were not reported in this study.

The BI/NAP1/027 strain of C. difficile has been responsible for outbreaks and
severe disease in adults and has been cited as a reason for the observed increased
CDI incidence in the US [8]. It has been reported in at least two North American
cancer center’s pediatric populations [9, 10], but not necessarily with more
severe or outbreak disease patterns. Other reports have investigated and not
found the strain in pediatric populations [10, 11]. The exact etiology of the
increased incidence remains unclear.

It is important to recognize the associated cost of CDI. A retrospective review
using the Kids’ Inpatient Database (KID) reviewed 313,664 children undergo-
ing thoracic or abdominal surgery in the years 2003, 2006, 2009, and 2012. The
estimated mean excess duration of stay associated with CDI was 5.8 days and
$12,801 per patient [12].

Epidemiology of colonization

To better understand risk of CDI, asymptomatic pediatric colonization rates are
worth review. C. difficile carriage rates have been reported since the 1980s with 2—
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Pathogenesis

90% of neonates and infants testing positive for C. difficile depending on duration
of inpatient nursery stay and method of testing [13-15]. Colonization is likely
due to environmental exposure, as higher incidence correlated with duration of
nursery stay, and there was no evidence of maternal-fetal transmission [13].

Recent studies report C. difficile carriage rates in children 0-2 years
ranging from 16 to 33.7%, with subsequent declines after age 2 years to
<5%, the estimated adult carriage rate [16-19]. Protective factors against
colonization in early life include breastfeeding, while risk factors include
the presence of a pet dog [16].

Despite high carriage rates, there are few reports of symptomatic CDI in
infants <12 months [20]. The host defense mechanism preventing CDI in
infants is not well understood. It has been proposed that the absence of
receptors to toxin A and toxin B precludes active infection [21, 22].

Risk factors

C. difficile is a resilient, spore-forming organism resistant to heat and most
common disinfectants. It is transmitted via fecal-oral route from environmental
exposure. Exposure may come from contaminated food products, though no
food-borne outbreaks have been reported [23].

Following colonization of the lower gastrointestinal tract, C. difficile causes
disease by producing toxin proteins, toxin A (TcdA) and/or toxin B (TcdB).
These toxins bind to receptors on the plasma membrane of the colonocyte. The
toxins are then internalized and inactivate Rho guanine triphosphatases, which
results in cytokine production, disruption of the epithelial barrier, and cell
death [8]. The resulting inflammation and cellular destruction cause the symp-
toms of CDI including diarrhea with or without pseudomembranous colitis,
the classic endoscopic finding with diffuse erythema and purulent exudate.

Response to C. difficile is influenced by the virulence of the strain as well as
host defense mechanisms. Interestingly, infantile asymptomatic colonization by
C. difficile has been shown to produce a robust, durable Immunoglobulin G
antitoxin to TcdA and TcdB that may ameliorate risk of infection later in life [24].

CDI risk factors in adults are well established and include advanced age,
antibiotic use, acid suppression, and severe underlying chronic disease [25].
Similarly, pediatric risk factors include antibiotic use, proton pump inhibitor
(PPI) use and to a lesser extent histamine 2 (H2) blocker use, the presence of an
enteric feeding tube, chronic conditions such as IBD, cancer, and history of solid
organ transplant [26].

Community acquired CDI risk factors

A large retrospective case control study from 2001 to 2013 using the military
health system database (MHS) found 1331 children with CA-CDI. This study
demonstrated significant increased risk with antibiotic use, as well as PPI and
H2 receptor antagonist use. There was a slightly increased risk (adjusted OR
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1.22) with corticosteroid use and no increased risk of CA-CDI in those with a
sibling < 1 year of age. Recent outpatient health care visits had an adjusted OR
of 1.35 [27]. As expected, there was increased risk associated with increased
number of antibiotic class exposures (6.07 for 1 class, 38.53 for 3 classes).
Importantly, of the 1331 cases of CA-CDI identified, approximately 40% had
no recent antibiotic exposure. This percent closely aligns with previous data in
an emergency room setting reporting 43% of CA-CDI cases identified in the ED
with no history of antibiotic exposure [28].

These data highlight two points. First, clinicians must carefully weigh the
risks and benefits of antibiotics and acid suppression. Acid suppressing medi-
cations are over the counter, but they are not without long-term consequence
and should not be used with abandon. Antimicrobial stewardship programs
have increasingly grown in number and influence in pediatric hospitals, but the
burden of judicious use of acid suppressing medications in children lies in the
hands of the general pediatrician, hospitalist, and gastroenterologist. To this
end, the American Academy of Pediatrics (AAP) specifically recommends edu-
cation and reassurance, and not acid suppression, for physiological reflux that is
effortless, painless, and not affecting growth [29]. Implementation of
evidenced-based guidelines for PPI and H2 blocker use in the Neonatal Inten-
sive Care Unit setting have also been shown to be effective at decreasing acid
suppression use [30]. Further work is needed in this area.

Special populations

While CDI in healthy children has risen in the past two decades, certain
populations are particularly susceptible.

Pediatric patients with newly diagnosed IBD have a baseline prevalence of
CDI of 8-47% [31, 32]. Children with IBD also suffer from a greater risk of
recurrence. A retrospective case control study of pediatric inpatients reported a
34% CDI recurrence rate for those with CDI and IBD as compared with a
recurrence rate of 7.5% in those with CDI alone [33].

Why are those with IBD at increased risk of C. difficile infection? IBD is
associated with significant gastrointestinal dysbiosis, or microbial imbalance, as
measured by decreased diversity and richness. Decreases in beneficial
Bacteroidetes and concurrent increases in detrimental Proteobacteria may per-
sist despite clinical remission and mucosal healing [34]. A similar pattern of
dysbiosis is also seen in non-IBD patients with recurrent CDI [35]. Host factors
such as genetic susceptibility [36], immune suppression, and neutrophil dys-
function may also play a role in increased susceptibility. Further research is
needed in this area.

Another population of interest includes patients under significant immuno-
suppression without underlying enteritis. This includes the pediatric cancer
population as well as the solid organ transplant population. A multicenter
study reviewed first time hospitalizations for malignancy at 43 centers. Antibi-
otic exposure, PPI, and chemotherapy within the past 2 weeks were noted to
confer increased risk of CDI [27].

A retrospective study from 2010 to 2013 reported single center data on CDI
in pediatric solid organ transplant (SOT) recipients [37]. Overall, they found
that 104/202 SOT recipients were tested, and of those 25 were positive for C.
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difficile. Liver transplant recipients had the highest incidence of CDI at 18.4%.
Notably, they did not find a correlation of increased C. difficile with antibiotic
exposure, prior hospitalization, or calcineurin inhibitor type. Steroid dose was
not reported. PPI use was found to have a modest protective effect in this
population.

These studies highlight at-risk populations that may have frequent exposures
to the health care system. Further, large scale prospective data is needed to
define the interplay between immunosuppression, antimicrobial use, the
microbiome, and C. difficile susceptibility.

Who to test
-

The general pediatrician will often encounter a healthy child with acute
diarrhea, defined as greater than three unformed stools daily. CDI testing
should be considered in a child or adolescent with diarrhea not clearly
explained by alternative diagnoses, especially if risk factors are present. The
AAP recommends testing infants <12 months only in outbreak situations
or situations of severely altered gut motility, such as in Hirschsprung's
disease [38]. Testing between ages 1 and 3 years should be done judicious-
ly to avoid ascribing CDI to a patient with an alternative cause of diarrhea
and C. difficile colonization. Patients with underlying conditions which
may result in higher morbidity and mortality deserve a higher index of
suspicion. Because C. difficile can be detected in the stool for many weeks
after effective treatment, test of cure is not recommended [38].

How to test (Fig. 1, Table 1)

C. difficile testing in the last decade has undergone a major shift. The gold
standards for CDI diagnosis are toxigenic cell culture to detect the organism,
or cell cytotoxicity assay to detect presence of toxin A or toxin B [39]. These tests
are labor intensive and time consuming, thus limiting their clinical applica-
tions. Currently, most laboratories perform either toxin detecting enzyme im-
mune assay (EIA) or toxin gene detecting nucleic acid amplification testing
(NAAT) using polymerase chain reaction (PCR). The utility of EIA for toxin(s) is
limited by variable sensitivity (0.73-0.87) but high specificity (0.98-0.99) [39].
Toxin gene NAAT has excellent sensitivity (0.87-0.92) and specificity, (0.94-
0.97) [39] but may detect asymptomatic colonization as it detects toxin gene
presence and the potential for toxin production only. EIA for glutamate dehy-
drogenase (GDH) is an additional test that can be performed to detect antigen
present on all strains of C. difficile. Because GDH is present on toxigenic and
non-toxigenic strains alike, it cannot be used to diagnose CDI, but can be used
to confirm the absence of C. difficile [39].

Testing modality has implications for CDI detection and treatment on a
patient level, but also broad implications for CDI surveillance. The shift from
EIA-based testing to NAAT testing makes it difficult to compare incidence year
to year, as some changes are likely the result of NAAT detection of colonization
(false positive). For example, a large European study published in 2016 evalu-
ated the CDI positivity rate at 60 hospitals across France, Italy, and the UK. The
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Symptomatic patients >3 years of age
or

If < 3 years, with known risk factors for CDI

**EIA testing has
variable sensitivity

‘i GDH+ H NAAT+ NAAT- EIA + EIA -
| NAAT+ | | NAAT- |
A
v
CDI CDI CDI DI Consider further
Negative Positive* i ing if hi
g v Negative Positive . testing if hllgl.m
index of suspicion
CDI CDI negative,
Positive* non-toxigenic

strain
present

*May also indicate colonization. Only test when C. difficile infection suspected.

Fig. 1. Interpretation of C. difficile test results. *May also indicate colonization. Only test when C. difficile infection suspected.

CDI positivity rate was 2.5-fold higher when methods not directly detecting
toxin were used [40].

Many labs try to prevent false positives by accepting only liquid stool
samples—an indication the patient is actively experiencing diarrhea. Other labs
employ a two-step process beginning with EIA for GDH followed by EIA for
toxin(s) or NAAT for toxin gene(s) if the GDH test is positive. This has been shown
to be an effective testing strategy, with perhaps reduced cost compared to universal
NAAT testing [41]. To date, there is no standard process for CDI testing in children.

Some adult and pediatric hospitals have opted to implement testing algo-
rithms or computerized decision support tools to help care providers order testing
on appropriate patients. For example, one such decision support tool in an adult
hospital flagged patients currently on laxatives for whom C. difficile testing had
been ordered [42]. In pediatrics, an age-based alert system which notified pro-
viders of the AAP testing guidelines for any child < 36 months was implemented
in a US emergency room from 2012 to 2013. This clinical alert decreased testing in
the < 12 months age group from 11.5 to 1 per 10,000 patient days [43].

The question of true positive versus false positive (i.e., active infection versus
colonization) is particularly challenging in pediatrics. As discussed, age, symp-
toms, and risk factors should guide testing. To augment the ability to discern
true infection, a variety of biomarkers have been studied in the setting of CDI.

Fecal calprotectin is a neutrophil product that can be measured in
stool as a marker of intestinal inflammation. Multiple adult studies have
shown that elevated fecal calprotectin correlates with increased CDI
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Table 1. C. difficile testing methods

Testing method Sensitivity Specificity Substance Pros Cons
[39] [39] detected
Toxigenic cell Gold Positive culture C. difficile cells Gold standard Not widely
culture standard requires direct or spores for organism available
toxin testing detection Labor intensive,
to confirm requires expertise
toxigenic Time consuming
strain (minimum
24-48 h)
Cell cytotoxicity 0.94-1.0 0.99 Toxin Gold standard Not widely
assay for toxin available
detection Labor intensive,
requires expertise
Time consuming
(minimum
24-48 h)
Enzyme immune 0.73-0.87 0.98-0.99 Toxin Rapid Variable
assay (EIA) for performance
toxin
Enzyme immune 0.88-0.92 0.89-0.93 C. difficile Rapid Insufficient for
assay for antigen CDI diagnosis
glutamate (from both alone.
dehydrogenase toxigenic and Requires
(GDH) non-toxigenic confirmatory
strains) testing
Variable
performance
Nucleic acid 0.87-0.92 0.94-0.97 C. difficile Rapid assay Expensive
amplification toxin genes with high compared to
testing (NAAT) sensitivity and EIA
(polymerase chain specificity Does not
reaction (PCR) or differentiate
loop-mediated between
isothermal colonization and
amplification true infection
(LAMP))
Two-step algorithm 0.91-0.98 0.96-0.98 See above Rapid Requires two
(GDH followed by Lower cost steps
NAAT if GDH compared to
positive) NAAT testing

on all patients

severity and may assist in detecting colonization versus infection [44, 45],
but data is limited in pediatrics. In children, fecal levels of lactoferrin,
another widely used biomarker of intestinal inflammation, and cytokines
IL-8 and CXCL-5 have been shown to be elevated in the setting of
diarrhea, but they are not specific to CDI. Further, C. difficile bacterial
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load seems to play no role in the pathogenesis [46]. Currently, these
adjunct tests are not considered reliable for differentiating colonization
from CDI.

Prevention

A recent large Cochrane meta-analysis of both adult and pediatric data suggests
the use of probiotics to prevent C. difficile in patients receiving antibiotic therapy
may be beneficial, with the most benefit in high risk groups (baseline risk > 5%)
[47¢]. This group had a risk reduction of 70%. However, the overall pooled risk
in those receiving probiotic was not significantly decreased (risk ratio of 0.86
(95% CI .67 to 1.10). In this report, Saccharomyces boulardii or Lactobacillus
Acidophilus + Lactobacillus Casei at a dose of 10-50 billion CFUs per day were
reported as most effective [47¢]. Small studies have indicated some promise for
cholestyramine in preventing infection for adults on chronic antibiotics, and
Kefir, a liquid yogurt drink, combined with staggered antibiotics, helped a small
number of patients avoid recurrence of CDI [48, 49]. Further prospective
pediatric studies are needed to fully explore the risk and benefits of probiotic
use to prevent CDI.

Treatment (Table 2)

The treatment of CDI is an evolving topic, particularly in children where US
Food and Drug Administration (FDA) approval and clinician familiarity may
lag behind adult practice. Given the rising incidence and awareness of CD], the
menu of treatment options is expanding.

Currently, the AAP recommends discontinuation of antimicrobials as the
first step in treatment of CDI [38]. Initial treatment for mild CDI is metronida-
zole 30 mg/kg/day in four divided doses for 10-14 days [38]. Metronidazole is
approved for anaerobic bacterial infections at any age, not specifically for CDI,
but it is the first-line choice because of low cost, ease of acquisition, and the
emergence of vancomycin resistant enterococcus (VRE). If CDI recurs after
effective treatment, retreatment with metronidazole is recommended. If metro-
nidazole is ineffective, CDI recurs a second time, or if there is severe disease at
any time, oral vancomycin is the treatment of choice [38]. In children with
underlying neutropenia, bowel stasis such as that found in Hirschsprung's
disease, or IBD, vancomycin may be considered as first line treatment [55].
Oral vancomycin is typically administered 40 mg/kg/day in four divided doses
(maximum 2 g/day) for 10-14 days. In adults, the standard dose is 125 mg four
times per day, but weight-based recommendations can be used in more severe
infections. In the setting of inability to tolerate oral antibiotics, intravenous (IV)
metronidazole may be used with the addition of vancomycin via enema [4].
Vancomycin should not be administered IV for CDI. In adults, recent guidelines
now recommend vancomycin as first line treatment for initial CDI, but this
recommendation has not been made specifically in pediatrics [56].

In cases of multiple recurrences, there are several options for treatment. One
option is a vancomycin pulsed taper, which includes reducing the number of
doses per day after a standard course of vancomycin each week and then giving
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Table 2. Treatment options for C. difficile infection

Initial infection
Metronidazole (mild to
moderate CDI)

Vancomycin (severe CDI,
IBD, immunosuppressed,
Hirschsprung’s)

Fidaxomicin (severe CDI,
older adolescents,
vancomycin not
available)

First recurrence

Metronidazole
or

Vancomycin
or

Fidaxomicin

Second recurrence

Vancomycin
or

Fidaxomicin

Third recurrence

Consider FMT versus repeat
antibiotic courses

*Primarily adult data
?Openbiome: www.openbiome.org
Pwww.goodrx.com

Dosing regimen *Efficacy Cost®

Oral 30 mg/kg/day divided every 72% [50]-90% [51] $13.87 per course
6 h for 10 days (max dose
2 g/day)

Oral 40 mg/kg/day divided every 79% [50]-89.8% [49] $225.57 per course
6-8 h

for 10 days (max dose
2000 mg/day)
200 mg twice daily for 10 days 92.1% [49] $3600 per course

As above, repeat course
As above, repeat course 91.6% [52]

As above, repeat course 93.7% [52]

Pulse/taper after vancomycin
course:
125 mg BID for 7 days
125 mg once daily for 7 days
125 mg every 3 days for 14 days
Oral 200 mg BID for 10 days
or
Pulse/taper after vancomycin course:
200 mg daily for 7 days
200 mg every other day for 7-26 days

15 caps by mouth for 2 days or ~54-94% [53, 54]° Endoscopic delivery®:
endoscopic delivery $485 per dose
Capsules: $635 per
dose

“pulse” doses separated by 1-3 days. This regimen, somewhat lacking in
evidence, is thought to allow C. difficile spores to convert to vegetative state in
between doses, and then these non-spore organisms are killed with “pulse”
doses. For example, for an adolescent, one could prescribe a standard course of
vancomycin, 125 mg four times daily for 14 days, then 125 mg twice daily for
7 days, then 125 mg once daily for 7 days, then 125 mg every other day for
7 days, then 125 mg every 3 days for 14 days.

Several newer drugs are being studied in the pediatric population. One such
drug is fidaxomicin, a narrow spectrum macrolide antibiotic approved for
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treatment of CDI in adults in 2011. In adults, fidaxomicin has been reported to
have lower rates of CDI recurrence [57, 58]. Recently, a small phase 2a multi-
center pediatric trial reported on the safety and efficacy of fidaxomicin in
children ages 11 months to 17 years. The drug, dosed at 16 mg/kg/day (max
dose 200 mg) twice daily for 10 days was overall well tolerated and showed a
response rate of 92% and sustained response (no recurrence within 28 days) of
65.8% [59].

Following a course of vancomycin, pulse-tapered fidaxomicin with daily
doses for 1 week and every other day doses for 1-4 weeks increased symptom
free interval and outperformed a “chaser” course of fidaxomicin using standard
dosing for 10 days [60]. Notably, both groups still had significant recurrence
rates, around 17% for the group receiving pulse-tapered dosing and 38% for the
chaser cohort.

Nitazoxanide and rifaximin are other antibiotics that have also been used to
treat CDI with promising evidence of effectiveness in adults [61], but limited
data in children. Novel treatments in the pipeline of development include new
CDI-directed antibiotics, monoclonal antibodies to C. difficile toxins, and vac-
cines that would incite production of antitoxin antibodies [61, 62].

Fecal microbiota transplantation

Despite increasing antibiotic options for CDI, there still remains a high rate of
recurrence in children and a need for additional safe, efficacious therapies. Fecal
microbiota transplantation (FMT) has been a topic of great interest in recent
years with speculation that FMT may be a panacea for all disease. While broad
FMT applications are at a nascent stage, there is clear benefit in recurrent CDI
[63]. The premise of FMT is to restore the intestinal microbiome to a healthy
state (that of the donor), such that C. difficile does not regain or expand its
foothold.

To date, the majority of literature reports on FMT outcome and experiences in
adults, though there are several series reporting experience with children, and
many centers now offer FMT [53]. In a recent review that compiled 45 reported
cases of pediatric FMT for CD], including in 13 patients with IBD, 89% of children
had symptom improvement after administration, with relapse seen in 4% [63].

Donor stool is typically obtained from a known donor (family or friend) or
a donor stool bank. The American Gastroenterological Association provides a
guide for screening and testing potential donors to prevent transmission of
communicable disease [54]. Both institutional and commercial stool banks
may be used. The largest commercial stool bank is a non-profit stool bank
called OpenBiome. Cost of commercial stool for FMT is approximately
$485-$635 per dose, depending on liquid versus capsule formulation (www.
openbiome.org). The treatment is currently indicated in the setting of second or
third C. difficile recurrence.

FMT can be administered via many routes [54]. Upper GI tract delivery can
be accomplished with oral, frozen capsules given as 15 capsules daily for 2 days,
via feeding tube or during upper endoscopy. Lower GI tract administration is
typically done via colonoscope into the cecum or most proximal portion of the
colon reached safely, but may also be effective via retention enema [64]. FMT is


http://www.openbiome.org
http://www.openbiome.org

C. difficile Infection in Children: What's New?  Hellmann and Mallon 265

preceded by a course of vancomycin, which is stopped 1-2 days prior to
transplant.

Oral, frozen capsule use led to cure, defined as resolution of diarrhea
without need for repeat treatment or surgery for 8 weeks, in 82% after 1
treatment and 91% after a second treatment. [65]. One benefit to this route of
administration is the avoidance of anesthesia and the discomfort associated
with nasogastric (NG) tube placement. However, in children, the ability to
swallow capsules, let alone 15 capsules per dose, may limit the application of
this FMT method to older, highly motivated children.

Alternatively, donor stool can be instilled via NG, gastrostomy, or
gastrojejunostomy tube. Approximately 30 mL of liquid stool is delivered in
one dose. This is typically done in clinic, again avoiding the risks of anesthesia.
Treatment efficacy in adults has been reported at 85.3% with a recurrence rate of
5.9% [66]. In children, a nurse led FMT program in children described FMT in
42 children with recurrent CDI with and without underlying comorbidities.
One patient ingested oral capsules and was treated successfully. Of the other 41
patients, cure was reached in 94% of healthy children, 75% of those with
underlying chronic conditions, and 54% in those with IBD [67]. Donor stools
were obtained through donor stool banks. This method of delivery was noted to
be low cost compared to colonoscopy.

Lastly, FMT material can be delivered endoscopically, via gastroscope
into the stomach or duodenum, or more typically, via colonoscope.
Colonoscopic delivery entails the child undergoing a bowel prep followed
by colonoscopic delivery of approximately 200-300 mL to the cecum or
throughout the colon. This method allows the patient to have no aware-
ness of the procedure as it takes place, but requires significantly more time
and preparation. Efficacy of colonoscopic delivery is somewhat better than
that of NG and oral administration with reported cure rate of 93.2% and
recurrence rate of 5.4% [66].

Adverse events reported with FMT include vomiting, diarrhea, nausea, and
fever [63, 67]. No serious adverse outcomes have been reported in children.
Serious adverse outcomes in adults include IBD flare, infection, the develop-
ment of autoimmune disease, and procedural related complications including
one death due to aspiration during colonoscopy [68].

Given the favorable side effect profile and efficacy comparable to or superior
to antibiotic treatment, FMT is likely to emerge as increasingly used therapy.

Conclusion

CDl is an increasingly common entity in children with and without underlying
risk factors. Physicians should play an active role in decreasing risk through
judicious prescription of acid suppressants and antibiotics. CDI testing should
be done only when the clinician has a high index of suspicion for symptomatic
disease, and clinical decision support tools and/or testing algorithms can help
identify and test appropriate patients. Testing methods are hospital-dependent,
but should be interpreted based on pre-test probability. Lastly, many patients
will be successfully treated with an initial course of antibiotics, while others may
develop a recurrent or refractory course. When available, FMT should be
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considered a safe and efficacious treatment option for recurrent CDI. No doubt
the next decade will bring further insight into disease pathogenesis, risk factors,
and treatment options.
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