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Abstract

Objectives—Clostridium difficile, a common cause of antibiotic-associated diarrhea, has been
reported to recur in high rates in adults. The rates and risk factors for recurrent Clostridium
difficile infection (rCDI) in children have not been well established.

Methods—We conducted a retrospective cohort study of 186 pediatric patients seen at a tertiary
care referral center over a 5-year period diagnosed with a primary infection with Clostridium
difficile. Children with recurrent disease, defined as return of symptoms of Clostridium difficile
infection and positive testing 60 days after the completion of therapy, were compared to children
who did not experience an episode of recurrence.

Results—Of the 186 pediatric patients included in this study, 41 (22%) experienced recurrent
Clostridium difficile infection. On univariable analysis, factors significantly associated with
recurrent Clostridium difficile infection included malignancy, recent hospitalization, recent
surgery, antibiotic use, number of antibiotic exposures by class, acid blocker use,
immunosuppressant use, and hospital acquired disease. On multivariable analysis, malignancy
(OR=3.39, 95% CI=1.52-7.85), recent surgery (OR=2.40, 95% CI=1.05-5.52), and the number of
antibiotic exposures by class (OR=1.33, 95% CI=1.01-1.75) were significantly associated with
recurrent disease in children.
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Conclusions—The rate of recurrent Clostridium difficile infection in children was 22%.
Recurrence was significantly associated with the risk factors of malignancy, recent surgery, and
the number of antibiotic exposures by class.
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Introduction

Clostridium difficile, a spore forming gram-positive bacillus, is the most frequent cause of
antibiotic-associated diarrhea.! Although children have not previously been known to be at
high-risk for Clostridium difficile infection (CDI), recent studies have demonstrated that
CDI is currently on the rise in children in both inpatient and outpatient settings.? 3 In the last
ten years, the rate of pediatric hospitalization with CDI has nearly doubled.*

In adults the treatment of CDI is complicated by a very high rate of recurrent disease, with
estimates of 20-30% of patients experiencing a recurrence, and multiple occurrences
associated with increasing morbidity.>~’ Prior studies in adults have demonstrated that after
a single episode of recurrence, 45 to 65% of patients will have repeated episodes of CDI that
may continue over a period of years.® %9 Recurrent CDI (rCDI) is often poorly responsive
to treatment, requiring additional medications, longer courses of therapy, additional in-
hospital contact procedures, substantially increased medical costs, as well as increased risk
of morbidity and mortality. In one study, the treatment of recurrent episodes of CDI required
an average of 265 additional days/patient of vancomycin and 19.7 days/patient of
metronidazole.® The additional medical care and costs associated with rCDI are substantial.

Studies have begun to define important risk factors for rCDI in adults. A meta-analysis
identified age greater than 65 years old, the use of concurrent antibiotics, and the use of
gastric acid suppressants to increase the risk of rCDI in adults.!? Other studies have
identified low serum anti-toxin antibody levels and hospital exposures as important risk
factors for recurrence.! =13 Recent attempts have been made to create a clinical risk
prediction model in adults to help determine the risk of recurrent disease at the time of the
initial contact with a healthcare worker.'# There is a paucity of data, however, regarding risk
factors for rCDI in children. While concurrent antibiotics and community-associated CDI
were recently shown to be associated with an increased likelihood of rCDI in a pediatric
population, !> a comprehensive assessment of host factors that govern rCDI risk is needed.
The purpose of the current study is to identify independent risk factors for rCDI in children
using rigorous statistical methods applied to a retrospective cohort from a large tertiary care
children’s hospital.

Methods

Patient Selection

With institutional review board exemption, a pediatric cohort was retrospectively compiled
of 295 patients who had an episode of CDI based on positive laboratory testing at Monroe
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Carell Jr. Children’s Hospital at Vanderbilt (MCJCHV) from January 1, 2007 through
December 31, 2011, in both inpatient and outpatient settings. The episode of CDI was
confirmed to be the primary infection, and not a recurrence, through review of the medical
record. The outcome of interest was rCDI, defined as a recurrence of symptoms and positive
testing for C. difficile occurring 60 days from the completion of the primary treatment for
CDI.

During all but the last two months of the study period, laboratory testing for C. difficile
consisted of an enzyme immunoassay for toxin (Meridian Bioscience Premier). In
November 2011, DNA amplification (Illumigene C. difficile assay, ARUP laboratories) was
begun.

Eligible patients were between the ages of 12 months to <18 years with medically
documented diarrhea and confirmatory C. difficile laboratory testing. The description of
diarrhea needed to include >1 episode of stooling in a 24 hour period with stools described

9 <

as “loose,” “watery,” or “unformed.” Children less than 12 months of age were excluded
from the study due to the known high rate of asymptomatic colonization in this

demographic.10

Patients were excluded from the study if they were missing follow-up information after 60
days of completion of therapys; if they were not treated for primary CDI; if they died during
the follow-up period; or if they were treated for an episode of rCDI without the presence of
diarrhea and/or laboratory confirmation. Furthermore, patients were excluded if they were
treated with an antibiotic known to be effective against C. difficile for a non-C.difficile
indication during the follow-up period.

The type of CDI was classified per standard definitions as healthcare facility-onset,
healthcare facility-associated (HO-HCFA); community-associated Clostridium difficile
associated disease (CA-CDAD); community onset, healthcare facility-associated disease
(CO-HCFA); and indeterminate.!”

After inclusion and exclusion criteria were carefully considered, 186 subjects out of the 295
patients with CDI were included in the study. The final selection of the cohort is illustrated
in Figure 1.

Data Collection

We collected demographic data for the 186 subjects in the cohort. In addition, we
specifically collected patient comorbidities, hospitalizations, surgeries, and medication use.
Hospitalizations and surgeries were identified 60 days prior to the onset of symptoms of
CDI. Medication use was collected for 30 days prior to the onset of symptoms of CDI with a
focus on antibiotic, immunosuppressant, and acid blocker use. In patients that received
antibiotics during the 30 day period, the number of classes of antibiotics that were used
during this time was also collected. Characteristics of the initial infection, including
complications and treatment, were obtained. All data were collected from the comprehensive
electronic medical record system at Vanderbilt, which includes all inpatient and outpatient
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encounters, as well as records sent to Vanderbilt from other non-Vanderbilt clinics and
hospitals.

Data were managed using REDCap (REDCap software, Vanderbilt University)!8 and
analyzed using Stata (Stata Corp., College Station, TX) and R (R Core Team, Vienna,
Austria).

Data Analysis

Patients with and without rCDI were compared using Pearson’s Chi-squared test for
categorical data and Wilcoxon rank-sum test for continuous data.

We pre-specified 11 major predictors that we hypothesized would be related to the risk of
recurrent disease in children due to their presence as risk factors for either primary disease in
children or adults or recurrent disease in adults.!0- 192! These predictors included the use of
the following medications in the 30 days prior to symptom onset: antibiotics (both as a
dichotomous variable and the number of classes), acid blockers (including H2 receptor
antagonists and/or proton pump inhibitors), proton pump inhibitors (PPIs) alone, and
immunosuppressants. We predicted that patients with HO-HCFA disease or a hospitalization
or surgery within a 60-day period prior to symptom onset would be at higher risk of rCDI as
well as those with a diagnosis of malignancy or the presence of a feeding tube. Finally, we
hypothesized that the absence of fever at the time of symptom onset would increase the risk
of recurrent disease. This hypothesis was based on the association of low serum antibody
response to toxin A and increased risk of rCDI.!3 We hypothesized that those patients with a
less vigorous immune response, demonstrated by the absence of fever, would be therefore
more likely to have low level antibodies and higher risk of recurrence.

The number of potential predictors relative to the number of outcomes in our dataset was too
large to use traditional approaches for building a multivariable logistic regression model.
However, single predictor models did not allow us to control for confounding variables and
estimate adjusted odds ratios. To overcome this limitation, we used a generalized elastic net
regression to build a multivariable logistic regression model?2- 23 with the optimal number
of predictors. The elastic net allows for fitting a multivariable model that includes a penalty
for the number of predictors in the model so as to favor models in which several of the
coefficients can be zero. In particular, we used a lasso penalty with leave-one-out cross
validation to estimate the penalty parameter, and we report results using the penalty that
gave the best cross-validated fit (smallest binomial deviance).

3 we report the odds ratio from a traditional

Following the approach of Wu and colleagues,?
multivariable logistic regression model using the predictors selected by the elastic net. We
also give the leave-one-out index (LOO index), which is calculated using the likelihood ratio
test to compare the model containing all predictors to a model with one predictor removed.
The LOO indices are similar to a p-value in that smaller values indicate stronger statistical
significance, but are not valid p-values because they ignore the complex model fitting used
to select a final model. LOO indices are nonetheless useful in understanding the adjusted

associations between the predictors retained in the final model.
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Of 186 subjects in the cohort, 41(22%) experienced an episode of rCDI. Of these 41
patients, 13 (32%) had multiple recurrences, four of which had three episodes of rCDI.

In our study population, 53% of the patients were male, and the median age was 7 years.
Nearly 80% of the patients were Caucasian. Patient characteristics are summarized in Table
1. There were no statistically significant differences between the groups with respect to age,
gender, or race. The majority (89%) of the 186 patients had at least one identifiable
comorbidity, with the most common being malignancy (40%), stem cell transplant (15%),
gastroesophageal reflux disease (13%), asthma (11%), inflammatory bowel disease (11%),
and TPN dependence (11%). (See Supplemental Digital Content Table 1 for detailed list).
Patients with an episode of recurrence were more likely to carry a diagnosis of malignancy
(71% of cases, 30% of controls, p<0.001) and less likely to carry a diagnosis of asthma (2%
of cases and 14% of controls, p=0.043). There was no statistically significant difference in
the remainder of comorbidities. At the time of primary CDI, 149 (80%) of the patients were
inpatients and 37 (20%) were outpatients. Based on the accepted definitions of CDI,
71(38%) had HO-HCFA, 57 (31%) had CA-CDAD, 47 (25%) had CO-HCFA, and 11(6%)
had indeterminate disease.

All patients were required to have diarrhea as specified in the inclusion criteria. Twenty-one
patients (11%) had diarrhea alone, while 49% also had fever, 50% had abdominal pain, 55%
had tachycardia, 37% had vomiting, and 25% had grossly bloody stools. There were 10
CDlI-related complications during the episode of primary CDI and these included: toxic
megacolon (N=2), pseudomembranous colitis (N=3), the need for a surgical intervention
(N=1), and the need for an ICU admission related to CDI (N=4). No patients died in the
cohort due to complications from CDI.

The majority of patients received metronidazole monotherapy for primary CDI (93%). Of
the remainder, ten patients received combination therapy with both metronidazole and oral
vancomycin, and 3 patients received monotherapy with oral vancomycin.

We analyzed the 11 pre-specified predictors to determine their relationship with rCDI (Table
2). On univariable analysis, factors significantly associated with rCDI included the
following: antibiotic, immunosuppressant, and acid blocker use during the 30 days prior to
symptoms onset, the total number of antibiotics by class used at any time in the 30 day
period, recent hospitalization, recent surgery, malignancy, and HO-HCFA.

Results obtained from the multivariable elastic net modeling procedure are presented in
Table 3. Each of the 11 predictors in Table 2 were considered for potential inclusion, and a
model with four predictors (malignancy, recent surgery, presence of a feeding tube, and the
number of antibiotic exposures by classes) was selected as having the best cross-validated
fit. For these predictors, the odds ratios from unadjusted, adjusted, and lasso-penalized
logistic regressions (lasso OR) are presented. We also give the LOO index which describes
the association of each predictor with recurrence after controlling for the other three
predictors in the model. Malignancy is most strongly associated with the odds of recurrence
with an odds ratio of 3.39, and it has the smallest LOO index, indicating that it is the
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strongest adjusted association with recurrence. Feeding tube presence was associated with
recurrence but had a higher LOO index indicating that it provided relatively little additional
information on the odds of recurrence after accounting for the other predictors in the model.
For all predictors, the lasso OR is closer to 1 than the adjusted odds ratio, which is expected
because it adjusts for the complex model fitting process.

Discussion

For pediatric patients, we identified three main statistically significant predictors of rCDI,
listed in order of importance: malignancy, recent surgery, and the number of antibiotic
classes to which the patient was exposed. While antibiotic exposure is a shared risk factor
among adults and children, the other predictors are novel risk factors in children. As
opposed to previous adult studies,?* 23 we did not identify an association between use of
PPIs and rCDI in children. Also notable, the majority of patients in our study with CDI had
an identifiable comorbidity. As opposed to adult studies where age >65 is an independent
risk factor regardless of comorbidities, it appears that in children, the presence of a
comorbidity may be the more important factor in risk of both primary and recurrent disease.

Malignancy was identified as the most important risk factor for rCDI in our pediatric
population (adjusted OR=3.39, 95% CI=1.52-7.85). Patients with malignancy have been
identified as high risk for primary C. difficile disease. A recent study highlighted that
pediatric oncology patients had the highest incidence of CDI as well as the highest increase
in incidence over a 5 year period from 2006 through 2011.26 Our study is the first to
demonstrate that these patients are also at the highest risk of recurrent disease.

An insufficient host immune response is likely an important factor in the development of
rCDI. In adults, those with lower levels of serum IgM and IgG against toxin A are more
likely to experience recurrence.!? Although patients with malignancy are more likely to
have the other predictors analyzed by our study, our models demonstrated that malignancy
remained an independent risk factor for rCDI. Of course, it is difficult to truly measure the
burden of risk factors that may place pediatric patients with malignancy at heightened risk of
rCDI. The degree of medication use and hospital exposures in these patients can be
substantial. Although our statistical modeling will account for an additive effect of measured
exposures, the cumulative effects may be difficult to fully delineate. It is notable however,
that our study demonstrated low rates of both primary CDI and rCDI in children with cystic
fibrosis despite the fact that these children also have high rates of antibiotic use and hospital
exposures. Also notable, the 2012 study that demonstrated increased rates of CDI in children
with malignancy did not demonstrate the same increases in CDI in hospitalized patients with
inflammatory bowel disease or immunocompetent hospitalized children, again suggesting
that there is something unique about the risk of CDI in children with malignancy outside of
hospital exposures.2® Future studies should explore the degree and duration of medical
encounters in patients with CDI to better address this important question.

Our study also identified a surgical procedure in the 60 days prior to onset of CDI symptoms
as an independent risk factor for rCDI in children (adjusted OR=2.4, 95% CI=1.05-5.52).
Prior studies have demonstrated that patients undergoing bowel surgery are at higher risk of
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primary CDI,27 but not rCDL. It has been hypothesized that the risk for primary CDI in these
patients is due to the changes in the intestinal microbiome that accompany these
procedures.2” However, in our pediatric patients who underwent surgery, just over half had
the placement or removal of a central line. This type of surgery is less likely to directly
impact the gut microbiome but does require the use of general anesthesia and narcotics. A
mouse model demonstrated that animals exposed to morphine demonstrate significant
suppression of intestinal mucus and disrupted intestinal epithelium.28 Although human
studies have not yet confirmed these findings, the use of anesthetics and narcotics may lead
to alterations in the gut microbiome, thus explaining the observed increased risk of rCDI in
our patients.

Another plausible explanation for the risk of rCDI associated with surgical procedures in our
patients may be due to the use of perioperative antibiotic prophylaxis (PAP). While we
captured surgical procedures for 60 days prior to symptom onset, we limited antibiotic
exposure to 30 days; as a result, PAP would not be captured in this cohort if surgery
occurred between 31-60 days, and this is a limitation of our study. A recent study identified
that 1.5% of patients who developed CDI during a C. difficile outbreak received PAP as
their only antibiotic exposure. The authors suggested that when PAP is used to prevent only
infrequent and minor infections, the risk of CDI needs to be taken into account.?’
Antibiotics have long been implicated in the risk of primary CDI and more recently have
been shown to increase the risk of rCDI in adults.!!- 12 This is likely due to the significant
alterations in the intestinal microbiome that accompany antibiotic usage. Standard
treatments of CDI are assumed to suppress C. difficile to a sufficient degree to allow
recovery of the remaining microbiome to a “normal” state.30 It has been hypothesized that if
the microbiome is deficient in its ability to recover, rCDI is likely.” A 2008 study
demonstrated that in adults with rCDI, the fecal microbiome was significantly decreased in
phylotype richness compared with patients who experienced a single episode of CDI.3? Our
study demonstrated that children with a higher number of antibiotic exposures by class
(median of 3 classes in those with recurrence versus median of 1 class in controls) in the 30
days prior to symptom onset were more likely to suffer from rCDI (adjusted OR=1.33, 95%
CI=1.01-1.75). One patient who experienced rCDI in our cohort was exposed to eight
antibiotic classes in the 30 days prior to symptom onset of primary CDI. These numbers not
only highlight the risk of rCDI with increased antibiotic use, but they also highlight the need
for antibiotic stewardship and the practice of evidence-based medicine in antibiotic use.

Our study has several important limitations. The retrospective nature of our study makes it
possible that some episodes of recurrence were not captured. Our cohort exhibited a 22%
recurrence rate, however, which is consistent with the rates identified in adults.”~7 There is
also the possibility of ascertainment bias as we had to rely on information in the medical
record to determine exposures. However, during the study period, MCJCHV was the only
children’s hospital and the only center with pediatric subspecialty care in a large geographic
region, limiting the care that patients would receive at other institutions. As the majority of
children in our cohort had associated comorbidities, it is more likely that their MCICHV
subspecialty physicians would have been made aware of any episodes of CDI diagnosed or
treated by their primary care physician. As the electronic medical record used at MCJCHV
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includes all medical records and communications from outside physicians, this information
would likely have been captured.

Our results are nearly two fold higher than those recently reported from a 9-year cohort
study where 12% of children hospitalized with CDI had recurrent disease.!> Whether the
rate differences in these two studies reflect better antibiotic stewardship at the other study
site, differences in associated comorbidities, or incomplete capture of all the cases of rCDI is
not clear. Our increased rate of recurrent disease may also reflect the ever increasing burden
of the North American pulsed-field gel electrophoresis type 1 strain of C. difficile as this
strain has been associated with increased rates of recurrent disease in adults.3! Receipt of
concomitant antibiotics and community-associated CDI were independently associated with
recurrent disease in the other study, but that study did not apply statistical modeling to
account for the relatively small number of events. Both studies provide important new
insights into rCDI in children.

Finally, our study was conducted at a single tertiary care hospital. Although our findings are
applicable to other major children’s hospital populations, these risk factors may not be
applicable for outpatient children without comorbidities. Despite these limitations, our study
provides some of the first insights into the important reasons why children experience rCDI,
and it highlights the differences in risk factors between children and adults.

Conclusions

Although the burden of rCDI is substantial in adults, there have been very few studies
evaluating the rates of recurrent disease in children and the associated risk factors in this
population. We have identified three statistically significant risk factors for rCDI that, by
order of importance, include malignancy, recent surgery and the number of antibiotic
exposures by class. Malignancy and history of a recent surgery are novel risk factors that
have not been implicated previously in recurrent disease in either adult or pediatric studies.
As we approach the advent of newer therapies aimed at the prevention of rCDI and the
potential for a C. difficile vaccine, identifying those patients at highest risk of rCDI is
critical.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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295 patients with positive Clostridium
difficile laboratory testing

A 4

Excluded: 109 patients

38 (35%) no diarrhea documented

28 (25%) inadequate follow-up

22(20%) not treated

17(16%) treated for recurrence without testing and/or diarrhea

2(2%) deceased during follow-up period

2(2%) treated with flagyl for non-C.difficile indication during follow-up

4

186 patients included in study

Figure 1.

Schematic of Patient Selection
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Table 1

Demographic Variables of Patients with and without Recurrent CDI

Recurrent CDI (N=41) | No Recurrence (N=145) | P value
Age (mean) 7 7.9 0.362
Gender 0.571
Boy 20 (49%) 78 (54%)
Girl 21 (51%) 67 (46%)
Race 0.4281
White 33 (80%) 108 (74%)
Non-white and Unknown 8 (20%) 37 (26%)
Location at time of CDI 0.161
Inpatient 36 (88%) 113 (78%)
Outpatient 5(12%) 32 (22%)
Type of CDI 0.0521
HO-HCFA 22 (54%) 49 (34%)
CO-HCFA 10 (24%) 37 (25%)
Indeterminate 0 (0%) 11 (8%)
CA-CDAD 9 (22%) 48 (33%)

CDI: Clostridium difficile infection

HO-HCFA: Healthcare facility-onset healthcare facility-associated
CO-HCFA: Community-onset healthcare facility-associated

CA-CDAD: Community associated Clostridium difficile associated disease

lPea.rson test;

2Wilcoxon test
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Considered Predictors of Recurrent Disease

Table 2

Recurrent CDI (N=41) | No Recurrence (N=145) | P Value
Malignancy 29 (71%) 44 (30%) <0.0011
Presence of Feeding Tube 17 (41%) 38 (26%) 0.0591
Recent Hospitalization 35 (85%) 100 (69%) 0.0381
Recent Surgery 26 (63%) 41 (28%) <0.001 1
Antibiotic Use 40 (98%) 113 (78%) 0.0041
Number of Antibiotic Classes 234 113 <0.0012
Acid Blocker Use 32 (78%) 84 (58%) 0.0191
Proton Pump Inhibitor Use 9 (22%) 37 (26%) 0.641
Immunosuppressant Use 30 (73%) 63 (43%) <0.0011
Presence of Fever 22 (54%) 72 (50%) 0.651
HO-HCFA 22 (54%) 49 (34%) 0.0211

HO-HCFA: Healthcare facility-onset healthcare facility-associated

abc represent the lower quartile a, the median b, and the upper quartile c¢ for continuous variables

lP'ea.rson test;

%’Vilcoxon test
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Table 3
Strongest Predictors of Recurrent Disease
Lasso OR | Unadjusted OR Adjusted OR LOO index
(95% CI) (95% CI)
Malignancy 2.75 5.55(2.65-12.25) | 3.39 (1.52-7.85) 0.0028
Recent Surgery 1.96 4.40 (2.14-9.32) 2.40 (1.05-5.52) 0.0370
Number of Antibiotic Classes 1.27 1.66 (1.32-2.13) | 1.33 (1.01-1.75) 0.0420
Presence of Feeding Tube 1.19 1.99 (0.96-4.10) 1.54 (0.69-3.46) 0.3000

OR: Odds Ratio
LOO: Leave-one-out
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