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ABSTRACT

Objectives: Several studies have demonstrated higher rates of Clostridi-
oides difficile infection (CDI) in adults with inflammatory bowel disease
(IBD). We conducted a population-based study comparing the risk of hospi-
talization with CDI in children with and without IBD.

Methods: Using health administrative data and validated algorithms, we
identified all children (<16 years) diagnosed with IBD in 5 Canadian prov-
inces, then age and sex matched to 5 children without IBD. Province-spe-
cific 5-year incidence rates of hospitalization with CDI were pooled and
generalized linear mixed-effects models were used to estimate the crude
incidence rate ratio (IRR) comparing (1) children with and without IBD and
(2) children with Crohn disease and ulcerative colitis. Hazard ratios (HR)
from Cox proportional hazards models adjusting for age, sex, rural/urban
household, and income were pooled using fixed-effects models.

Results: The incidence rate of CDI identified during hospitalization was
49.06 [95% confidence interval (CI), 39.40-61.08] per 10,000 person-years
(PY) in 3593 children with IBD compared to 0.39 (95% CI, 0.13—1.21) per
10,000 PY in 16,284 children without IBD (crude IRR, 133.4, 95% CI,
42.1-422.7; adjusted HR, 68.2, 95% CI, 24.4-190.4). CDI was identified
less often in children with Crohn disease than ulcerative colitis (crude IRR,
0.51, 95% CI, 0.32-0.82; adjusted HR, 0.69, 95% CI, 0.46-1.05).
Conclusions: Children with IBD have a markedly higher incidence of CDI
identified during a hospitalization relative to children without IBD. Con-
sequently, symptomatic children with IBD who are hospitalized should be
screened for CDI.

An infographic is available for this article at http://links.lww.com/MPG/
C842.
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What Is Known

e Adults with inflammatory bowel disease (IBD) are at
increased risk of Clostridioides difficile infection (CDI).

e Less is known about the incidence of CDI in children
with IBD and how it compares to the incidence of
CDlI in children without IBD.

What Is New

e The incidence rate of hospitalization with CDI in a
population-based incident cohort of children with IBD
was 49.06 (95% confidence interval, 39.40-61.08)
per 10,000 person-years and was nearly 70-fold than
in age- and sex-matched children without IBD.

e These data suggest that children with IBD should be
screened for CDI during hospitalization.

Key Words: Crohn disease, distributed network meta-analysis, health
administrative data, ulcerative colitis
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lostridioides difficile infection (CDI) remains the most com-

monly identified cause of nosocomial infections (1). Several
studies have reported that an increasing proportion of cases are
occurring outside of hospital settings and among individuals with-
out traditional risk factors (2,3). In spite of infection control efforts,
there continues to be substantial incidence of CDI in many coun-
tries (4,5). Importantly, there has been no reduction in in-hospital
mortality among patients with CDI (6).

Individuals with inflammatory bowel disease (IBD) have
an altered microbiome and an increased number of contacts with
the health care system, likely contributing to their increased risk
of CDI (7). Among individuals with IBD, CDI increases the risk
of complications including hospitalizations and mortality. How-
ever, most studies evaluating the link between IBD and CDI have
been conducted in adults (8). There are limited data on the risk of
CDI and hospitalization with CDI among children with IBD. CDI
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in children with Crohn disease is associated with a higher risk of
surgery (9). Thus, it is important to understand the epidemiology
of CDI in children. We report the incidence of hospitalization with
CDI in a population-based Canadian national cohort of children
with IBD.

METHODS

This study was approved by the Research Ethics Boards at
the Children’s Hospital of Eastern Ontario, IWK Health Centre, the
University of Calgary, the University of Alberta, and the Montreal
Jewish General Hospital and the Health Research Ethics Board at
the University of Manitoba. In addition, this study was reviewed for
privacy concerns by Alberta Health Services, the Manitoba Health
Information Privacy Committee, Health Data Nova Scotia, ICES,
and the Commission d’Acces a I’ Information du Québec.

Québec. The analyses, conclusions, opinions, and statements expressed
herein are solely those of the authors and do not reflect those of the fund-
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CDlI in Children with Inflammatory Bowel Disease.

Data Sources

We conducted a matched cohort study using health admin-
istrative data from Alberta, Manitoba, Nova Scotia, Ontario, and
Québec. All Canadian provinces have universal healthcare cover-
age for all residents (>99% of the population). These included 5
provinces representing 79% of the Canadian population (10). A
detailed description of the data sources in each province, including
the dates of data availability, is provided in Table 1, Supplemental
Digital Content 1, http://links.lww.com/MPG/C843. Briefly, health
administrative data in each province includes information on resi-
dent demographics and healthcare encounters (outpatient visits and
hospitalizations in all provinces; emergency department visits in
Alberta, Ontario, Nova Scotia, and Québec). Health administrative
data are linked deterministically using encrypted personal identifi-
cation numbers. In Ontario, all health administrative data are main-
tained by ICES according to an agreement with the Ontario Ministry
of Health and Ministry of Long-Term Care (11). In Manitoba, all
administrative health data are maintained by Manitoba Health; the
study utilized the population-based cohort of persons with IBD and
matched controls in the University of Manitoba IBD Epidemiology
Database. In Nova Scotia, the administrative health data were made
available through Health Data Nova Scotia. In Alberta, the admin-
istrative health data were made available through Alberta Health
Services. In Québec, data were made available through the Com-
mission d’Accés du Québec. The databases in each province are
available to researchers in an uncleaned and unedited format after
obtaining approvals from the local research ethics boards and the
respective provincial health agencies.

Identifying Children With IBD

Previously validated province-specific algorithms were used
to identify children diagnosed with IBD before 16 years of age (12—
15). These algorithms use health care encounters associated with
International Classification of Diseases (ICD)-9 and ICD-10-CA
diagnostic codes for Crohn disease (ICD-9: 555, ICD-10-CA: K50)
and ulcerative colitis (ICD-9: 556, ICD-10-CA: K51) and physician
billing codes for endoscopy (Ontario only). The relative number of
diagnostic codes for Crohn disease and ulcerative colitis was used
to differentiate between the 2 IBD subtypes. Children with diag-
nostic codes for both Crohn disease and ulcerative colitis in whom
established algorithms could not differentiate between the 2 IBD
subtypes were labeled as having IBD unclassifiable. The details of
these algorithms and their accuracy are described in Table 1, Sup-
plemental Digital Content 1, http://links.lww.com/MPG/C843.

Incident cases were distinguished from prevalent cases using
a 3-year washout period, meaning that all individuals had =3 years of
continuous follow-up in their province of diagnosis without a diag-
nostic code for IBD prior to their first IBD diagnostic code. Children
who were continuously eligible for provincial health care coverage
from birth until IBD diagnosis did not require a washout period
since all encounters with the health care system would be included
within the health administrative data for the province in which they
were born. The date of diagnosis was the date of the first health care
encounter with an IBD code that qualified the child as a case of IBD.

We included children newly diagnosed with IBD during the
following fiscal years (April 1 to March 31): Alberta, 2005 to 2015;
Manitoba, 2004 to 2014; Nova Scotia, 2001 to 2011; Ontario, 2002
to 2014; Québec, 2006 to 2008. Study start dates were selected
based on (1) start of provincial adoption of ICD-10-CA coding in
hospital records to allow for identification of CDI; and (2) ensuring
a validated washout period (i.e., =3 years) for all cases to distin-
guish incident from prevalent cases of IBD (12). Children were fol-
lowed until death, migration out of the province in which they were
diagnosed with IBD (i.e., their coverage for universal provincial

WWWw.jpgn.org

health care coverage ended), or the end of the study (Alberta: 2017;
Manitoba; 2018; Nova Scotia: 2016; Ontario: 2017; and Québec:
2010). Follow-up extended beyond the latest possible date of IBD
diagnosis to ensure all cases had sufficient a sufficient look-forward
period to meet the requirements of their province’s algorithm for
identifying cases of IBD. Study end dates varied across provinces
due to data availability.

Study Design

Using a matched cohort design, we matched each child with
IBD to five children without IBD based on birthdate (+ 30 days),
sex, and duration of eligibility for provincial healthcare coverage in
Alberta, Manitoba, Nova Scotia, and Ontario. Controls in Manitoba
were additionally matched based on the first 3 digits of their postal
code. These controls were randomly identified from province-wide
databases of children eligible for provincial healthcare coverage.
Québec did not have data available on children without IBD. Chil-
dren without IBD were followed forward from the date of diagnosis
for their matched child with IBD.

Identifying Children Hospitalized for
Clostridioides difficile Infection

Children with and without IBD who were hospitalized with
CDI were identified using the ICD-10-CA code A04.7. We limited
our analyses to those admissions where CDI was flagged as a most
responsible diagnosis, a preadmission comorbidity, a postadmission
comorbidity, secondary diagnosis, or admitting diagnosis when dif-
ferent from the most responsible diagnosis so as to increase the
likelihood of CDI being contributory to that person’s hospitaliza-
tion. We included both nosocomial and community-acquired infec-
tions severe enough to require hospitalization. This code has been
previously validated to identify hospitalizations for CDI in Ontario
and Alberta (16,17). We have also recently demonstrated in Mani-
toba that using this code provides similar epidemiological patterns
to the patterns produced when using the toxin assay (18). We only
included a child’s first hospitalization with CDI.

Statistical Analysis

Percentages and means (with standard deviations) were used
to describe the categorial and continuous characteristics, respec-
tively, of children with and without IBD included in the study.

Outcomes included the incidence rate of hospitalization for
CDI among children with and without IBD within 1, 3, and 5 years
of IBD diagnosis (cases) or index date (controls). All incidence
rates are reported per 10,000 person-years. The 5-year incidence
rates of CDI in children with and without IBD were compared
using crude incidence rate ratios (IRR) and incidence rate differ-
ences (IRD). When there were a sufficient number of hospitaliza-
tions for CDI among both children with and without IBD to allow
for model convergence, we also estimated hazard ratios (HR) and
their 95% confidence intervals (95% Cls) from Cox proportional
hazards regression adjusting for mean neighborhood income quin-
tile (a validated proxy for individual-level socioeconomic status
(19)) and residence location (rural or urban), both at the time of
IBD diagnosis/index date. Analyses included all children with IBD,
then were stratified by subtype of IBD (Crohn disease and ulcer-
ative colitis). Children with IBD unclassifiable were included in the
analysis of all children with IBD but excluded from the analyses
stratified by subtype. The incidence of CDI in children with Crohn
disease and ulcerative colitis were compared using the same ana-
lytic approach.

Privacy regulations prevent the sharing of individual-level
data across provinces. To obtain overall estimates of the incidence
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of C. difficile and its association with IBD, we used a distributed
network analysis. This approach has been used previously in
research conducted by the Canadian Gastro-Intestinal Epidemiol-
ogy Consortium (20-23) and involves identical conducting analy-
ses with identical code in each province (adapted to each provincial
data set) then pooled with meta-analyses. A validation study using
real-world health administrative data demonstrated this approach
produces similar results to multivariable regression models con-
ducted using individual-level data (24).

When there were between 1 and 5 children hospitalized with
CDI in a province, the actual number of events could not be shared
due to privacy regulations. In these situations, the number of events
was assigned as a random number between 1 and 5. Known person
time at risk was then used with the random number of events to
calculate the incidence of hospitalization with CDI. We have previ-
ously demonstrated that this approach results in similar effect esti-
mates as would be observed with a prespecified number of events
(e.g., 1 or 5 events) (23).

Province-specific incidence rates of CDI were pooled using
generalized linear mixed-effects models (GLMM) which extract
individual patient data from the number of events and person
time to obtain an overall estimate of the incidence of CDI (25).
Unconditional fixed-effects GLMM were used to estimate an
overall crude IRR (25) and fixed-effects Mantel-Haenszel meth-
ods were used to pool IRDs (26). Fixed-effects meta-analyses
using inverse-variance weighting (27) were used to pool adjusted
HRs, when there were a sufficient number of events to ensure con-
vergence in province-specific models. Fixed-effects models were
selected a priori because our use of a distributed network design
minimized methodological heterogeneity across provinces. This
approach has previously validated in scenarios with varying levels
of heterogeneity (24). Between-province heterogeneity was esti-
mated using the P statistic.

Statistical analyses were conducted using the GENMOD and
PHREG procedures in SAS 9.4 (SAS Institute Inc, Cary, USA).
Meta-analyses were conducted using the meta and metafor pack-
ages in R (28-30).

Sensitivity Analyses

As data on children without IBD were not available in Qué-
bec, we conducted a sensitivity analysis in which we excluded Qué-
bec from the pooled incidence rate of hospitalization for CDI.

RESULTS

A total of 3593 children with IBD and 16,284 without
IBD were included. The mean age at IBD diagnosis was similar
across the 5 provinces; the overall mean (standard deviation) was
11.7 (0.3) years (Table 1). Over half of the children with IBD who
were hospitalized with CDI within 5 years of IBD diagnosis were
hospitalized within the first year following IBD diagnosis (Fig. 1).
This translated to CDI hospitalization incidence of 131.5 (95%
CI, 98.8-175.1) per 10,000 person-years of follow-up within the
first year and 49.1 (95% CI, 39.4-61.1) per 10,000 person-years of
follow-up within the first 5 years (Table 2; Table 2, Supplemental
Digital Content, http.//links.lww.com/MPG/C843). There was little
heterogeneity in the incidence of hospitalization with CDI across
provinces. There were no hospitalized CDI cases among the chil-
dren without IBD in the first year and an incidence of 0.4 (95% CI,
0.1-1.2) per 10,000 person-years of follow-up over 5 years after the
index (diagnosis date of matched child with IBD). In the 5 years
after IBD diagnosis (index date in children without IBD), children
with IBD had a significantly higher incidence of hospitalization
with CDI (IRR, 133.42, 95% CI, 42.11-422.69; IRD 51.35 per
10,000 person-years, 95% CI, 39.86—62.83). Throughout the study,
the relative incidence of hospitalization with CDI among children
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with Crohn disease was approximately half of that observed in
children with ulcerative colitis (IRR, 0.51, 95% CI, 0.32-0.82)
(Table 2; Figure 1, Supplemental Digital Content, http://links.lww.
com/MPG/C843).

Regression analyses adjusted for neighborhood income quin-
tile and living in a rural or urban household showed results consis-
tent with unadjusted analyses, though the magnitude of effect was
attenuated (Table 2). The adjusted HR for IBD was 68.15, 95% CI,
24.40 to 190.39. In stratified adjusted analysis, the relative risk was
higher among those with ulcerative colitis than those with Crohn
disease (Figure 1, Supplemental Digital Content, http://links.lww.
com/MPG/C843). The comparison of Crohn disease and ulcerative
colitis was no longer statistically significant in the adjusted model
(HR, 0.69, 95% CI, 0.46-1.05) (Fig. 2).

In a sensitivity analysis excluding data from the province
of Québec, incidence of CDI hospitalization among children
with IBD (Table 3, Supplemental Digital Content, Attp://links.
Iww.com/MPG/C843) was similar to that in the primary analysis
(Table 2; Table 2, Supplemental Digital Content, http.//links.lww.
com/MPG/C843).

DISCUSSION

In this large population-based multiprovince Canadian study,
we report a markedly increased risk of hospitalization with CDI
among children with IBD. While an increased risk was observed
among both children with Crohn disease and ulcerative colitis,
the risk among children with Crohn disease was lower than that of
children with ulcerative colitis. Children with IBD had the highest
risk of hospitalization with CDI in the first year after IBD diag-
nosis. The high risk of CDI in children with IBD highlights the
importance of screening for CDI during hospital admission for both
Crohn disease and ulcerative colitis.

Chandrakumar et al (31) reported a CDI incidence (commu-
nity or hospital-acquired) rate of 5.04 cases per 1000 person-years
among an incident cohort of 261 children with IBD diagnosed and
followed prospectively between 2011 and 2019 at the only pediatric
IBD center in Manitoba, Canada. This corresponded to a 65-fold
increased risk compared to the incidence of CDI previously reported
among the general pediatric population in Manitoba and consistent
with the findings of our study. The magnitude of this association
is much greater than has been previously reported in the United
States, where children with IBD were approximately 10 times more
likely to have CDI than children without IBD (32). However, the
American study compared hospitalized children with IBD to hospi-
talized children without IBD, rather than all children without IBD.
By only including hospitalized children (with and without IBD),
the American study likely introduced bias that attenuated the true
impact of IBD on the risk of CDI. Further, our study only included
incident cases of IBD, while the American study did not differenti-
ate between incident and prevalent cases. This increased incidence
of CDI among children with IBD relative to the general population
is much greater in magnitude than when comparing the risk of CDI
in adults with and without IBD (7,32).

We found the highest risk of hospitalization with CDI
among children with IBD occurred in the first year after IBD
diagnosis. This is consistent in previous studies for CDI in both
children and adults (7,31). This heightened risk early in newly
diagnosed IBD patients may result from increased use of antibi-
otics early in IBD diagnosis, higher rates of dysbiosis of the gut
microbiome at IBD diagnosis, untreated altered humoral immune
responses, or epithelial dysfunction predisposing to CDI. In IBD,
dysbiosis occurs independent of predisposing factors, such as the
use of antimicrobials. Perhaps, all newly diagnosed IBD cases
should be investigated for CDI.
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Province Incidence per 10,000 PY Inc'lchetgce 95%-ClI
Alberta +—— 200.9 [119.0; 339.1]
Manitoba n 132.5 [33.1; 529.6]
Nova Scotia o, 39.5 [ 5.6;280.6]
Ontario - 117.0 [79.1; 173.2]
Quebec : 148.8 [61.9; 357.5]

Fixed effect model

131.5 [ 98.8; 175.1]
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B
Province Incidence per 10,000 PY Inclnq(;eigce 95%-Cl
Alberta —— 68.7 [43.8; 107.7]
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Quebec A 165 [4.1; 65.9]
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I
Fixed effect model - 49.1 [39.4; 61.1]

Heterogeneity: 1 = 46% ' '
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FIGURE 1. Incidence per 10,000 person-years (PY) of hospitalization with Clostridioides difficile infection among children with inflammatory
bowel disease (IBD) in (A) the first year following diagnosis and (B) the first 5 y following diagnosis. Cl = confidence interval.

Province HR (95% Cl)
Alberta _.— 0.58 (0.22, 1.51)
Manitoba 1.88 (0.19, 18.33)
Nova Scotia — 0.45 (0.14, 1.40)
Ontario . 0.76 (0.46, 1.27)
Fixed Effects Model —_— 0.69 (0.46, 1.05)
Heterogeneity: I’= 0% :
[ I | | | 1
0.14 0.37 1.00 2.72 7.39

Hazard Ratio (95% CI)

FIGURE 2. Hazard ratios (HRs) comparing the risk of hospitalization with Clostridioides difficile infection in children with Crohn disease rela-

tive to ulcerative colitis. Cl = confidence interval.

Previous studies have reported similar rates of CDI among
children with Crohn disease and ulcerative colitis (31,33,34), while
most studies in adults suggest CDI occurs more often in patients
with ulcerative colitis (8,35). In our unadjusted analyses, CDI
occurred less often among children with Crohn disease than ulcer-
ative colitis. However, the magnitude of this association was attenu-
ated and no longer statistically significant when adjusting for age,
sex, income, and living in a rural or urban household. Even if the
CDlI risk is 50% lower among hospitalized children with Crohn dis-
ease, the risk would remain markedly higher than that among chil-
dren without IBD. Hence, hospitalized children with Crohn disease
as well as those with ulcerative colitis should be screened for CDI.

Our results should be interpreted in the context of its strengths
and limitations. We used large population-based data sets which
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facilitated longitudinal follow-up of children from IBD diagnosis. By
including data from multiple provinces, our study included a larger
number of children with IBD than would be feasible in a single center
or province study. We used hospitalization records, which are a rich
data source and have been used extensively to assess comorbidities
and outcomes among individuals with IBD. However, health admin-
istrative data are not without their limitations. As with all studies con-
ducted using health administrative data, our study may have been at
risk of misclassification bias. However, our use of previously validated
province-specific algorithms to identify children with IBD and a vali-
dated diagnostic code for CDI minimized this risk. Diagnostic codes
used for outpatient physician claims do not allow for the differentiation
between CDI and other gastrointestinal infections. Therefore, we were
not able to identify children with community-acquired CDI who were
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_ % S35 not admitted to hospital. Additionally, we are unable to differentiate
" § la é g CDI from C. difficile colonization, although even in clinical practice
2 g = _ = 2 *§ S «E it can be very difficult to distinguish bystander C. difficile from CDI
5 S 2“ 2 2“ w2 2 3 among IBD individuals with diarrhea (36). Laboratory diagnostic
B - z = z >|2% 8 algorithms restrict testing for C. difficile to those with diarrhea so as
5 E o o 2 % g £ to reduce the chance of detecting colonization; although this criteria
v z FT|wsE g does not prevent detecting C. difficile colonization among those with
§ " i _E :‘ IBD or other causes of diarrhea. However, in this context it is impor-
“ | B © - < | B85 ; tant to recall clinical difficulty in differentiating C. difficile colonization
.E AR - ' n 2|z é o from active CDI in those with diarrhea. Clinicians almost always treat
§ 2 < § 28 for CDI when the laboratory reports C. difficile, even when an IBD
a _ _ - flare is suspected (then concomitantly or subsequently treat for IBD)
@ N a ﬁ 2 a g = ; (37,38). Of note, the diagnostic codes for CDI in Canadian administra-
§ g S & ® Z|lg€5 tive data were validated against reference standards of patients with
£ =g i 2 SEES ulcerative colitis admitted to hospital for CDI (17) and public health
2 S g S ks c|e &5 surveillance (16), and therefore are unlikely to occur in asymptomatic
2 & o 2 g 2|82 colonized patients. Further, we only included hospitalizations where
2 % S g = % o 2 CDI was the most responsible or a contributory diagnosis. Therefore,
= 2 é g it is unlikely that patients colonized with C. difficile without clinically
c - - R | €2 important CDI would be identified in our study. In addition, we did
[} e = = = Sl B e . . . . .
5 5 4 2 & Slx & E not have access to medical records, Whlch would include 1_nf0r1pat10n
< B S on IBD severity and phenotype, nor did we have access to inpatient or
c _ _ _ = §E.2 outpatient prescription medications in all provinces.
9] O -y I S =
) I IR I I Z|5&s CONCLUSIONS
2 2 2 = % o ‘§ i‘@ In conclusion, children with IBD have a markedly increased
g g 2 T b3 o3 § = risk of hospitalizations with CDI, particularly within the first year
S| % b= S = E @ - of IBD diagnosis. While CDI occurs more frequently in children
< g fleges with both Crohn disease and ulcerative colitis, CDI may be more
2 i . ) . | %ﬁ common in patients with ulcerative colitis. Children with IBD or
ﬂg_ S ks g 3 2 2 g U 5 who are suspected of having IBD and are hospitalized should be
< = < = S l1Es e routinely screened for CDI.
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