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BACKGROUND: Patients with inflammatory bowel disease (IBD)
experience frequent hospitalizations and use of immunosuppressive
medications, which may predispose them to colonization with
antimicrobial-resistant organisms (ARO).

OBJECTIVE: To determine the prevalence of ARO colonization on
admission to hospital and the incidence of infection during hospital-
ization among hospitalized IBD patients.

METHODS: A chart review comparing the prevalence of colonization
and incidence of infection with methicillin-resistant Staphylococcus
aureus, vancomycin-resistant enterococci and extended-spectrum beta-
lactamase-producing Enterobacteriaceae (ESBL) in hospitalized 1BD
patients with those of non-IBD controls was performed.

RESULTS: On admission, there were no significant differences between
IBD inpatients and controls in the prevalence of colonization of methi-
cillin-resistant S aureus (1.0% versus 1.2%; P=0.74), vancomycin-
resistant enterococci (0.2% versus 0%; P=1.0) or ESBL (4.1% versus
5.5%; P=0.33). Pooling data from historical clinic-based cohorts, IBD
patients were more likely than controls to have ESBL colonization (19%
versus 6.6%; P<0.05). Antibiotic use on admission was associated with
ESBL colonization among IBD inpatients (OR 4.2 [95% CI 1.4 to
12.6]). The incidence of ARO infections during hospitalization was not
significantly different between IBD patients and controls. Among IBD
patients who acquired ARO infections during hospitalizations, the
mean time interval from admission to infection was shorter for those
who were already colonized with ARO on admission.
CONCLUSIONS: This particular population of hospitalized IBD
patients was not shown to have a higher prevalence or incidence of
ARO colonization or infection compared with non-IBD inpatients.
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La prévalence et 'incidence d’organismes résistants
aux antimicrobiens chez les patients hospitalisés
atteints d’une maladie inflammatoire de 'intestin

HISTORIQUE : Les patients atteints d'une maladie inflammatoire de
lintestin (MII) sont souvent hospitalisés et prennent souvent des
immunosuppresseurs, ce qui peut les prédisposer a des organismes résis-
tants aux antimicrobiens (ORA).

OBJECTIF : Déterminer la prévalence de colonisation par des ORA a
I'admission a I'hopital ainsi que I'incidence d’infection pendant
'hospitalisation de patients atteints d’'une MII.

METHODOLOGIE : Les chercheurs ont procédé a I'analyse des dos-
siers comparant la prévalence de colonisation et d’'incidence d’infection
par le Staphylococcus aureus résistant a la méthicilline (SARM), les
entérocoques résistant a la vancomycine (EVM) et les entérobactéria-
cées productrices de béta-lactamase a spectre étendu (BLSE) des
patients hospitalisés atteints d'une MII a celle de sujets témoins
n’ayant pas de MII.

RESULTATS : A P’admission, les chercheurs n’ont pas constaté de dif-
férences significatives entre les patients hospitalisés atteints d'une MII
et les sujets témoins pour ce qui est de la prévalence de colonisation
par le SARM (1,0 % par rapport a 1,2 %; P=0,74), les EVM (0,2 % par
rapport a 0 %; P=1,0) ou les BLSE (4,1 % par rapport a 5,5 %; P=0,33).
Selon les données regroupées de cohortes cliniques rétrospectives, les
patients atteints d’'une MII étaient plus susceptibles que les sujets
témoins d’étre colonisés par des BLSE (19 % par rapport a 6,6 %;
P<0,05). Lutilisation d’antibiotiques a "admission s’associait & une
colonisation par les BLSE chez les patients atteints d'une MII (RRR
4,2 [95 % IC1,4 a 12,6]). Lincidence d’infections par des ORA pen-
dant I'hospitalisation n’était pas significativement différente entre les
patients atteints d’'une MII et les sujets témoins. Chez les patients
atteints d'une MII qui avaient contracté une infection par des ORA
pendant l'hospitalisation, l'intervalle moyen entre I’admission et
I'infection était plus court pour ceux qui étaient déja colonisés par des
ORA a I'admission.

CONCLUSIONS : Cette population de patients hospitalisés atteints
d’'une MII ne présentait pas de prévalence ou d’incidence plus élevée
de colonisation par des ORA que les patients n’ayant pas de MII.

As rates of antimicrobial-resistant organisms (ARO) continue to
rise in North American hospital populations, they are also
becoming increasingly prevalent in the community (1). Between 2007
and 2009, data from the Canadian Ward Surveillance Study
(CANWARD) showed that methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant enterococci (VRE) and extended-
spectrum beta-lactamases (ESBL) accounted for 21.1%, 4.6% and
4.3% of clinical isolates, respectively, in Canadian hospitals (2).
Colonization and infection with ARO prolong hospitalizations,

increase costs, and increase morbidity and mortality. Screening pro-
grams for MRSA have been shown to have a positive cost-benefit ratio
(3-5). The risk factors for acquisition of MRSA, VRE and ESBL infec-
tions are similar and include advanced age, underlying diseases, pro-
longed hospitalization, gastrointestinal surgery, exposure to invasive
devices (especially central venous catheters) and exposure to anti-
microbial drugs (6).

More than one-quarter of hospitalizations for inflammatory bowel
disease (IBD), which comprises Crohn disease (CD) and ulcerative
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colitis (UC), are associated with infections, including those by ARO.
These infections are associated with fourfold higher mortality (7).
These statistics become increasingly relevant as the number of hospi-
talizations for IBD in North America continue to rise (8). As many as
83% of individuals with CD are hospitalized within the first year of
diagnosis, and an additional 20% are hospitalized within each of the
next four years (9). IBD patients are also more likely to undergo major
surgery early during their disease, with 38% of CD patients requiring
surgery within the first 10 years of diagnosis (10). Moreover, the fre-
quent use of immunosuppressive therapy also renders IBD patients
susceptible to serious infections (7,11,12).

As a consequence of the above factors, hospitalized IBD patients
may be at increased risk for acquiring several AROs. Patients with IBD
have been consistently shown to experience increased rates of
Clostridium difficile infection, with rates increasing dramatically in
recent years (13,14). Hospitalized IBD patients were also found to
have increased risk of VRE and MRSA infection compared with non-
IBD controls (15). MRSA infections, which more than tripled
between 1998 and 2004 among hospitalized IBD patients, were associ-
ated with sevenfold higher in-hospital mortality (3). Finally, in one
study, one-third of IBD patients who developed pouchitis following
restorative proctocolectomy were colonized with ESBL (16).

It is unknown whether hospitalized IBD patients in Canada have a
similar increased risk for MRSA infection to their American counter-
parts. Furthermore, it remains unclear whether IBD patients acquire
MRSA infection de novo during hospitalization or whether they are
admitted with MRSA colonization that predisposes them to subse-
quent infection. A Toronto (Ontario)-based study suggested that the
prevalence of ARO colonization is similar between IBD patients and
non-IBD controls in the outpatient setting (17). However, IBD patients
who require hospitalization may reflect a different subgroup of patients
with respect to disease severity and exposure to risk factors for ARO.

The aim of the present study was to characterize the prevalence of
ARO colonization among hospitalized IBD patients on admission at a
tertiary IBD centre. Furthermore, we sought to assess the risk of col-
onization and infection during hospitalization.

METHODS

Patient selection criteria

Medical records of all IBD patients admitted with a most responsible
diagnosis of IBD to Mount Sinai Hospital (Toronto, Ontario) from
January 1, 2008 to December 31, 2009 were identified and reviewed.
Control patients were selected from the general internal medicine
wards admitted from January 1, 2008 to December 31, 2009 at the
same tertiary centre. Patients admitted due to an ARO infection were
excluded from the analysis.

All patients included in the study underwent ARO screening with
culture swabs sampled on admission as part of the standard protocol at
the institution. Nasal swabs were collected for MRSA, and rectal swabs
were collected for ESBL, MRSA and VRE. Culture results were col-
lected from admission screening as well as additional clinically indicated
blood, urine, sputum and/or tissue cultures. Demographic data and data
on comorbid conditions, namely diabetes mellitus, HIV and chronic
kidney disease, were collected for each patient from medical records.

Two additional historical control groups were included in the analy-
sis (17): one group of IBD patients from the ambulatory clinics at Mount
Sinai Hospital recruited between July 15, 2010 and December 21, 2010;
and a non-IBD cohort from the centre’s affiliated family practice clinic
recruited between June 15 and August 15, 2008 that was recruited as
part of another MRSA prevalence study. The ambulatory IBD control
group was used a comparator to assess potential differences in MRSA
risk between the subgroup of IBD patients who required hospitalization
and the broader ambulatory IBD population. Subjects from the ambula-
tory clinics of the Mount Sinai Hospital family practice unit were
screened for MRSA as part of a study protocol and not for any specific
clinical indication. These patients were selected to represent the broader
non-IBD patient population seen at the centre.
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Ethical considerations
The present study was approved by the Research Ethics Board of
Mount Sinai Hospital.

Outcome variables

Primary outcomes included: prevalence of colonization on admission
to the hospital of MRSA, VRE or ESBL; and incidence of clinically
defined infections by MRSA, VRE and ESBL. To determine risk fac-
tors for ARO acquisition, the following preadmission variables were
extracted by chart review: previous admissions and/or recent
(<3 months) history of surgery, chemotherapy and/or antibiotic use.
Additional in-hospital factors recorded were: surgical procedures
including bowel surgery; use of invasive devices such as urinary cath-
eters, central lines and ventilators; use of blood products, total paren-
teral nutrition (TPN) and/or antibiotics; duration of hospital stay; and
admission to the intensive care unit.

Statistical analyses

Data were analyzed using the Stata 10.0 SE software package
(StataCorp, USA). Fischer’s exact test was used to compare baseline
clinical characteristics and outcomes between hospitalized IBD
patients and control groups. Logistic regression analysis was used to
determine whether any of these factors were associated with ARO
colonization on admission or development of infection during
hospitalization.

RESULTS

Cohort characteristics

Patient characteristics of hospitalized IBD patients and control groups
are outlined in Table 1. In total, the charts of 537 IBD patients were
reviewed: 246 (54%) with UC and 291 (46%) with CD. Characteristics
of IBD inpatients, including disease extent, previous surgery and dis-
ease activity, are listed in Table 1 and represent a typical IBD popula-
tion. These clinical details were not available for the ambulatory IBD
group. A total of 345 inpatient control patients met criteria for inclu-
sion in the study. Both ambulatory and inpatient non-IBD control
groups were older, on average, than their IBD counterparts.

Prevalence of MRSA, ESBL and VRE

The prevalence of ARO in the IBD and control groups are detailed in
Table 2. Overall, there were no significant differences between the
IBD and non-IBD inpatient groups in the prevalence of MRSA (1.0%
versus 1.2%; P=0.74), VRE (0.2% versus 0%; P=1.0) or ESBL (4.1%
versus 5.5%; P=0.33). When data from both inpatient and clinic study
populations were combined, IBD patients and non-IBD controls
exhibited a similar prevalence of ESBL colonization (6.6% versus
5.5%; P=0.5) and MRSA colonization (1.1% versus 1.1%; P=1.0),
respectively. Compared with inpatients, IBD patients from the IBD
clinics were more likely to have ESBL infection (11.1% versus 4.1%;
P<0.05) but not MRSA infection (1.6% versus 1.0%; P=0.51).

Predictive factors for ARO

The prevalences of previously described risk factors for ARO acquisi-
tion among IBD patients and non-IBD controls are listed in Table 3.
Antibiotic use on admission was found to be associated with ESBL
colonization on admission among those with IBD (OR 4.2 [95% CI
1.4 to 12.6)]. Chronic kidney disease was associated with MRSA col-
onization on admission (OR 16.1 [95% CI 2.6 to 100.2]) only among
non-IBD inpatients.

Incidence of colonization/infection during admission

Data regarding the incidence of colonization/infection during admis-
sion are presented in Table 4. Overall, patients with IBD were not
more likely to acquire MRSA, ESBL or VRE infections or colonization
during admission than those in the control group. A total of 31 IBD
patients had positive samples either on admission or during admission.
The time intervals to colonization or infection with ARO are detailed
in Table 5. The average time to develop infection among patients who
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TABLE 1

Prevalence and incidence of ARO in hospitalized IBD patients

Cohort characteristics of inpatients and outpatients of inflammatory bowel disease (IBD) and control groups

Individual IBD groups

Individual control groups

Characteristic Inpatients Outpatients*  All IBD groups Inpatients Outpatients* (family clinic) All control groups
n 537 306 843 345 190 535
Age, years, mean 38 39 38 69 55 64
Female sex, % 52 49 51 48 - 48
Presence of perianal disease 65 (22) - - - - —
Disease activity
Inflammatory 122 (42) - - - - _
Stricturing 75 (26) - - - - —
Penetrating 94 (32) - - - - -
Crohn disease (n=291)
Disease location
Colonic 66 (23) - - - - —
lleal 68 (24) - - - — _
lleocolonic 142 (49) - - - - —
Upper gastrointestinal tract 15 (5) - - - — _
Ulcerative colitis (n=246) - - - - —
Disease extent
Proctitis 8(3.2) - - - - -
Left-sided 113 (46) - - - - —
Pancolitis 125 (51) - - - - _

Data presented as n (%) unless otherwise indicated. *Data from reference 17

TABLE 2
Prevalence of antimicrobial-resistant organisms in inflammatory bowel disease (IBD) inpatients on admission and control
groups
Individual IBD groups Individual control groups

Inpatients Outpatients All IBD groups Inpatients Outpatients (family clinic) All control groups
n 537 306 843 345 190 535
MRSA 5(1.0) 5(1.6) 10 (1.1) 4(1.2) 2(1.1) 6 (1.1)
VRE 1(0.2) 0 (0) 1(0.1) 0 (0) * 0 (0)
ESBL 22 (4.1) 34 (11.1)F 56 (6.6) 19 (5.5) * 19 (5.5)%

Data presented as n (%) unless otherwise indicated. *Vancomycin-resistant Enterococcus species (VRE) and extended-spectrum beta-lactamase-producing
Enterobacteriaceae (ESBL) swabs were not collected in the family clinic control group; TP<0.05 compared with IBD inpatients; ¥P<0.05 compared with all IBD

groups. MRSA Methicillin-resistant Staphylococcus aureus

were colonized with MRSA and ESBL on admission were 12.3 and
seven days, respectively. For those not colonized with MRSA and
ESBL on admission, the time intervals to infection were 20 and
16.5 days, respectively.

DISCUSSION

In our single-centre study, we observed that the prevalence of MRSA
and ESBL colonization on admission did not significantly differ
between hospitalized IBD patients and non-IBD inpatients. This find-
ing is consistent with our previous study of ARO prevalence among
IBD ambulatory clinic patients and non-IBD controls recruited from
the family practice clinics and emergency departments from the same
tertiary centre (17). These findings are reassuring given previous
reports that IBD patients incur a greater number of health care con-
tacts and hospitalizations than the general population (18).

When we combined the data from our inpatient IBD population
with those of IBD patients seen in our tertiary care IBD clinic, we
found that ESBL colonization was more frequent in the IBD popula-
tion compared with non-IBD controls. Antibiotic use on admission
was the only predictor of ESBL colonization on admission. In our
study, antibiotic use on admission was higher among IBD inpatients
compared with non-IBD inpatients and may have partly explained the
higher ESBL colonization among IBD patients in general. These
observations may also be explained by the frequent use of antibiotics
in IBD for primary treatment of this inflammatory condition as well as
its infectious complications.
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The findings from our inpatient study showed no difference in
colonization with MRSA on admission between IBD inpatients and
non-IBD controls, confirming our previous study of IBD and non-IBD
populations in the clinic setting (17). These observations are in con-
trast to nationwide hospital-based studies from the United States,
which demonstrated an increased risk of MRSA infection among IBD
inpatients compared with non-IBD controls (3). This discrepancy
may be partly due to the overall low rates of ARO at our institution
compared with nationwide averages in Canada, possibly reflecting
effective infection prevention and control practices (2,19).
Furthermore, there may differences in basal colonization and infec-
tion control practices between Canada and the United States
(20).

Our study further aimed to identify factors that increase the likeli-
hood of ARO colonization. Chronic kidney disease, a well-established
risk factor for ARO acquisition, was the only predictive factor for
MRSA colonization in all patients, but not in IBD patients alone (21).
Colonization with ESBL on admission was associated with antibiotic
use on admission in our IBD patients, a finding consistent with previ-
ous studies (16,17). However, previously established risk factors for
ARO acquisition, including use of total parenteral nutrition, immuno-
suppressive drugs and recent bowel surgery were not associated with
MRSA or ESBL colonization in our IBD population. This inconsis-
tency may again be partly due to the focus on hand hygiene compli-
ance and infection prevention, which are at the root of low rates of
ARO acquisition at our centre.
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TABLE 3
Risk factors for antimicrobial-resistant organism
acquisition

TABLE 4
Patients with antimicrobial-resistant organism colonization
and acquisition

Inpatient group

IBD Non-IBD
Risk factor (n=537) (n=345) P
Preadmission factors
History of surgery before admission 252 (47) 117 (34) <0.05
Antibiotics 3 months before admission 70 (13) 41 (12) 0.62
Current chemotherapy 11 (2) 21 (6) <0.05
Comorbid conditions
Diabetes mellitus 16 (3) 76 (22) <0.05
HIV/AIDS 0(0) 3(1) <0.05
Chronic kidney disease 11 (2) 35(10) <0.05
In-hospital factors
Length of admission, days, mean 10.6 14.4
TPN during admission 59 (11) 0 (0) <0.05
Surgery during hospital stay 387 (72) 3(1) <0.05
Bowel surgery during admission 376 (70) 3(1) <0.05
Antibiotics during admission 290 (54) 138 (40) <0.05
Blood transfusion 81 (15) 24 (7) <0.05
Foley catheter 279 (52) 66 (19) <0.05
Central line access 81 (15) 28 (8) <0.05
Requiring ICU admission 11 (2) 3(1) 0.17

Ventilation 0 (0) 3(1) <0.05
Data presented as n (%) unless otherwise indicated. IBD Inflammatory bowel
disease, ICU Intensive care unit; TPN Total parenteral nutrition

In our study, we identified a very small subgroup of IBD patients
who developed colonization or infection with ARO after hospital
admission. Causes for nosocomial ARO acquisitions in the IBD
inpatients are unclear, although previous literature has identified pos-
sible risk factors in the general hospitalized population (22). For
example, well-described risk factors for MRSA acquisition in hospital-
ized patients include patient-to-patient transmission, HIV, chronic
renal disease and antibiotic use (23,24). However, none of these latter
factors were shown to have significant correlation with the few cases
of ARO colonization or infection acquired by our hospitalized IBD
patients. Because of the few cases of ARO colonization or infection
that incurred in the hospital, our study may have been underpowered
to detect risk factors.

Our study also showed that, during hospitalization, infections with
ARO in IBD patients occurred approximately one week sooner among
those already colonized with the same ARO on admission than those
not colonized (12 versus 20 days for MRSA; seven versus 16 days for
ESBL). Although this data set is small, it can be argued that colonized
IBD patients have a higher risk of infection than noncolonized IBD
patients; and an excessive length of stay (past seven to 12 days) puts
IBD patients, particularly those who were colonized on admission, at a
higher risk for ARO infections. These findings substantiate in the IBD
population previous observations that colonization by an ARO such as
MRSA increases the risk of subsequent infection (25). Further studies
are needed to elucidate the factors and mechanisms during hospitaliza-
tion that precipitate the transition from colonization to infection.

The primary limitation of the present study was that it involved
data from a single tertiary IBD centre, which may introduce referral
bias and raises concerns of generalizability. IBD patients from referral
centres often have more severe disease resulting in more frequent
health care encounters, hospitalizations, surgeries, and use of immuno-
suppressive drugs and antibiotics. Given these factors, we would have
expected that the prevalence of ARO colonization in our patient
population would be higher than that of the general IBD population.
Therefore, our finding that the risk of MRSA is consistently low in
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Inpatient group

IBD (n=537)  Non-IBD (n=345)

Colonized on admission

MRSA 5 4

ESBL 22 19

VRE 1 0
Acquiring infection/colonization during admission

MRSA 2 1

ESBL 9 3

VRE 0 0

Data presented as n. ESBL Extended-spectrum beta-lactamase-producing
Enterobacteriaceae; IBD Inflammatory bowel disease; MRSA Methicillin-
resistant Staphylococcus aureus; VRE Vancomycin-resistant Enterococcus
species

TABLE 5
Time to infection and colonization during admission for

inflammatory bowel disease patients

Infection
MRSA ESBL VRE
Patients colonized on admission
Time to infection, days, mean 12.3 7 -
Patients not colonized on admission
Time to colonization, days, mean 35 6.5 -
Time to infection, days, mean 20 16.5 -

ESBL Extended-spectrum beta-lactamase-producing Enterobacteriaceae;
MRSA Methicillin-resistant Staphylococcus aureus; VRE Vancomycin-resistant
Enterococcus species

both our inpatient and clinic-based IBD populations is reassuring.
However, the higher rates of ESBL in the IBD population, which has
a high prevalence of antibiotic use, reaffirms that we cannot be com-
placent and must exercise judicious use of antibiotics for the treatment
of IBD and its complications. We should also be cautious in general-
izing the low rates of ARO at our institution to other hospitals
throughout Canada. Our rates of MRSA appear to be lower than that
reported in the CANWARD study and may reflect effective local
infection control practices.

Although we demonstrated a similar prevalence of ARO coloniza-
tion between IBD and non-IBD populations, it is important for health
care providers to remain vigilant regarding the potential risks for
MRSA and ESBL acquisition in the hospital setting. In our study, we
validated previous results that risk factors for ARO colonization in
hospitalized patients include chronic renal disease and antibiotic use
on admission. Furthermore, we demonstrated that IBD patients who
were ARO colonizers before hospitalization developed an ARO infec-
tion sooner than their noncolonized counterparts. Given the associ-
ated cost, morbidity and mortality associated with ARO infection,
future studies should focus on further elucidation of the mechanisms of
ARO acquisition to develop novel strategies to reduce such infections.
Additionally, continued efforts should be made to shorten overall
length of hospitalization to avert both de novo colonization and
development of infection.
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