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ABSTRACT
Background: Carbapenemase-producing Enterobacteriaceae (CPE) infections are difficult to treat and are associated with high mortality. This study investigated admission 
screening practices for CPE risk factors within Canadian acute care inpatient hospitals (herein referred to as hospitals) and long-term care facilities (LTCF), and identified 
perceived barriers to screening, as reported by respondents working in these settings. Awareness of perceived barriers can inform improvements to current screening practices.
Methods: An electronic, cross-sectional survey was distributed to a convenience sample consisting of members of the IPAC Canada surveillance and LTCF interest groups, 
and to the Canadian Nosocomial Infection Surveillance Program’s Carbapenemase-Producing Organisms Workgroup. Recipients with a role in infection prevention and 
control in a Canadian hospital or LTCF were asked to respond. Survey data were collected from September 7 to December 11, 2020. Descriptive analyses were used 
to compare the proportion of LTCF and hospital-based respondents who reported that their facility conducted admission screening for CPE risk factors, and to describe 
perceived barriers to screening. 
Results: There was a significant difference between respondents from LTCFs and hospitals as to whether screening was performed for CPE (p<0.001), with hospital-based 
respondents being more likely to report admission screening. Similarly, there was a statistically detectable difference between respondent facility size (based on number of 
beds) and whether screening was performed (p=0.039), with admission screening reported more frequently by respondents working in facilities with 250-499 beds. Similar 
barriers to admission screening were identified by LTCF and hospital-based respondents, with both reporting a lack of resources, staffing, and cost as perceived barriers in 
their facility. Additionally, LTCF-based respondents reported a lack of policies or processes to guide screening.
Conclusions: Awareness of specific barriers to admission screening for CPE may help hospitals and LTCFs to improve surveillance practices for CPE colonization and 

infection to inform prompt implementation of IPAC measures that may limit transmission within healthcare settings. 
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Carbapenemase-producing Enterobacteriaceae admission 
screening practices in Canadian healthcare settings: 
A cross-sectional survey of respondents working in 
Canadian hospitals and long-term care facilities (2020)
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INTRODUCTION
Carbapenemase-producing Enterobacteriaceae (CPE) are gram-
negative bacteria typically found in the gastrointestinal tract. CPE 
treatment options are limited because CPE bacteria produce 
the enzyme carbapenemase, which can hydrolyze penicillin, 

cephalosporin, and carbapenem drugs, and is commonly found 
on plasmids containing multiple determinants of resistance 
to other classes of antimicrobials (Falagas et al., 2011). CPE 
infections are associated with high mortality due to limited 
treatment options (Iovleva & Doi, 2017). Increasing global 
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incidence of CPE prompted the World Health Organization  
to name CPE as a priority antimicrobial resistant pathogen in 
2017 (Asokan et al., 2019). CPE was first reported in Canada 
in 2008, and the Canadian Nosocomial Infection Surveillance 
Program (CNISP) has been conducting surveillance on CPE in 
inpatient and outpatient acute care settings since 2010  
(Mitchell et al., 2020). While initially reported cases were linked 
to exposure via travel or receipt of healthcare abroad, data from 
a population-based survey (2007-2015) found that the incidence 
of CPE infections in south-central Ontario increased over the 
study period and that many cases likely acquired infection 
domestically (Kohler et al., 2018). 

CPE can be transmitted from person-to-person directly 
or indirectly, including via poor hand hygiene by healthcare 
workers, or through sharing of contaminated medical equipment 
between patients without proper cleaning and disinfection 
(Ontario Agency for Health Protection and Promotion, 2019). 
Exposure to CPE within healthcare facilities has been identified 
as a primary risk factor for infection, with increased length of 
stay and invasive procedures each increasing the risk of exposure 
(Epstein et al., 2014; Ontario Agency for Health Protection and 
Promotion, 2019). If introduced into the environment, including 
on surfaces or in sink or shower drains, CPE can persist and 
contribute to indirect transmission of infection (De Geyter et 
al., 2017; Ontario Agency for Health Protection and Promotion, 
2019; Park et al., 2020). Once colonized or infected with CPE, a 
person can remain colonized and potentially infectious to others 
for several months to over a year (Ontario Agency for Health 
Protection and Promotion, 2019). 

Active screening to identify patients or residents who are 
colonized with CPE is key to preventing transmission within 
healthcare settings. The incidence of healthcare associated 
CPE infections remains low in Canadian acute care hospitals; 
however, the limited treatment options and high mortality make 
it an important pathogen to monitor (Government of Canada, 
2017). Best practices suggest that healthcare facilities have 
a screening program for antibiotic resistant organisms that 
involves active screening for all admitted patients, including a 
screening questionnaire for risk factors, followed by culture if 
risk factors are present (Ho et al., 2012; Ontario Agency for 
Health Protection and Promotion, Provincial Infectious Diseases 
Advisory Committee (PIDAC), 2013; Provincial Infection Control 
Network of British Columbia, 2013). Screening programs allow 
for early identification of antimicrobial resistant organisms and 
prompt implementation of infection prevention and control 
(IPAC) measures to curb transmission. 

The primary objectives of this study were to (1) assess 
whether Canadian long-term care facilities (LTCF) and acute 
care hospitals (hospitals) conduct CPE admission screening, 
and (2) to identify barriers to screening for CPE, by surveying 
individuals with IPAC responsibilities in Canadian hospitals 
and LTCF.

METHODS
An electronic cross-sectional survey was created using Survey 
Monkey and included questions on whether CPE admission 

screening was conducted by the respondent’s employing 
hospital or LTCF, what risk factors were screened for, and  
what perceived barriers existed to conducting screening. 
Survey questions were adapted from a similar survey by 
Martischang et al. (2019), with additional questions to explore 
perceived barriers to admission screening for CPE. A copy of 
the survey is available from the authors upon request. The 
survey was distributed to the IPAC Canada Surveillance and 
Applied Epidemiology (SAEIG) and Long-Term Care Interest 
Groups, and to the CNISP Carbapenemase-Producing 
Organisms Workgroup. 

A convenience sample of respondents working in a Canadian 
hospital or LTCF with a role in IPAC was asked to complete the 
survey or to share the survey with the appropriate person(s) 
within their organization. Survey data were collected from 
September 7 to December 11, 2020. To maintain anonymity, 
respondents were not asked to identify their employing facility 
or to report their specific role, beyond providing information on 
setting type (hospital vs. LTCF), province, and bed size, so it was 
possible for multiple responses to be received from more than 
one respondent in the same facility. There were 66 responses to 
the survey. For all analyses, hospital or LTCF-based respondents 
and not their employing facility were the unit of analysis. 
Statistical significance was calculated between categorical 
variables using Pearson’s Chi-square tests. For all analyses, the 
two-tailed statistical significance level was set at 5% (p=0.05). 

Ethics approval was received by Queen’s University 
(TRAQ: 6030268). Descriptive analyses were performed in 
Microsoft Excel and Stata v12.0 (STATACORP) to assess the 
proportion of hospitals and LTCF that reported performing 
screening for CPE, and to compare identified barriers to 
screening reported by each facility type. 

RESULTS
Respondent demographics
There were 66 survey responses from respondents working in 
Canadian hospitals (63.6%, n=42) and LTCFs (36.4%, n=24), 
with 65 having sufficient data for analysis. Using cross-tabulation 
with institutional characteristics we confirmed that our sample 
represented at least 27 unique hospital settings and 16 LTCF. 
All hospital-based respondents were from inpatient hospital 
settings. Responses were most commonly received from Ontario 
(N=42, 66%), the Prairie provinces (10, 15%), the Atlantic 
provinces (6, 9%), British Columbia (4, 6%), and Quebec (1, 2%). 
Respondent facilities ranged in size from <100 to ≥500 beds with 
most hospital-based respondents from facilities with 250-499 
beds (n=17, 40.5%) and most LTCF-based respondents from 
facilities with 100-249 beds (n=10, 41.7%). One respondent did 
not provide any information beyond facility type, bed size and 
geographic location and was dropped from subsequent analyses.

Facility screening practices
Overall, 61.5% (n=40) of survey respondents reported that their 
facility conducted admission screening for CPE; significantly 
more hospital-based respondents reported conducting screening 
(78.0%, n=32) compared to LTCF-based respondents (33.3%, 
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n=8) (p=0.001) (Table 1). There was a significant difference 
between facility size and whether or not the facility conducted 
screening for CPE (p=0.039, Table 1). Of those who conducted 
screening, 92.1% (n=35 of 38 respondents) reported placing 
someone with an identified risk factor on contact precautions 
and 96.8% (n=30 of 31 respondents) reported collecting a rectal 
specimen for culture to test for the presence of CPE.

Risk factors for which facilities conduct screening 
Of those hospital-based respondents who reported that their 
facility conducted admission screening for CPE, 88.2% (n=30) 
reported screening for one or more specific risk factors. Risk 
factor screening variables reported by most hospital-based 
respondents included international travel, admission to or 
interaction with a healthcare facility (e.g., hemodialysis or an 
emergency room visit) outside of Canada in the 12 months 
prior to admission. (Table 2). Only 4 LTCF-based respondents 
(50% of LTCF-based respondents who reported that their facility 
conducted screening) provided information on specific risk 
factors included in routine screening (Table 2). 

Reported barriers to screening
Among the 25 respondents who reported their facility did not 
conduct active screening for CPE (n=16 LTCF, n=9 hospitals), 
22 (n=14 LTCF, n=8 hospitals) identified one or more specific 
barriers to screening, including a lack of resources (n=11), 
costs (n=8), and laboratory accessibility (n=5). Although not 
specifically asked about current processes/policies, nine 
individuals responding on behalf of a LTCF, voluntarily reported 
a lack of current policies or procedures for CPE screening as a 
specific barrier.

Similarly, of those 40 respondents who reported that their 
facility conducted active screening for CPE, 28 (70%; n=23 
hospitals, n=5 LTCF) identified one or more barriers to  
screening, including a lack of resources (n=12), costs (n=12), 

and staffing (n=12). Several hospital-based respondents (n=5) 
voluntarily reported as an additional barrier that there was a lack 
of awareness at their facility regarding who should be screened 
for CPE and who had responsibility to conduct screening.

DISCUSSION
Early identification of CPE is important to control the spread 
of these difficult to treat organisms in healthcare settings. 
Our survey found that while over half of respondents from 
Canadian healthcare settings reported that their facility 
conducted screening for CPE, respondents based in hospital 
settings were more likely to report that their facility conducted 
screening than those based in LTCF. Respondents from LTCF 
reported a lack of policies or processes on screening as a 
primary barrier to admission screening for CPE, potentially 
indicating that LTCF may benefit from setting-specific guidance 
for CPE screening. The finding that respondents from smaller 
facilities were less likely to report screening for CPE than 
their larger counterparts may have been related to reported 
constraints such as a lack of resources, or costs of screening. 

Recent studies suggest that CPE acquisition in Canada is 
increasingly occurring through local nosocomial transmission, 
although travel and healthcare outside of Canada remain 
important risk factors (Kohler et al., 2018; Mitchell et al., 
2020). Previously testing positive for CPE, international 
travel and receiving healthcare outside of Canada, including 
hospitalization, an Emergency Room visit, and hemodialysis, 
were the most commonly reported risk factors respondents 
screened for, while few reported screening for hospitalization 
or short-term admission (<24 hours) in Canada as risk factors. 
Screening for nosocomial exposure within Canada is important 
to identify locally acquired cases of CPE and to ensure IPAC 
measures are promptly implemented.

Among respondents whose facilities screened for CPE, 
most acted on the information gathered during the risk 

TABLE 1: Admission screening practices for carbapenemase-producing Enterobacteriaceae (CPE), as reported by 
respondents of a cross-sectional survey (2020) who have primary responsibility for IPAC within their Canadian hospital or 
long-term care facility

Number of respondents 
who reported their facility 

conducted active screening 
for CPE (%)

Number of respondents 
who reported their facility 

did not conduct active 
screening for CPE (%) Total p-value (X2)

Facility type p=0.001 (X2(2)=13.45)
Hospital (in-patient) 32 (78.0) 9 (22.0) 41 (100.0)
Long-term care facility 8 (33.3) 16 (66.7) 24 (100.0)

Facility size p=0.039 (X2(6)=13.27)
 <100 beds 6 (37.5) 10 (62.5) 16 (100.0)
100-249 beds 10 (55.6) 8 (44.4) 18 (100.0)
250-499 beds 18 (90.0) 2 (10.0) 20 (100.0)
500+ beds 6 (54.5) 5 (45.5) 11 (100.0)
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assessment by implementing additional precautions, and 
collecting a specimen for culture if one or more risk factors 
were identified through admission screening. A previous study 
on the universal screening for CPE by Lapointe-Shaw et al. 
(2017) found that the patient screening process prevented 
the transmission of six CPE colonizations per 1,000 patients, 
three CPE infections per 10,000 patients and seven deaths 
per 100,000 patients. Overall, the study concluded that 
universal screening was cost effective and even cost saving, 
contingent on the number of CPE colonized patients identified 
on admission (Lapointe-Shaw et al., 2017). A recent Swiss study 
identified that a lack of national standards for screening, and 
not having a clear understanding of relevant risk factors for 
infection were specific barriers to admission screening for 
multi-drug resistant organisms in Swiss healthcare facilities, 
including CPE (Martischang et al., 2019). 

A major limitation of this study was that all analyses were 
respondent-based and not institution-based. As participants 
were not asked to identify their particular facility, it is plausible 
that more than one survey response was received for a 
particular hospital or LTCF. This may have contributed to 
overrepresentation of some facilities within the data, which 
was not controlled for in our analyses. This may have artificially 
inflated the proportion of a particular facility type that reported 
screening. Similarly, the importance of individual barriers may 
have been overestimated in either or both settings. As the bulk 
of responses were received from individuals working in Ontario 
healthcare settings, this may limit the external generalizability 
of our findings to healthcare settings in other provinces, and 

particularly where provincial, territorial or local guidance 
for CPE surveillance exists (if applicable). Another limitation 
included the survey representing a small proportion of facilities 
in Canada.

Common barriers to conducting CPE screening reported 
by respondents working in Canadian healthcare settings 
included a lack of resources, staff, cost, and a protocol to 
guide the process and establish accountability. Strategies to 
address these barriers are important to support consistent 
screening across Canada as a means of CPE prevention and 
control. Consideration of risk factors that may increase the 
risk of local exposure to CPE can support prompt detection 
of CPE colonization and infection, further supporting the 
effectiveness of admission screening as a means of limiting 
nosocomial transmission. 
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