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Background: Active surveillance testing (AST) is one element of a comprehensive Carbapenem-resistant
Enterobacteriaceae (CRE) prevention strategy. However, the utility of AST may be impacted by compliance
with sample collection and the quality of specimens. Here, we describe strategies used to optimize a CRE AST
program at a large academic medical center.
Methods: Tests ordered, collected, rejected, and processed were tracked weekly for each participating unit.
Sample collection compliance and acceptance rates were calculated and tracked weekly. Strategies were
implemented to improve collection compliance and sample acceptance rates, including computerized pro-
vider order entry, printed educational materials, and audit and feedback. Weekly dedicated Infection Preven-
tionist (IP) time was estimated.
Results: Over 35 months, mean collection compliance increased from 82.7% to 91.2%, and then decreased to
86.2%. Over 27 months, sample acceptance rate increased from 57.7% to 83.6%, and then remained stable at
83.4%. Over 39 months, dedicated weekly IP time decreased 92%.
Discussion: Use of evidence-based quality improvement strategies optimized our CRE AST program. Optimiz-
ing the AST process aids in early CRE detection, leading to timely isolation and preventing the spread of CRE
to other patients. Other hospitals may benefit from these lessons and enhance local AST programs.
© 2021 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
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Enterobacteriaceae are a family of bacteria that normally inhabit
the human gastrointestinal tract but can cause a variety of infections,
including pneumonia, bacteremia, meningitis, wound infections, and
urinary tract infections. Carbapenem-resistant Enterobacteriaceae
(CRE) are resistant to many commonly used antibiotics, making infec-
tions difficult to treat, and contribute to high rates of mortality.1 In
2017, CRE were estimated to be associated with 13,100 infections,
1,100 deaths, and $130 million of additional health care costs in the
United States.2

CRE are primarily found in critically ill patients with health care
exposure but are not limited to health care settings.1 CRE are trans-
mitted directly and indirectly by the hands of health care workers or
through contact with shared equipment, or other environmental
reservoirs including sinks.3,4 As such, patients are at risk of acquiring
CRE indirectly from other infected or colonized patients, as well as
environmental reservoirs.

Active surveillance testing (AST) is a strategy to manage multi-
drug resistant (MDR) organisms, such as methicillin-resistant Staphy-
lococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and
MDR gram-negative organisms. AST involves collecting cultures from
a targeted patient population at risk for infection or colonization
from an organism of concern.5 AST is one of the core prevention strat-
egies described in the Center for Disease Control and Prevention’s
(CDC) toolkit for CRE control.1 Regularly screening at-risk populations
for colonization provides epidemiologic data and allows for the early
detection and isolation of colonized patients that could otherwise
silently spread CRE. Many patients may be colonized and be a reser-
voir for transmission of CRE to other patients but not develop clinical
infection. Thus, active surveillance is more effective than relying on
clinical cultures alone to detect colonized patients.6
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While the CDC and others1,6 have highlighted the importance and
benefit of AST for CRE, the process itself poses certain challenges.
Screening programs are associated with increased laboratory costs as
well as additional human resources to collect and process the speci-
mens. Additionally, rectal swabs may contribute to an unpleasant
experience for patients.7,8

Rectal swab collection is a preferred method for screening for
enteric multi-drug resistant organisms, and sample quality control is
important to promote confidence in laboratory results.9,10 Different
methods of quality control for rectal/stool swabs have been
described, including a visual assessment for fecal staining and more
advanced, test-based strategies.11,12 Providing rectal swab samples
that meet laboratory standards is a known challenge described in the
literature; one institution reported almost 10% of specimens were
excluded due to lack of visible stool.12,13 Institutions may struggle to
increase the number of patients tested while promoting confidence
in the reported results.

PURPOSE

The CRE AST program at a large, academic hospital in the South-
eastern United States was challenged with collecting ordered tests
and providing samples of sufficient quality to meet internal labora-
tory standards for testing; poor sample quality can lead to a low sam-
ple acceptance rate. The purpose of this paper is to describe
strategies used to optimize a CRE AST program by improving sample
collection compliance and laboratory acceptance rate. We also report
the estimated number of hours required by the Infection Prevention-
ist (IP) to complete AST processes.

METHODS

Our CRE AST program was implemented as a weekly point preva-
lence screening. Participating units included 4 adult intensive care
units (ICU) with increased incidence of CRE (24-bed Medical ICU, 24-
bed Neuroscience ICU, 24-bed Surgical/Trauma ICU, and 32-bed Car-
diothoracic Surgery ICU). Each unit had a designated day of the week
to collect samples.

Two primary outcomes were analyzed for this project, sample col-
lection compliance and sample acceptance rate. Sample collection
compliance was measured as the number of samples collected
divided by the total number of tests ordered. We measured sample
collection compliance for the period December 2017-November
2020. Sample acceptance rate was measured as the number of sam-
ples accepted for testing divided by the number of samples collected.
Acceptance or rejection of samples was completed through labora-
tory quality control protocols, using internal criteria applied by the
hospital’s laboratory personnel. Our institution uses a visual check of
the sample to ensure fecal staining is present on the swab. We mea-
sured sample acceptance rate for the period August 2018-November
2020.

We included one secondary outcome, the weekly estimated number
of hours required by the IP to facilitate AST processes. A spreadsheet log
was kept during this time to estimate the weekly required IP time. This
secondary outcome was measured from August 2017-November 2020.
Fig 1. Timeline of ou
Figure 1 provides a graphical representation of the timeline when these
different outcomes were tracked.

Several evidence-based strategies were used to optimize the pro-
cesses associated with AST for CRE, including use of an electronic
health record (EHR) order, audit and feedback, and printed educa-
tional materials. Using multiple implementation strategies for quality
improvement has been shown to increase compliance with evidence-
based practices.14 Further, within the plan-do-study-act cycles of
quality improvement, modifications should be made to the strategies
to better improve processes.15 As such, these strategies were adjusted
over time based on feedback from nursing leadership to improve the
CRE AST program processes.

EHR order

The earliest iteration of our CRE AST program (August 2017-
December 2017) was a very manual process. IPs manually assembled
testing kits for each patient, including swabs, patient labels, requisi-
tion forms and directions, and delivered kits to the bedside nurse’s
station; this process took approximately 16 hours per week. After
collection was performed overnight, the IP would manually deliver
the unit’s batch of samples to the hospital’s laboratory for final requi-
sition and shipping to an external laboratory; this process took
approximately 8 hours per week. This process was labor intensive for
the IPs; however, as a brand-new AST program, this process was
needed to minimize the amount of disruption and extra work
required of front-line staff. In addition, we needed to ensure each
step was completed correctly, as this was a deviation from the stan-
dard laboratory collection process.

In December 2017, we created a dedicated order within the EHR.
Computerized provider order entry (CPOE) involves the electronic
submission of orders and has been associated with reduced errors,
improved safety, and improved efficiency.16 Each morning, the IP
would utilize (CPOE) processes to enter a CRE Surveillance Test order
for each patient on the designated unit, with the Infection Prevention
medical directors co-signing the orders. A Standard Operating Proce-
dure was developed to promote a consistent process within the Infec-
tion Prevention department.
Audit and feedback

To improve sample collection compliance and acceptance rate, a
robust audit and feedback process was put into place. A dedicated
electronic order allowed reports to be built within the EHR. Audit
and feedback included unit specific measurements for number of
tests ordered, collected, rejected, and tested. These data were then
used to calculate each unit’s collection compliance percentage and
sample acceptance rate. Each week, this information was shared in
an email to key stakeholders, including nursing leaders of all units
participating in CRE AST. Areas with collection compliance or sample
acceptance rate lower than expected were followed up with and
opportunities for improvement were identified through discussions
with local leaders and staff.

One such opportunity identified was the implementation of a
daily email to unit leaders sent in the early afternoon the day of
tcomes tracked.
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screening. This email contained a list of all patients with AST orders
for that day and displayed the collection status of the specimen (eg,
not yet collected, collected, and cancelled). Using this information,
unit leaders followed up on delinquent samples in real-time and
investigated challenges to specimen collection.

Printed educational materials

Printed educational materials have been shown to improve health
care professional’s practices.17 As part of our educational efforts, a
simple yet comprehensive printed educational document about CRE
AST was developed and distributed to leadership and frontline staff
both electronically and in person. This 1-page document contained
the rationale for AST, detailed process steps, scripting for communi-
cation with patients and families, and contact information for the
infection prevention department. This document was developed
when CRE AST was initiated; changes and additions were made over
time based on challenges and feedback. One key addition was a pic-
ture displaying a gradient of six example specimens, progressing
from no visible stool to a heavily contaminated swab. The addition of
this picture was to provide a visual reference for what is considered
an acceptable sample by the lab.

RESULTS

Sample collection compliance

Figure 2 provides a graphical control chart display of CRE AST
sample collection compliance. For the first several weeks, the sample
collection compliance was found to be suboptimal with a mean of
82.7% (n = 1,714 orders placed). After audit and feedback was initi-
ated, the mean increased to 91.2% (n = 9,504 orders placed). Consis-
tent with quality improvement methodology, upper and lower
Fig 2. CRE sample collection compliance. CPOE, computerized provider order entry;
control limits, as well as the mean, were revised after 100 data points
on the control chart.15 After revision, the mean compliance decreased
to 86.2% (n = 3,173 orders placed).

Sample acceptance rate

Figure 3 provides a graphical control chart display of CRE AST
sample acceptance rate. During the first 4 weeks of sample quality
screening, average acceptance rate was 57.7% of collected samples
(n = 341 samples collected). The remaining 42.3% of samples were
rejected due to insufficient quantity for testing. After printed educa-
tional materials were implemented, the acceptance rate rose to a
mean of 83.6% (n = 8,433 samples collected). After 100 data points,
upper and lower control limits and the mean on the control chart
were revised; the mean sample acceptance rate remained steady at
83.4% of collected samples (n = 1,152 samples collected).

IP time

The first version of our process required an estimated 24 hours of
IP time per week. The creation of a dedicated EHR order in combina-
tion with iterative streamlining decreased dedicated IP time to an
estimated 2 hours per week, a 92% reduction.

DISCUSSION

AST is an essential tool to control an outbreak of CRE. The data
provided by AST can help inform the epidemiologic investigation
while simultaneously facilitating the early detection and isolation of
silently colonized patients. However, this tool is only as valuable as
the thoroughness of its execution. We identified and addressed bar-
riers to collection such as unawareness of the order, unclear process
for collection and requisition, competing priorities, patient acuity,
AST, active surveillance testing; CRE, carbapenem-resistant Enterobacteriaceae.
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and patient refusal. Other studies have shown that these types of bar-
riers can lead to missed nursing care, such as not collecting lab speci-
mens when ordered.18,19 This article described a multifaceted
approach to improve the number of samples collected while ensuring
collected samples met internal quality control standards in order to
contain the spread of CRE among high-risk hospitalized patients.

EHR order

CPOE for laboratory ordering has many reported benefits, includ-
ing decreased transcription errors, reduced manual steps for lab and
nursing, increased efficiency, and improved compliance with lab test-
ing guidelines.20 Creating a dedicated order for this test promoted
communication to frontline staff, removed the requirement for the
IP-led paper requisition process, and facilitated tracking and surveil-
lance of these samples through electronic reporting. Once this order
was available, we were able to build a robust report within the EHR
to facilitate detailed tracking of each order and specimen. The use of
this order also allowed the normal laboratory collection workflow to
occur, eliminating the need for alternate, unfamiliar workflows. As
such, it would be beneficial for other institutions with CRE AST pro-
grams to consider a CPOE process, if not already in place.

Sample collection compliance

One of the early challenges to our CRE AST program was poor
sample collection compliance. Despite education and efforts to
streamline the process for frontline staff, several anticipated samples
were not collected. Patient refusal, hemodynamic instability, and end
of life/comfort care status were among the most common reasons for
samples not being collected. To address patient refusal, we developed
recommended scripting to explain the purpose of this test to patients
and families. To address refusal and other challenges, we offered the
option to self-collect or collect the sample from available stool (eg,
incontinence, collection device) if available. The scripting and addi-
tional options for collection were described in our written educa-
tional materials.

Collection compliance improved after targeted audit and feedback
data were sent to unit leadership. As noted by Colquhoun et al, pro-
viding audit and feedback data to clinicians can increase their aware-
ness of their practices and help improve their behavior.21 Reynolds
et al used similar audit and feedback and printed educational materi-
als to improve nurses’ compliance with chlorhexidine gluconate
bathing.22 Consistently providing leadership with collection compli-
ance rates allowed CRE testing to remain in the forefront and allowed
leaders to follow up with individual staff if needed. Feedback also
provides leaders objective data to hold their staff accountable to defi-
cits, if needed.23 Additionally, leaders were able to provide feedback
to the IP if unforeseen challenges were encountered.

The average sample collection compliance rate decreased 5% once
control chart limits were revised after 100 data points. This drop is
thought to be multifactorial, potentially driven by things such as com-
peting organizational and unit priorities, physical relocation of partici-
pating units within the hospital, and ongoing challenges associated
with the COVID-19 pandemic. Indeed, sustainability of evidence-based
practices is challenging; in the future, booster sessions through addi-
tional education may be needed to improve these processes.24

Sample acceptance rate

When sample quality was first assessed, 52.2% of submitted swabs
were rejected due to lack of adequate fecal staining. The subsequent
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weeks were not substantially better, with nearly half of all submitted
samples being rejected as they did not pass the laboratory’s quality
control assessment. Prior to our internal assessment of sample qual-
ity, outside laboratories processing our samples did not provide the
same feedback and we had focused on maximizing collection compli-
ance. Our CRE AST program was nearly one year old when we began
internal sample quality control, this was a new challenge to address.

After meeting with laboratory leaders to understand the chal-
lenge, the Infection Prevention department quickly revised the
printed educational materials to include pictures showing the gradi-
ent of desirable and unacceptable samples. In conjunction with tar-
geted education to frontline staff, the addition of this sample
gradient picture yielded major improvements, though re-education
is occasionally required when a unit has more swabs rejected than
expected. Previous research has also used printed educational mate-
rials to improve compliance with evidence-based practices.17,22 Edu-
cation and feedback was targeted using our running dataset
compiled weekly by the Infection Prevention department.

IP time

The initial manual CRE AST process was very time intensive and
required approximately 24 hours per week of dedicated IP time in
addition to standard work. The development of a CPOE process com-
bined with other improvements such as eliminating redundant steps
(ie, paper requisitions) reduced estimated dedicated IP time 92% to
just 2 hours per week. The use of electronic EHR orders can decrease
the time needed for AST programs while maintaining a normal work-
flow for frontline staff.

Additional discussion

Interestingly, the week with the highest percentage of test com-
pletion (tests accepted by lab/tests ordered) occurred during the
week of our triennial survey by The Joint Commission; other articles
have described a suspected Hawthorne effect that temporarily
increases performance during accreditation visits.25

Aligned with CDC guidelines, patients identified with CRE were
immediately placed in contact isolation precautions.1 As CRE can be
spread to patients from health care workers and shared equipment,
early detection and isolation can help prevent the spread of CRE to other
patients and the surrounding environments.26 Others report a reduction
in multidrug-resistant Enterobacteriaceae cases after implementing sur-
veillance programs in conjunction with targeted interventions.27

CONCLUSIONS

We found improvements in the collection compliance and accep-
tance rate of CRE AST screening samples after using multifaceted
strategies. These primary improvements were also associated with a
decrease in the amount of dedicated IP time to facilitate the program.
These strategies can be used to improve processes by other hospitals
that have implemented similar AST programs.
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