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Introduction

Preventing Clostridioides difficile infection (CDI) in healthcare settings is an important U.S. public health
priority and has led to new research, guidelines, and reporting requirements that have emerged since
the last version of this report, Making Health Care Safer Il (MCHS Il). While many of the patient safety
practices (PSPs) that help prevent a range of healthcare-associated infections (HAIs) also help to prevent
the transmission of CDI (e.g., contact precautions), several CDI-specific practices address the unique risk
factors, pathology, and transmission of CDI.

After discussions with the Agency for Healthcare Research and Quality (AHRQ) and the Technical Expert
Panel, as well as an indepth review of published guidelines and PSP research, the following CDI-specific
PSPs were selected for review in the CDI chapter of this report:

e Antimicrobial Stewardship

e Hand Hygiene

e Environmental Cleaning

e Surveillance

e Testing

We retrieved and screened studies that evaluated these PSPs and were published in English from 2008

onward. Many studies were quasi-experimental with a pre-post design, and most were in hospital
settings (although some research was in long-term care facilities [LTCFs]).

The search revealed multiple studies that evaluated outcomes following combined implementation of
more than one enhanced prevention strategy. After reviewing the results of our search for the five
above PSPs, we decided to include a section on:

e Multicomponent CDI prevention Interventions.

Multicomponent studies show outcomes associated with different combinations of CDI PSPs. They also
offer insight into implementation methods, as well as challenges and facilitators of CDI prevention
interventions.

Other CDI PSPs such as contact precautions and patient isolation continue to be recommended by
experts® and were addressed briefly in the last MHCS report. Communication and staff education were
also identified in the CDI PSP guidelines and are often important components of the reviewed PSPs (e.g.,
clinician education about revised antimicrobial prescribing guidelines and communication of CDI status

2During the writing of this report, the Clinical and Laboratory Standards Institute (CLSI) and the CDC transitioned
from use of the name Clostridium difficile to Clostridioides difficile. For the purposes of this report, the names are
synonymous.
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after testing). Since these are cross-cutting practices and little research focused on these practices and
this harm area specifically, they are discussed separately in the cross-cutting chapter of the report.

Background

C. difficile is a contagious bacterium that can cause diarrhea, fever, colitis (an inflammation of the
colon), toxic megacolon (a dilated colon that may be accompanied by septic shock), and, in some cases,
death. The C. difficile bacterium colonizes in the large intestine. In infected patients, toxins produced by
the organism cause CDI symptoms, primarily diarrhea and colitis. The most common risk factors for CDI
are antimicrobial use, advanced age, hospitalization, and a weakened immune system. C. difficile is
transmitted through the fecal-oral route and acquisition is most frequently attributed to the healthcare
setting.??

Complications are common in patients age 65 and older and an estimated 1 in 11 patients 65 and older
with healthcare-associated CDI dies within 30 days of CDI diagnosis.? Patients with a healthy immune
response to the organism can be carriers of C. difficile (and contagious) but asymptomatic. These
patients are considered “colonized” and are at higher risk of developing CDI.>

Research on CDI prevention practices has evolved and expanded over the last decade. Therefore, to
address C. difficile prevention, this report dedicates an entire chapter to CDI PSPs; in the last report,
much of the information on HAI PSPs was grouped together, in a more “horizontal” approach to
prevention. In addition, the previous report noted the emergence of hypervirulent C. difficile strains and
briefly discussed research on CDI risk prediction tools. That report noted that CDI PSPs with good
supporting evidence were wearing gloves and antimicrobial stewardship. Alternatively, the current
review found strong evidence that supports not just contact precautions and antimicrobial stewardship,
but also environmental cleaning practices, surveillance, and testing as effective PSPs for preventing CDI.

The research reviewed in this report reflects not only new knowledge, but also new technologies and
policies now in widespread use. For example, electronic health records (EHRs) are now commonly used
and are valuable for antimicrobial stewardship efforts and CDI surveillance. Research on no-touch
decontamination technology has grown in the last 10 years, as has understanding of CDI transmission
pathways. Testing methods have also evolved, with Food and Drug Administration (FDA) approval of
nucleic acid amplification tests (NAATs) in 2009. There are increased mandates for surveillance of CDI
and the standard interim CDI case definitions that the CDC published in 2007 have been revised in
recent years.® Facilities have implemented new automated surveillance systems, and CDI data
collection at the national level is now standardized, with the advent of the National Healthcare Safety
Network’s (NHSN’s) LabID Event reporting in 2013.

Importance of Harm Area

CDI is among the most common HAls, representing roughly 12 percent of all HAls.” According to a recent
estimate, approximately half a million incident clinical infections occur (with more than 100,000 in U.S.
nursing homes) per year in the United States, with around 30,000 deaths per year as a result of the
pathogen.>* The financial cost of CDI is also high; in recent years, CDI has resulted in about $5 billion a
year in healthcare costs.®® Costs attributable to primary and recurrent CDI are $24,205 and $10,580 per
case, respectively.® CDI colonization is also a concern, and two U.S. studies found that around 10
percent of admitted hospital patients were colonized with C. difficile.*%?
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CDI incidence nearly tripled in the first decade of the 21 century,® and data from 2010 to 2016 showed
CDlI rates plateauing. However, after falling short of 2013 reduction goals, the Department of Health and
Human Services set a target reduction of 30 percent in hospital-onset CDI from 2015 to 2020.*
Healthcare-associated CDI has been decreasing slightly, while community-associated (CA) CDl is stable
or increasing slightly; according to CDC estimates, in 2015, almost half of CDI cases were CA.»®

The clinical severity of the infection has also evolved since the last report. Increasingly virulent strains
were a concern roughly 10 years ago.! However, a 10-year study of a sample of inpatient data found
CDI-related mortality rates declined from 2005 to 2014.% Other CDI incidence outcomes, including rates
of recurrent CDI, have increased.? It is notable that healthcare-associated CDI incidence trends differ
based on setting, with a greater decline seen in nursing homes versus hospitals and other healthcare
facilities.®

Reimbursement policies have increasingly mandated and reinforced the reduction of CDI. CDI LabID
Event reporting began in January 2013 for all acute care hospitals facilitywide using the NHSN. The
Centers for Medicare & Medicaid Services (CMS) Inpatient Quality Reporting program’s CDI reporting
requirements became mandatory as of January 1, 2013. Since 2017, CDI rates are among the hospital-
acquired complications CMS uses to penalize the lowest performing hospitals. Many States also now
mandate CDI data submission by hospitals to NHSN as part of State HAI public reporting programs.® In
the future, participation in surveillance reporting will increase and include a broader spectrum of
settings. For example, data from a larger group of LTCFs will be used to establish national benchmarks
and track achievement of prevention goals.?®

PSP Selection

To identify the PSPs for inclusion in this report, we started by reviewing the consensus guidelines for CDI
prevention published by government agencies and reputable organizations. From this review, we
developed an initial list that was reviewed by AHRQ and the Technical Expert Panel. The focus of this
review was to identify practices that combat a prevalent harm in the U.S. healthcare system or a harm
that has a high impact (e.g., high mortality). After this review and a narrowing of practices, we
conducted a literature search in two databases (CINAHL and MEDLINE) and reviewed resulting abstracts
for relevance. As noted, some CDI PSPs (e.g., staff training) spanned multiple harm areas, so they were
moved to cross-cutting chapters (and some CDI PSP searches yielded too few articles to warrant a
review [e.g., communication, contact precautions]).

Five PSPs had sufficient research in the last 10 years to conduct a review. While screening articles, we
found several studies of interventions that included more than one CDI PSP (i.e., multicomponent
prevention interventions). Due to the number of studies on multicomponent interventions that included
patient outcomes, we decided to include an addendum on this topic.
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4.1 PSP 1: Antimicrobial Stewardship

Reviewer: Arjun Srinivasan, M.D.

This review includes a summary of evidence published from 2008 to 2018 for antimicrobial stewardship®
as a practice to prevent CDI. After a brief overview of the foundational elements of antimicrobial
stewardship programs (ASPs) as recommended by the CDC, this review explains how antimicrobial
stewardship is believed to work as a safety practice for preventing CDI and discusses implications of
recent policy changes. We examine the evidence for the estimated effect of ASPs on CDI incidence
rates, starting with meta-analyses and followed by individual studies in hospitals and LTCFs. We then
provide a summary of common ASP components and explores additional implementation and contextual
factors, including settings, resources, and provider buy-in. Finally, we discuss research gaps and future

directions for ASPs and CDI prevention. Key Findings

. . . ¢ Most studies showed statistically
4.1.1 Practice Descri ptlon significant or statistically nonsignificant
ASPs are intended to limit and optimize antimicrobial decreases in facility or ward-level CDI

after a period of antimicrobial

prescribing, reduce the evolution of antibiotic-resistant stewardship.
bacteria, and improve patient outcomes. To meet these « The most common ASP interventions are
goals, the CDC provides the “Summary of Core Elements formulary restrictions, audit and feedback,
of Hospital Antibiotic Stewardship Programs.” The and education. : N

¢ In the reviewed studies, significant
elements outlined below provide a basic framework of reductions in CDI were associated with
recommendations for hospital settings. (The CDC also higher baseline CDlI rates/outbreaks,

ASPs developed specifically to reduce
CDI (as opposed to ASPs focused on
other clinical and microbiological

provides core elements for nursing homes, outpatient
settings, and small and critical access hospitals, and

resource-limited settings).! outcomes), and ASPs that included
restrictions of high-risk antimicrobials
e Leadership Commitment: Dedicating necessary and/or a preauthorization component.
human, financial, and information technology * Research is needed on the impact of

different ASP components, financial
costs/savings of ASPs, and ASPs in a
variety of healthcare settings.

e ASPs require staffing, technological

resources.

e Accountability: Appointing a single leader responsible

for program outcomes. Experience with successful resources, and provider buy-in.
programs shows that a physician leader is effective. * Inthe future, ASPs and ASP research will
benefit from improved study design and a
e Drug Expertise: Appointing a single pharmacist leader regional perspective on CDI prevention.

responsible for working to improve antibiotic use.

e Action: Implementing at least one recommended action, such as systemic evaluation of ongoing
treatment needs after a set period of initial treatment (e.g., “antibiotic time out” after 48 hours).

e Tracking: Monitoring antibiotic prescribing and resistance patterns.

e Reporting: Regularly reporting information on antibiotic use and resistance to doctors, nurses, and
relevant staff.

e Education: Educating clinicians about resistance and optimal prescribing.

bThe term “antibiotic stewardship” is also used in the research; however, increasingly, “antimicrobial stewardship”
is the preferred term, as it includes medicines used to treat a broader scope of organisms. In this review, we use
the terms synonymously.
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These elements are foundational and meant to complement additional ASP guidelines. The CDC notes
that no template exists for an ASP, and ASPs can be effective in a variety of settings and under a diverse
set of conditions. While the ASPs studied in the papers selected for this report included these
foundational elements to varying degrees, they take many different forms based primarily on a
particular facility’s resources and needs. Frequently, the ASPs were developed and executed by a
multidisciplinary team with medical, pharmaceutical, and/or microbiological expertise.

The studied ASPs required tracking and reporting of data (at minimum quantifying antimicrobial use and
CDl rates), as well as staff education and outreach. The “Action” element was operationalized through
different strategies, the most common of which were patient case reviews, audits of antimicrobial use,
restrictions on high-risk antimicrobials, and provider education. The Infectious Diseases Society of
America and Society for Healthcare Epidemiology of America (IDSA/SHEA) guidelines? recommend
minimizing the frequency and duration of high-risk antimicrobials and using local epidemiology to
determine which antimicrobials to address in an ASP. The guidelines further state that ASPs should
consider reducing/restricting the use of drugs including fluoroquinolones, clindamycin, and
cephalosporins.

4.1.2 Antimicrobial Stewardship as a PSP

Antimicrobial exposure is widely considered one of the most significant and modifiable risk factors for
CDL. In the last two decades, at the population level, increasing rates of CDI have been linked to
increases in antimicrobial prescribing, particularly in older patients.? Patients receiving, or having
recently received, antimicrobial therapy are more susceptible to colonization or infection with
pathogenic bacteria such as C. difficile because antimicrobials alter gastrointestinal tract flora,
destroying the bacteria that help to protect against C. difficile.

The length and type of regimen also impacts CDI risk. Several broad-spectrum antimicrobials have been
most strongly linked to CDI,* and certain outbreaks appear to be associated with heavy prescribing of
particular antimicrobials.® Therefore, many CDI ASPs are designed to reduce the use of particular “high-
risk” antimicrobials. The CDC found that people receiving high-risk antimicrobials had a three times
higher risk of CDI than did people with low-risk or no antibiotic use.®

There is increasing urgency about reducing overreliance on antimicrobials).” The CDC estimates that
between 30 and 50 percent of antimicrobial prescriptions are clinically inappropriate.? In 2015, the
White House released a National Action Plan that included goals to implement antimicrobial
stewardship in healthcare facilities. In 2016, CMS implemented a rule requiring nursing homes and LTCFs
to have ASPs to monitor the use of antimicrobial drugs; and in 2017, The Joint Commission began
assessing ASPs as part of their accreditation standards. Other countries have similar efforts,® and a
number of resources are designed to help facilities implement ASPs. We highlight some of these
resources later in this section.

4.1.3 Methods

This section describes literature search and review methods specific to the CDI PSPs; general methods
will be described in a Methods chapter for the whole report.

The question of interest for this review is: Do ASPs reduce the risk of CDI?
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To answer this question, we searched two English language databases (CINAHL, MEDLINE) for papers
published from 2008 through 2019 for “Clostridium difficile” and other related Medical Subject Heading
(MeSH) terms and synonyms, as well as “Antimicrobial Stewardship” or “Antibiotic Stewardship” or
“Antibiotic Prescribing Practices.” The search string also included all healthcare settings, including
“hospitals,” “inpatient,” “ambulatory care,” “long-term care,” “nursing homes,” “transitional care,” and
“home health.” The search included both “prevention” and “treatment.”

”n u ” u

The initial search of databases yielded 134 results and 16 papers from other sources. After duplicates
were removed, 126 papers were screened for inclusion. From these papers, 43 full-text articles were
retrieved. Of those, 17 studies, 3 meta-analyses, and 2 systematic reviews were selected for this review.
Reference lists of included articles were also screened to ensure thoroughness. Articles were excluded
at each stage if they were not primary studies, systematic reviews, or meta-analyses; treatment
variables or outcomes were not relevant; or study design was insufficient. Studies in which antimicrobial
stewardship implementation was accompanied by other significant infection control practices (e.g.,
changes in environmental cleaning) were ruled out for this section and are considered in Section 4.6,
Multicomponent CDI Prevention Interventions.

General methods for this report are described in the Methods section of the full report.

For this patient safety practice, a PRISMA flow diagram and evidence table, along with literature-search
strategy and search-term details, are included in the report appendixes A through C.

4.1.4 Review of the Evidence

We reviewed the evidence from 3 meta-analyses and 17 individual studies that examined ASPs and CDI.
Three meta-analyses found significant decreases in CDI following implementation of ASPs. Six individual
studies on CDI outcomes showed statistically significant decreases in CDI following ASP implementation®
1014 "1 showed borderline significance, and 9 showed statistically nonsignificant decreases in CDI
following ASP implementation. One additional study reviewed local strategies for determining high-risk
antimicrobials.’® Study designs were generally quasi-experimental (pre-post analyses).

4.1.4.1 Meta-Analyses

Three meta-analyses of ASP studies in hospital settings found that studies collectively show that
antimicrobial stewardship is effective in reducing CDI rates.'®!® Feazel et al. (2014) analyzed studies
published between 1997 and 2012 on ASPs in hospitals during non-outbreak situations. When the
results of all studies were pooled in a random effects model, ASPs conferred a significant 52 percent risk
reduction (pooled risk ratio 0.48; 95% confidence interval [Cl], 0.38 to 0.62; p<0.00001) on CDI
incidence. Of note, geriatric patients had the largest risk reduction for CDI following implementation of
an ASP.1®

Similarly, in their meta-analysis of hospital ASPs in 11 articles going back several decades, Baur et al.
(2017) determined that following ASP implementation periods, the incidence of CDI decreased 32
percent (incidence rate 0.68, 95% Cl, 0.53 to 0.88; p=0.0029).'” Davey et al. (2017) reviewed seven
studies published up to January 2015 on hospital antimicrobial stewardship and CDI. They found a range
of CDI rate reductions related to antimicrobial stewardship (median 48.6%, interquartile range 19.2% to
80.7%). They note that across all antimicrobial stewardship studies (including those that measured
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impact on other infections), antimicrobial stewardship generally reduced hospital stay and did not
appear to impact patient mortality.®

4.1.4.2 Studies: Overview

Studies reviewed for this report show that ASPs are usually effective in reducing the use of targeted
antibiotics and are often, but not always, associated with decreased CDI rates. In addition, studies that
measured clinical outcomes, such as mortality or length of hospital stay, following the implementation
of an ASP found that ASPs did not appear to influence the efficacy of a patient’s treatment.>° Factors
found to be most associated with significant CDI decreases were:

e ASPs in smaller facilities,
e Higher pre-ASP baseline CDI rates (more room to improve),

e ASPs developed specifically to reduce CDI (as opposed to ASPs focused on other clinical and
microbiological outcomes), and

e  ASPs that included a formulary restriction component.

The majority of the studies on CDI outcomes (13/16) examined ASPs in hospitals or hospital units. The
duration of the ASP period ranged from 6 months to a little over 6 years (mean 19.3 months; standard
deviation [SD] 16.7). Most studies were quasi-experimental (interrupted time series or before and after
design) and lacked a control or comparison group. All included studies measured the amount of
prescribed antimicrobials (e.g., defined daily dose, or DDD, as defined by the World Health Organization
[WHO], per 1,000 patient days) and CDI rates pre- and post-ASP implementation.

While many of the studies controlled for other contemporaneous prevention initiatives, the study
designs may not account for potential covariates and confounders such as previous infection prevention
efforts (e.g., hand hygiene, environmental cleaning), patient risk factors, changes in testing method, or
seasonal, regional CDI fluctuations. This finding is consistent with the findings of two systematic reviews
by Louh and colleagues (2017) and Pitiriga et al. (2017), which both indicated that the diversity in ASPs
and weaknesses in study desigh undermine the strength of the evidence.?>#

4.1.4.3 Studies: ASPs With Significant CDI Reductions

Six of the 16 studies on CDI outcomes and ASPs found statistically significant reductions in CDI, using
p<0.05 as the basis for statistical significance.> 114 For example, Libertin et al. (2017) studied a new ASP
in a rural community hospital with fewer than 100 beds. This ASP included an educational lecture series
and the dissemination of clinical guidelines and algorithms on advised antibiotic use for specific
infectious disease syndromes. When a provider ordered antimicrobial therapy that used one of 12
targeted antimicrobials, they were allowed to order an initial 72-hour course. Ordering of one of the
targeted antimicrobials triggered review by a clinical pharmacist and infectious disease physician, and
microbiologic data were given to the provider to aid in antimicrobial selection and de-escalation. The
rate of CDIs went from 3.35 cases per 1,000 occupied bed days in 2013 (the year prior to the ASP) to
1.35 cases per 1,000 1 year later (p<0.001). Overall antimicrobial use (in DDDs per 1,000 occupied bed
days) decreased 10 percent from before the ASP initiative to 1 year after, and annualized antimicrobial
savings was $280,000.%°
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Another example of significant reductions in CDI after a period of ASP was at an acute general hospital
with over 500 beds in the United Kingdom.> This ASP consisted of removal of “high-risk” antibiotics such
as fluoroquinolones, cephalosporins, clindamycin, and broad-spectrum penicillins such as
amoxicillin/clavulanate, from ward stocks in order to reduce their availability. These antimicrobials were
targeted because they were associated with antimicrobial resistance and CDI. New prescribing
guidelines with low-risk alternatives were featured in educational sessions and hospital posters and
distributed to clinicians as laminated pocket-sized guides. In addition, an antibiotic management team
performed regular ward rounds five times a week (compared with irregular rounds 3x/week) to optimize
adherence to revised antibiotic guidelines and control the use of high-risk antibiotics. These changes
corresponded to a 58.5 percent drop in fluoroquinolone use and a 45.8 percent drop in cephalosporin
use. A negative binomial regression showed a significant decrease in CDI associated with the ASP
(incidence rate ratio [IRR] 0.34; 95% Cl, 0.20 to 0.58, p<0.0001). The researchers found no significant
differences in clinical outcomes (as measured by length of stay and readmission rate for elderly patients
treated for urinary tract and lower respiratory tract infections) associated with the change in prescribing
practices.’

4.1.4.4 Studies: ASPs With Borderline Significant CDI Reductions

One study at a 48-bed orthopedic ward in Mexico showed borderline significant reductions in CDI?? after
restricting clindamycin (i.e., only patients with a previous infectious disease consult could receive
clindamycin). After a 7-month baseline period, there was a 16-month ASP period in which clindamycin
use, measured in mean DDDs per 1,000 patient days, decreased by 92.61 percent (p=0.0002). CDI rates
went from 1.07 per 1,000 patient days during the baseline period to 0.12 per 1,000 patient days during
the ASP period, constituting a decrease of 88.78 percent (p=0.056).22

The reductions in CDI were generally greater in studies with higher pre-ASP (i.e., baseline) CDI rates. This
finding could be because those hospitals had more room to improve than hospitals where rates were
already low. Another possibility is that studies that report ASPs in the context of an outbreak could find
reductions that reflect a natural regression to the mean as the outbreak wanes, rather than a result of
the intervention.?

4.1.4.5 Studies: ASPs With Nonsignificant Decreases in CDI Rates

Nine studies in hospital settings showed statistically nonsignificant changes or no decrease in CDI
associated with ASP implementation.>?*3! In one example, antimicrobial stewardship practices were
enhanced at a 525-bed public safety-net hospital, where CDI and antimicrobial prescribing rates were
declining and already low, relative to other hospitals in the region.?* New ASP practices included a
preauthorization requirement for select broad-spectrum, toxic, or costly antibiotics, retrospective audit
and feedback, and revised prescribing guidelines. After the changes, Jenkins et al. (2015) found total
antimicrobial and high-risk antimicrobial use declined, and antimicrobial expenditures decreased, but
CDI rates did not change.?® While there are confounding factors, such as a switch to more sensitive
testing methods, the authors point out that in the context of relatively low CDI rates and low
antimicrobial prescribing, there may have been little room for additional decreases, since a minimal
level of antimicrobial use is necessary to maintain optimal clinical outcomes.

Hospital ASPs in which CDI was not the primary clinical/microbiological target also showed
nonsignificant changes or no decrease in CDI rates.?>2° For example, Taggart et al. (2015) examined an
ASP in two intensive care units (ICUs) in a 465-bed teaching hospital in Toronto, Canada. The ICUs
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included a trauma and neurosurgery ICU and a medical/surgical ICU. In both units, following a 12-month
audit and feedback ASP, there were no significant changes in the CDI rate. Mean total monthly
antimicrobial use declined in the trauma/neuro ICU but increased in the medical/surgical ICU. The
authors speculate that the baseline prescribing practices in the medical/surgical unit were more
appropriate (with more room to improve in the trauma/neuro ICU).%

4.1.4.6 Studies: ASPs in LTCFs

While most of the studies included in this review examined ASPs in hospitals, three studies evaluated
ASPs in LTCFs.11431 | TCFs are important sites for antimicrobial stewardship due to the number of
patient infections, frequent overuse of antimicrobials, and numerous transfers to and from the
hospital.3? ASPs that centered on outside infectious disease consultation showed promising results in
LTCFs. % For example, Jump et al. (2012) measured antimicrobial use and CDIs 36 months before and
18 months after bringing in a Long-Term Care Infectious Disease consult team to a 160-bed Veterans
Affairs (VA) LTCF. The team was composed of an infectious disease physician and a nurse practitioner
who examined residents at the facility once each week and provided case review, feedback, and
antimicrobial prescribing recommendations. In contrast to the pre-ASP period, total systemic antibiotic
administration decreased by 30 percent (p<0.001), with steeper decreases in use of certain broad-
spectrum antimicrobials.

The rate of change of positive C. difficile tests in the pre-ASP period showed a trend toward increasing
(p=0.09), whereas in the post-ASP period the trend was reversed (p=0.21). The difference between the
slopes in pre- versus post-ASP period is significant (p=0.04). While the rate of change in positive C.
difficile tests did not change significantly over time for the two individual time periods, the difference in
the rates of change between the two time periods was significantly different.*

4.1.4.6.1 Interventions

Several common ASP interventions were studied in this review. To implement changes in prescribing
practices, the ASPs use various strategies or interventions, which, as shown in Table 1, are typically
grouped into the following categories: formulary restrictions, audit and feedback, and provider
education. There is some research about outcomes associated with each individual strategy, but usually
ASPs use more than one of the above interventions, making it difficult to assess each approach
individually. Feazel et al. (2014) state that approaches that are “restrictive,” (i.e., restrict high-risk
antimicrobials) are more effective than the “persuasive” strategies (i.e., audit and feedback, education,
guidelines).® Pitiriga et al. (2017) made no such overarching distinction about the efficacy of different
strategies.?! There is no consensus on which interventions are most effective, and it is likely that the
most effective approach may differ in different settings; effective programs are dynamic and can be
adapted to facility needs.?
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Table 1: Studies on Antimicrobial Stewardship and Clostridioides difficile Infection Outcomes
Published 2008 to 2018

Article

ASP
Intervention:

Formulary
Restrictions

ASP
Intervention:

Audit and
Feedback

ASP
Intervention:

Education

Clostridioides dfficile Infection (CDI) Outcomes

Carbo et al., 201626

<

AN

The incidence of CDI did not differ between pre-antimicrobial
stewardship program (ASP) and ASP groups (p=0.81).

Chung et al., 2015%°

Although the relationship between piperacillin and tazobactam
and CDI remained, third- and fourth-generation cephalosporins
and fluoroquinolones were no longer significantly associated with
CDL.

Cruz-Rodriguez et
al., 20142

Borderline statistically nonsignificant reduction of 88% in CDI
(1.07 to 0.12 per 1,000 patient days, p=0.056)

Dancer et al., 2013%°

Adjusting for a decreasing trend, the ASP policy was associated
with a 45.22% reduction (95% confidence interval [CI], -4.79% to
72.05%; p=0.09) in the rate of CDlIs.

Jenkins et al.,
20154

Few apparent changes in CDI and other patient-centered
outcomes (p-values not provided).

Jump et al., 20124

The rate of change of positive C. difficile tests in the pre-ASP
period showed a trend toward increasing (p=0.09), whereas in
the post-ASP period, the trend reversed (p=0.21). The difference
between the slopes in pre- versus post-intervention period was
significant (p=0.04).

Libertin et al.,
201710

Decrease from 3.35 cases per 1,000 occupied bed days in 2013
to 1.35 cases per 1,000 occupied bed days in 2015 (p<0.001).

Lowe et al., 2017%7

No statistically significant difference in CDIs pre-/post-ASP
(p=0.24).

Ostrowsky et al.,
201428

On average, intervention hospitals reported slightly fewer
hospital-onset CDI cases (2.8 fewer CDI cases per 10,000
patient days), as well as slightly fewer hospital-onset CDI
combined with community-onset (CO)-healthcare facility-
associated (HCFA) CDI cases (3.9 fewer CDI cases per 10,000
patient days). Both of these rate differences were not statistically
significant.

Patton et al., 2018%°

Statistically nonsignificant reduction in CDI of 7.0 cases/1,000
admissions (relative change -24% [95% Cl, -55 to 6]) in Medicine,
but no change in Surgery (estimated 0.1 fewer cases/1,000
admissions [-2% {95% ClI, -116 to 112}]).

Rahme, et al, 201631

CDlI rate per 1,000 resident days pre- and post-intervention
showed statistically nonsignificant decrease of 19.47% from
0.094 to 0.076 (p=0.58).

Shea et al., 201712

CDI rates decreased significantly (p=0.044) from pre-intervention
using education (3.43 cases/10,000 patient days) and restriction
(2.2 cases/ 10,000 patient days). In addition, mean and SD
monthly CDI cases/10,000 patient days decreased by roughly
50% from 4.0 (SD=2.1) pre-intervention to 2.2 (SD=1.35) post-
restriction.

Taggart et al.,
2015%

Nonsignificant decreases in CDI in two intensive care units
(ICUs) (e.g., the rate of CDI in the trauma/neuro ICU decreased
from 0.66 cases per 1,000 patient days pre-intervention to 0.48
cases per 1,000 patient days post-intervention; p=0.69).

Talpaert et al., 20115

Significant decrease in CDI following the intervention (IRR 0.34
[0.20 to 0.58], p<0.0001).

Tedeschi et al.,
20171

The incidence of CDI decreased from 3.6 to 1.2 cases per 10,000
patient days (p=0.001).
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Wenisch et al., v v v The mean (+/- standard error of the mean) numbers of CDI cases
2014% in the baseline period were 59 +/-3 per month and in period 2
were 32 +/-3 per month (46% reduction; p=0.0044)
Yam et al., 201230 v v Nosocomial CDI decreased from an average of 5.5 cases per
10,000 patient days to an average of 1.6 cases per 10,000
patient days (no p-value provided).

4.1.4.7 Target Antimicrobials, Antimicrobial Formulary Restrictions,

and Preauthorization Requirements
An important first step in formulary restriction is determining which antimicrobials to target for
restriction. In addition to reducing the high-risk antimicrobials outlined in current guidelines, facilities
may use data on regional and facility associations between CDI and antimicrobials. In one example, an
ASP team examined temporal associations between antimicrobial use and CDI cases in their facility to
determine which antimicrobials to target for restriction.*®

Several studies examined the role of different CDI ribotypes (more common in certain regions) and
certain antimicrobials.>!? Using case-control studies to identify antibiotics that should be restricted is
one way to assess local associations between antimicrobial classes and CDI. In a multicenter study in
New York, each hospital performed its own case-control study to determine CDI-associated
antimicrobials.?® The hospitals used odds ratios to compare case (CDIs) and control groups. Chung et al.
(2014) describe this process in more detail and found that, while more complex matching strategies are
preferable, using criteria such as admission date (to correct for variation in hospital CDI prevalence) and
length of stay (as a surrogate for cumulative risk of developing CDI) may be sufficient to identify high-
risk antibiotics associated with CDI. For more accurate associations between antimicrobials and CDI, the
researchers included additional matching variables, such as age and comorbidities.®

Once target antimicrobials have been identified, ASPs may use strategies such as preauthorization
requirements and removing access to the target antimicrobials. In their review, Feazel et al. (2014)
reported that interventions that included restricting high-risk antimicrobials (e.g., preauthorization
requirements, restrictions on certain antibiotics except in unusual circumstances) were associated with
the greatest reductions in CDI rates.*®

To assess the CDI associations with a formulary restriction, Dancer and colleagues (2013) measured the
associations of an ASP education program and restriction policy separately. They attributed decreases in
CDI (a decline of 6.59% per month [95% Cl,-2.52% to 15.02%; p=0.169) to the educational component of
the ASP, while the restriction policy was associated with a 45.22 percent reduction (95% Cl, -4.79% to
72.05%; p=0.09) in the rate of CDIs (although neither intervention had a statistically significant effect at
the 0.05 level.) This study was one of the few to measure the unique contributions of individual ASP
interventions.?
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4.1.4.8 Audit and Feedback

Audit and feedback include case reviews of patients receiving antimicrobial therapy, often involving a
multidisciplinary team (e.g., prescribers, pharmacists, infectious disease experts, administrators) and
feedback to providers, as well as audits of targeted antibiotics and other clinical measures both before
and/or after treating the patient. Feedback to prescribers may include advice about switching to
alternative antimicrobial agents (e.g., broad to narrow spectrum), discontinuation of antimicrobial
treatment, shortened duration of microbial dose, higher or lower dose, and switch from intravenous to
oral antibiotics. The latter recommendation is based on the idea that an earlier switch to oral therapy
allows faster discharge from the hospital, thereby reducing exposure to CDI and drug-resistant
organisms.?

ASPs with an audit and feedback component were common in the studies we reviewed, and these are
widely recommended antimicrobial stewardship practices;”'** however, ASPs based solely on an audit
and feedback program showed no statistically significant reductions in CDI.2>¥” One benefit of audit and
feedback is that the practice itself educates prescribers and other healthcare staff.’'* In most studies,
audit and feedback are accompanied by a staff education component, making it difficult to find
associations between audit and feedback alone and CDI rates.

4.1.4.9 Staff Education

Researchers suggest that education is important to provide context and convince physicians and other
staff to participate in antimicrobial stewardship activities.!?° Jump et al. (2012) note that some
rehabilitation physicians may be aware of the problem of antimicrobial resistance but unaware of local
resistance patterns. The education programs described in the reviewed studies included information
about antimicrobial resistance, local and facility antibiogram data, treatment guidelines, and/or CDI-
specific education. Educational methods included the use of emails, pocket cards, presentations, and
trainings.'

In an attempt to isolate the CDI associations of an educational program (as part of a multicomponent
strategy), Shea et al. (2017) assessed results associated with a 3-month education campaign, then,
separately, the results following a subsequent 12 months of a fluoroquinolone restriction policy. The
shorter education component appeared to have a significant impact, which was enhanced by the
restriction policy. Compared with pre-ASP, the four hospitals experienced 48 percent and 88 percent
average reductions in fluoroquinolone utilization (days of therapy per 1,000 patient days) after
education and restriction, respectively. CDI rates decreased significantly (p=0.044) from 4.0
cases/10,000 patient days pre-ASP to 3.43 cases/10,000 patient days following staff education, and to
2.2 cases/10,000 patient days following restriction.?

4.1.5 Unanticipated Outcomes of ASPs

One potential consideration with ASPs is that they may encourage the use of (untargeted) broad-
spectrum agents and/or alternative “lower-risk” antimicrobials, which, in turn, may lead to increased
resistance to the unrestricted drugs. Pitiriga and colleagues (2017) promoted the restriction of
quinolones but also warn against the so-called “squeezing the balloon” phenomenon, wherein
restriction policies for use of one set of drugs leads to increased use of unrestricted alternatives, which
leads to resistance. This practice runs counter to the goal of decreasing antimicrobial selection
pressure.?!
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While many of the reviewed studies found overall reductions in antibiotic use up to 30 percent
(p<0.001),** or no significant change in overall antimicrobial use,**?2 some researchers reported
increases in nontargeted antimicrobials.® For example, Dancer and colleagues (2013) found that while
targeted antimicrobials decreased during the ASP period, use of empiric amoxicillin and gentamicin
increased, and resistance to these antimicrobials increased.?

One of the positive outcomes of a CDI-targeted ASP can be lower rates of MRSA (methicillin-resistant
Staphylococcus aureus), ESBL (extended-spectrum beta-lactamases)-producing coliform infections, and
other MDROs (multidrug-resistant organisms). For example, while the primary reason for the
antimicrobial restrictions and revised prescribing guidelines in the ASP studied by Dancer et al. (2013)
was to decrease CDI rates at the hospital, the researchers also found decreases in ESBL-producing
coliforms following the ASP an 8.21 percent reduction [95% Cl, -0.39% to 16.15%]). During the following
3 years, both ESBL-producing coliform infections and MRSA declined.?

Similarly, from the baseline to the end of the intervention period, Tedeschi et al. (2017) reported the
prevalence of extensively drug-resistant strains decreased from 55 percent to 12 percent for P.
aeruginosa (p<0.001) and from 96 percent to 73 percent for A. baumannii (p=0.03). In addition, the
prevalence of ESBL-producing strains decreased from 42 percent to 17 percent for K. pneumoniae; the
prevalence of carbapenem-resistant strains decreased significantly from 42 percent to 17 percent
(p=0.005); and MRSA strains decreased significantly from 77 percent to 40 percent (p<0.0008).1

One additional benefit (or perhaps less identified outcome of an ASP) was an increase in the accuracy of
patient diagnoses following audit and feedback interventions. Talpaert et al. (2011) found that, out of
386 interventions by the ASP team, on 75 occasions the clinicians changed the patient’s diagnosis.’
Similarly, Lowe et al. (2017) describe how virology results tied to ASP consults helped facilitate
appropriate antimicrobial treatment. Many patients in that study (17/19) who were on empiric
oseltamivir were found not to have proven influenza, and following proper diagnosis, oseltamivir was
promptly discontinued.?”

4.1.6 Implementation Barriers and Facilitators

ASPs require resources, and sometimes creative mechanisms to address resource gaps. Researchers
noted challenges with staffing limitations (when additional staff were not hired for the ASP) and a need
for technical resources to track antimicrobial use.?® In addition, the lack of EHRs in many LTCFs can make
it hard to track the exact indication for antimicrobial use.3*3! However, even with limited means,
antimicrobial stewardship can produce meaningful benefits.?® For example, Yam et al. (2012) described
the challenges of resource constraints in a small rural hospital. The ASP team decided to use scheduled
and as-needed consultations with a remote infectious disease specialist physician. After the ASP worked
with the remote specialist for 13 months, the researchers found nosocomial CDI decreased from an
average of 5.5 cases per 10,000 patient days to an average of 1.6 cases per 10,000 patient days, and
antibiotic purchase costs decreased nearly 50 percent.°

The CDC provides recommendations for resource-limited settings,®* which include:

e Using nontraditional staff types to lead the ASP (e.g., infection control nurses, clinical
microbiologists, or pharmacists without infectious disease training);

e Using telehealth for advising on prescribing decisions;
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e Identifying a single priority hospital unit (e.g., ICU) in which to implement an ASP; or

e Choosing and implementing a single prescribing practice (e.g., reviewing the need for antibiotics
after 48 hours, or improving adherence to guidelines for empiric treatment for CA pneumonia or
sepsis).

There are several examples of ASP collaborations that overcame resource and expertise gaps. Lowe et
al. (2017) described an efficient collaboration between the ASP physician or pharmacist and the virology
laboratory for polymerase chain reaction (PCR) testing on respiratory tract infection, in order to
optimize antiviral and antimicrobial use.?” LTCFs often lack appropriate personnel, funding, and
electronic resources, and face a paucity of well-validated strategies for their sector.*

To implement an ASP in an LTCF, Rahme et al. (2016) document a hospital that collaborated with an
LTCF for antimicrobial stewardship in part because the facilities shared patients and there was concern
about interfacility HAI transmission.3! The hospital ASP team provided microbiology data, provider
education and treatment guidelines, and a 24-hour hotline for LTCF prescribers. Some LTCFs
collaborated with outside consultants to implement audit and feedback ASPs.1%1430

Resistance on the part of providers is a major barrier to ASP implementation that is described in the
literature; conversely, a facilitator to implementation is a good relationship between the ASP team and
prescribers.'” Educating physicians and providing proof of ASP safety and efficacy are essential to
garnering support.’ Dancer et al. (2013) found that gaining support for their ASP was challenging at the
outset, especially when ASP recommendations for prescribing conflicted with previously published
guidelines for a specific infection. For example, gastroenterologists initially refused to curtail
ciprofloxacin prescribing for spontaneous bacterial peritonitis.? After being educated about the
microbiological etiology of the infection, the gastroenterologists were persuaded to change prescribing
practices. This observation aligns with the findings of Libertin and colleagues (2017), who noted that
development of a “collegial environment for a health care provider’s growth in ASP knowledge was
important in achieving acceptance of the program” (p. 981).1°

4.1.6.1 Resources To Assist With Implementation
The following are resources for implementing an ASP, starting with a CDI-specific resource and followed
by ASP resources in general:

AHRQ: Toolkit for Reduction of Clostridium difficile Infections Through Antimicrobial Stewardship:
https://www.ahrg.gov/professionals/quality-patient-safety/patient-safety-
resources/resources/cdifftoolkit/index.html

CDC Antibiotic Stewardship Implementation Resources: https://www.cdc.gov/antibiotic-
use/healthcare/implementation.html

IDSA/SHEA Guidelines on implementing antimicrobial stewardship:
https://www.idsociety.org/globalassets/idsa/practice-guidelines/implementing-an-antibiotic-
stewardship-program-guidelines-by-the-infectious-diseases-society-of-america-and-the-society-for-
healthcare-epidemiology-of-america.pdf
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National Quality Forum stewardship in acute care: a practical playbook:
https://www.qualityforum.org/Publications/2016/05/National Quality Partners Playbook Antibiotic
Stewardship in Acute Care.aspx

SHEA Antimicrobial Stewardship: Implementation Tools & Resources: https://www.shea-
online.org/index.php/practice-resources/priority-topics/antimicrobial-stewardship/implementation-
tools-resources

4.1.7 Gaps

There is a notable absence of research on the implementation of ASPs in settings other than hospitals.
Of the 16 studies included in this review, we only found 3 ASP studies in LTCFs.1%43! |n these three
studies, facilities worked with outside consultants to provide expertise and feedback. Researchers
commented on the challenges of ASP implementation in LTCF settings due to high rates of infection®
and a “treat-first” culture.3* At the same time, ASPs in these settings could potentially have a large
impact as they serve high-risk patients and share patients with other facilities. In addition, ASPs in
outpatient settings warrant attention, since according to 2016 data reported to the NHSN, CA CDl is on
the rise.® Our search found no studies on CDI and ASPs in outpatient settings. This is an important gap in
the literature and an area for further exploration, especially given the links between antimicrobial
prescribing in the outpatient setting and CA CDI.®

The reviewed articles had little information on financial outcomes and antimicrobial stewardship. While
Jenkins et al. (2015), Libertin et al., (2017) and Taggart et al. (2015) show total reductions in the cost of
antibiotics, particularly from reductions in use of costly broad-spectrum antibiotics,%?#%> other financial
outcomes are not examined in these or other ASP studies. It has been speculated that the financial
savings of ASPs measured in cost of antimicrobials and expenses associated with CDI management
outweigh the costs of investing in infectious disease expertise to support an ASP.1

On a national level, it is believed that antimicrobial stewardship is extremely cost effective in terms of
prevention of healthcare costs.3® However, there is a need for more economic information for
healthcare systems and facilities to determine costs and savings.3” More robust and nuanced cost-
effectiveness analyses would help staff in various settings, particularly those with resource limitations,
to consider how to best invest in support for an ASP.

Despite the methodological, technological, and resource challenges of research on ASPs, many
researchers noted a need for more rigorous study design, including randomized controlled trials (in
addition to pre-post) study design.® There is also a need for studies that consider the costs and benefits
of antimicrobial stewardship over the course of multiple years, to measure longer term associations that
may not be evident in shorter study periods.’

Researchers have pointed out that reducing antimicrobial use is not always equivalent to improved
prescribing and antibiotic appropriateness is as important as counts of prescriptions.® One of the issues
that comes up in systematic reviews and studies of ASPs is the heterogeneity in process measures,
which, in addition to study design, makes comparison and generalization difficult.3® As noted by
Ostrowsky et al. (2014), the prescribed daily doses relative to WHO DDDs may vary between hospitals.?
DDDs are based on standard dosing and therefore may not accurately capture administered doses that
are lower than the routine dose. Point prevalence (accurate surveys taken at particular points in time
that can compared) has been suggested as a low-cost way to understand antimicrobial consumption.
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Finally, there are different measures of clinical and microbiological outcomes,® as evidenced in the
studies in this review.

4.1.8 Future Directions

Some future directions for ASPs to reduce CDI include patient and family education on antimicrobial
stewardship. The ASP described by Rahme et al. (2016) included an education component to address the
pressure on prescribers from patients’ families in an LTCF. It was theorized that including a focus on
family education would lessen the pressure on prescribers to treat symptoms unnecessarily with
antibiotics.3! Findings of qualitative provider surveys confirm that family pressure can be a challenge.
For example, Cole (2014) found that 55 percent of doctors felt under pressure—mainly from patients—
to prescribe antibiotics.*® Similarly, Sanchez et al. (2014) reported a major reason for nonadherence to
prescribing guidelines is a concern for patient or family satisfaction.*

In LTCFs, doctors report being influenced by family pressure to prescribe antimicrobials, especially in
situations when they are undecided about whether to prescribe an antimicrobial.*? Greater public
awareness could help patients and families to better understand why judicious use of antimicrobials is
important, thereby lessening pressure on prescribers and promoting better prescribing practices.

The use of technology for more accurate and rapid diagnosis of viral versus bacterial infections is
another area for future ASP improvement. Lowe et al. (2017) point out how rapid diagnostics can help
decrease antimicrobial use, as in the case of PCR testing to help determine if antibiotic treatment is
required.?’ Pitiriga et al. (2017) also endorse “diagnostic stewardship programs” incorporating rapid
molecular diagnostics, genomic pathogen profiling, and estimation of patient—pathogen—treatment
interactions to help individualize prescribing practices.?! A more detailed review of the use of improved
diagnostics can be found in the Section 4.5, Testing.

Finally, regionally and ecologically informed antimicrobial stewardship is another direction for the
future. CDI is transferred across settings in a region, and regional resistance patterns and CDI strains are
important prescribing considerations.'* Regional, multifacility, and collective ASP efforts could be
especially effective strategies. As ASPs become more common due to increasing regulations, more LTCFs
will be involved, intervening with a population at high risk of CDI and providing an opportunity for an
increased understanding of ASPs.
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4.2 PSP 2: Hand Hygiene
Reviewers: Arjun Srinivasan, M.D., and Andrea Hassol, M.S.P.H.

This review includes a summary of evidence published from 2008 to 2018 on hand hygiene as a
prevention practice for CDI. After a brief practice description of hand hygiene, as recommended by IDSA,
the review explains how hand hygiene is believed to work as a safety practice for preventing the
transmission of C. difficile. Next, we examine evidence for the estimated effect of healthcare worker
(HCW) and patient hand hygiene interventions on CDI
incidence rates, and we provide a brief look at research on

Key Findings

¢ Gloves and handwashing with soap and
water are the recommended hand

specific hand hygiene methods for C. difficile. The review ‘ ! et
hygiene practices for C. difficile

then explores hand hygiene intervention implementation

prevention.
and contextual factors, including compliance strategies, « Multiple experimental studies show
sink location, and tailoring to staff needs. Finally, we ABHRs are not effective in eliminating C.
. . difficile spores.
explore research gaps and future directions for hand i : .

) ) ) o  Studies were quasi-experimental and
hygiene and CDI prevention. The review’s key findings are showed large and mostly statistically
located in the box on the right. nonsignificant decreases in CDI following

implementation of hand hygiene programs
421 PraCtlce DeSC” ptlon that .t:.irgeted mulgple HAls (statistical
significance was impacted by small
In the 2017 clinical practice guidelines for preventing C. sample sizes).
difficile, IDSA states that HCWs “must” use gloves while + Studies are needed that measure C.

. . . . . difficile-targeted hand hygiene initiatives,
caring for CDI patients, including when entering a room . ;

) ; ] as well as financial outcomes, and hand
with a CDI patient. In CDI outbreaks or hyperendemic hygiene programs in nonhospital settings.
settings (periods of persistently high levels of CDI), the « Important contextual factors for CDI/hand

guidelines include performing hand hygiene with soap and hygiene include sink location, visibility,
and accessibility.

water before and after caring for a patient with CDI and « Future directions for hand hygiene
after removing gloves. When working with CDI patients in programs include patient hand hygiene,
routine or endemic situations, the guidelines recommend studies on glove compliance, electronic

. . . monitoring, and sustainable interventions.
washing hands with soap and water or using alcohol-
based hand rubs (ABHRs) for hand hygiene after removing
gloves.! While ABHRs are the preferred means of disinfecting hands for most pathogens, alcohol is not
active against C. difficile spores, and itisb :ved that the most efficacious way to eliminate C. difficile is
via the mechanical action of handwashing.?® Washing hands with soap and water is recommended after
any contact with feces.!

The 2002 CDC and 2009 WHO recommendations for HCW hand hygiene are the most commonly cited
guidelines in the literature reviewed for this report. The 2002 CDC guidelines do not include a
recommendation to wash hands for CDI prevention, but it is promoted on other CDC sites online and the
agency’s current “Clean Hands Count” campaign.? Both sets of recommendations have been
incorporated into campaigns to promote HCW hand hygiene. The WHO campaign, “My Five Moments
for Hand Hygiene,” promotes hand hygiene at the following times:

e Before touching a patient
e Before clean/aseptic procedures
e After body fluid exposure/risk

e After touching a patient

Clostridioides difficile Infection 4-23



e After touching patient surroundings

Use of proper handwashing technique is important for C. difficile spore removal.> When handwashing is
indicated, both the CDC and WHO recommend vigorous and thorough washing of all surfaces for at least
15 seconds.® The entire process from start to finish should take between 40 and 60 seconds.” This
technique has been tested against unstructured and alternative techniques and found to be most
effective at removing C. difficile spores.®

Concerning the type of soap to use during handwashing, the general CDC recommendations (for all
HAIs) call for antibacterial soap over plain soap. However, in experimental studies, some researchers
have found that plain soap is more effective for removing C. difficile spores.?® This is one of several
unresolved issues in hand hygiene for C. difficile that is explored in the research included in this review.

The CDC defines hand hygiene as “a general term that applies to either handwashing, antiseptic hand
wash, antiseptic hand rub, or surgical hand antisepsis” (pp. 12-40).¢ As such, glove use was not included
in most of the reviewed studies. However, C. difficile hand hygiene recommendations strongly
recommend the use of gloves.® One study found that universal glove use (with emollients for skin care)
at 78 percent compliance was more effective than standard contact precautions (use of gowns and
gloves; 67% compliance) to avoid C. difficile transmission.°

According to the WHO (2009), HCWs should conduct hand hygiene before and after wearing gloves.
Appropriate technique helps prevent potential hand contamination when removing gloves.'*? Gloves
should not be reused on more than one patient.” The 2009 WHO guidelines also provide guidance on
proper skin and nail care.’

4.2.2 Hand Hygiene as a PSP

Multiple studies have found C. difficile contamination on HCWs’ hands and several studies have linked
cases of CDI and CDI outbreaks to HCW transmission.!! Similarly, inadequate hand hygiene has been
linked to higher incidence of CDI.*® A study that looked specifically at HCW hand contamination after
contact with CDI patients found that 24 percent of HCW hands (p<0.001) were contaminated with CDI
(even when gloves were used in 356/386 of patient contacts). In addition, contact without the use of
gloves was independently associated with hand contamination (adjusted OR, 6.26; 95% Cl, 1.27 to
30.78; p=0.02).*

Tomas et al. (2016) found that HCWs may spread C. difficile directly from one patient to another or by
touching contaminated surfaces in the environment.'® Each hand-to-surface exposure can result in the
hand transmission of microorganisms.® Cross-contamination of C. difficile originates in the feces of
people who are infected, including in the form of spores (a resilient form of the bacterium), which, if not
properly cleaned, can survive in the patient’s surroundings on any surface (e.g., toilet areas, clothing,
sheets, furniture’) for over 4 days. C. difficile is transmitted when the spores found in feces are
ingested via the fecal-oral route or into the colon directly through shared equipment.!®

Recent studies provide additional evidence supporting handwashing with soap and water over ABHRs
for C. difficile prevention.3#1%20 For example, Kundrapu et al. (2014) tested hands contaminated with C.

‘See National Healthcare Safety Network (NHSN) Patient Safety Component Manual, Chapter 12, Multidrug-
Resistant Organism & Clostridioides difficile Infection (MDRO/CDI) Module for more information on hand hygiene.
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difficile after several methods of hand hygiene. Before conducting hand hygiene, roughly half of the
subjects were found to have C. difficile spores on their hands. Handwashing significantly reduced the
percentage of positive cultures (from ~48% to 10%, n=62; p=0.0005), as well as the number of spores
recovered from contaminated hands; conversely, ABHR did not significantly reduce positive cultures or
spores (from ~51% to ~49% positive cultures, n=59; p=0.85).'° While the in vitro evidence for
handwashing is consistent across multiple studies, evidence is limited on the impact of handwashing on
CDlI rates in healthcare settings.

Due to concern about HAI rates and poor HCW hand hygiene compliance, hand hygiene (including use of
ABHRs) has been heavily promoted over the last two decades. One systematic review found median
hand hygiene compliance across 96 studies in a variety of healthcare settings was 40 percent,?* and
hand hygiene rates are potentially even lower at LTCFs.? Single-facility studies on compliance with CDI-
specific guidelines also show the need for improved practice. Deyneko et al. (2016) found that, at a 637-
bed tertiary care hospital in Canada, glove use compliance was 85.4 percent (211/247), but handwashing
compliance after care of CDI patients was only 14.2 percent (35/247) and hand rubbing with ABHR was
performed instead of handwashing in 33.2 percent of opportunities (82/247).23 Similarly, in a study in a
single surgical transplant unit, Zellmer et al. (2015) found that the baseline percentage of visitors and
staff seeing CDI patients that did not practice hand hygiene was 72.5 percent (58/80) before entering
the room and 54.6 percent (42/77) after exiting the room (11.7% of which was ABHR hygiene only).?*

Regulatory agencies have implemented hand hygiene and reporting requirements in an effort to
improve compliance. In 2004, The Joint Commission required healthcare facilities to implement hand
hygiene programs, and starting in 2018, observation by surveyors of individual staff failure to perform
hand hygiene in the process of direct patient care began to be cited as a deficiency. CMS also identifies
deficiencies in LTCFs that do not meet hand hygiene standards, and requirements for Medicare and
Medicaid participation were revised in 2016 to reflect advances in the theory and practice of patient
safety.

4.2.3 Methods

The question of interest for this review is: Is hand hygiene effective at preventing CDI?

To answer this question, we searched the databases CINAHL and MEDLINE from 2008 to 2018 for
“Clostridium difficile” and related MeSH terms and synonyms, as well as “Hand Hygiene,” “Hand
Disinfection,” or “anti-infective agents.” The initial search yielded 168 results, and, after duplicates were
removed, 165 were screened for inclusion and 20 full-text articles were retrieved. Of those, 11 studies
and one systematic review were selected for inclusion in this review. Reference lists of included articles
were also screened to ensure thoroughness and four additional studies were retrieved via this method.
Articles were excluded if the outcomes were not relevant or precisely reported or study design was
insufficient. Studies in which hand hygiene was accompanied by other significant infection control
practices (e.g., changes in environmental cleaning) were ruled out for this section and are considered in
Section 4.6, Multicomponent CDI Prevention Interventions.

General methods for this report are described in the Methods section of the full report.

For this patient safety practice, a PRISMA flow diagram and evidence table, along with literature-search
strategy and search-term details, are included in the report A through C appendixes.
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4.2.4 Review of the Evidence

We reviewed five quasi-experimental studies on HCW hand hygiene initiatives and CDI rates in real-
world clinical settings. Most of the studies (4/5) showed statistically nonsignificant improvements in CDI
rates after implementation of a hand hygiene intervention. In all the studies, the hand hygiene
initiatives targeted multiple HAls and not CDI specifically. In this review of the evidence, we first present
important methodological considerations, followed by more detailed study outcomes. We then highlight
one study on patient hand hygiene. Then we discuss an additional five in vitro studies that focus on
methods for hand hygiene (e.g., type of cleaning agent, handwashing technique, glove removal) to
reduce C. difficile hand contamination.

4.2.4.1 Evidence Limitations

Consistent with the findings of others (e.g., Louh et al., 2017), the studies on hand hygiene and CDI were
generally of low quality and did not address multiple confounding factors.? In some studies, the
researchers failed to control for important variables, such as antimicrobial prescribing.2® In addition,
there were issues with internal validity when measuring hand hygiene compliance, such as observer
reliability and the potential of workers to temporarily alter their behavior while being observed (i.e.,
Hawthorne effect). The studied hand hygiene interventions were intended to reduce transfer of multiple
infectious agents; while the researchers state that the interventions followed established guidelines, it
was not always clear how “compliance” was defined and measured and whether CDI-specific hand
hygiene guidelines were included.

More specifically, the studied hand hygiene initiatives aimed to reduce multiple HAls, and study authors
reported that the interventions included the promotion of ABHRs (either through additional dispensers
or by encouraging ABHR use). It is therefore important to consider the potential impact of ABHRs as a
strategy on the incidence of CDI. While ABHRs work to eliminate many other pathogens that cause
infection, ABHRs are shown to have limited effectiveness for CDI eradication.?® However, several
hospital studies that measured CDI rates after ABHR hand hygiene campaigns found that CDI rates
decreased or remained stable.

For example, Knight et al. (2010) conducted a retrospective chart analysis following 5 years of a hospital
ABHR policy (which included education and installation of ABHR dispensers) and found a significant
decrease in CDI (3.98 per 10,000 patient days after implementation of the ABHR policy, compared with
4.96 per 10,000 patient days before implementation (p=0.0036).2” Conversely, Silva et al. (2013) found
that hospital CDI rates remained stable despite several years of increased use of ABHRs.?® Researchers
speculate that these findings may be attributable to improved compliance with CDI prevention
strategies, increased awareness of the importance of hand hygiene in reducing infection, and the effect
of hand rubbing in reducing the bacterial load on hands. It is because promotion of ABHRs has not been
linked to increases in CDI that the CDC guidance promotes handwashing (not ABHRs) in cases of high
endemic CDI or CDI outbreaks.’

4.2.4.2 HCW Hand Hygiene Interventions and CDI Outcomes

As noted, the studied hand hygiene initiatives were intended to reduce several HAls and included some
or all of the following components: staff education, compliance monitoring and feedback, incentives,
promotion of guidelines, and, in some studies, new ABHR dispensers. Using p<0.05 as the standard, four
studies found decreases in CDI that were not statistically significant.?>3! One study did not provide a p-
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value.? The duration of the studied hand hygiene interventions ranged from 1 to 4 years. Measures
were based on pre-/post-hand hygiene compliance data and CDI incidence data. Results are presented
in Table 2.

Table 2: Studies on HCW Hand Hygiene Initiatives and CDI Rates (Published 2008-2018)

Article Setting Intervention CDI Outcome
Al-Tawfiq et al., |Oncology unit |Root cause evaluation tool, targeted staff Decrease in CDIs from 7.95 (Cl,
201730 at 350-bed education, monitoring 0.8937 to 28.72) to 1.84 (Cl,

hospital 0.02411 to 10.26) per 10,000
patient days (p=0.23)
Kirkland et al., |383-bed Staff education, promotions, measurement Decline in CDlIs from 0.9 to 0.6
2012% hospital and feedback per 1,000 patient days (p=0.1).
Schweon et al., |174-bed skilled |Increased ABHR dispensers, staff education, |Decrease in CDI rate per 1,000
20133 nursing facility |[monitoring, monthly staff hand hygiene resident days from 0.08 to 0.04
champion, patient education (p=0.36)
Sickbert- 853-bed Staff education, promotion/communications, |14% reduction in healthcare-
Bennett et al., |hospital data collection and feedback acquired CDI (p=0.070)
2016%
Stone et al., 187 acute Regional program, increased ABHR Decrease in CDI from 16.75 to
2012% hospitals dispensers, staff education, communications/ |9.49 cases per 10,000 bed days
promotion, hand hygiene audits (no p-value given).

Sickbert-Bennett et al. (2016) evaluated HCW hand hygiene compliance and HAIs following the
implementation of “Clean In, Clean Out” in an 853-bed hospital in North Carolina. The hospital hand
hygiene program included focus on cleaning hands before and after working with patients, covert
observation of compliance, staff data collection, and feedback. After 17 months, the researchers found a
10 percent improvement in appropriate hand hygiene compliance and a 14 percent reduction in
healthcare-acquired CDI (p=0.070), as well as decreases in other HAls. The published article did not
clarify what constituted hand hygiene compliance, and whether ABHR use or handwashing was
considered compliant, making it difficult to determine which practice may have contributed to the CDI
reduction.

Following a 3-year hand hygiene initiative in a 383-bed teaching hospital in rural New Hampshire,
Kirkland et al. (2012) evaluated hand hygiene compliance and HAI rates. This study described promotion
of published hand hygiene guidelines but did not specify whether handwashing for CDI was emphasized.
The initiative included leadership endorsement, measurement and feedback on hand hygiene
compliance, and education. Over the study period, observed hand hygiene compliance increased
significantly from 41 percent to 87 percent (p<0.01), and the overall HAI rate declined significantly (from
4.8 to 3.3 per 1,000 inpatient days; p<0.01). The decline in CDI was not statistically significant (0.9 to 0.6
per 1,000 patient days, p=0.1); like other smaller studies, statistical significance was potentially due to
small sample size.?® This was one of three studies that found statistically nonsignificant decreases in CDI
following staff hand hygiene initiatives.?*3!

Several studies explored initiatives in which ABHR protocols were described as a key component. For
example, in the only study in a nonhospital setting, Schweon et al. (2013) studied a hand hygiene
program in a 174-bed skilled nursing facility. The program included installation of a number of new
ABHR dispensers, staff education on handwashing guidelines, staff monitoring, and patient education on
when to conduct hand hygiene. A monthly hand hygiene champion was recognized, and hand hygiene
posters were placed around the facility. Following the year-long program, most HAls decreased but only
lower respiratory tract infections showed statistically significant decreases. CDI rate per 1,000 resident
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days decreased but was not significant (from 0.08 to 0.04; p=0.36). Again, it is not clear the degree to
which the use of ABHRs was deemed an appropriate practice for hand hygiene.?!

Like the hand hygiene program studied by Schweon and colleagues (2013),3! the regional initiative

described by Stone et al. (2012) measured HAI rates following a hygiene initiative at acute care hospitals
in England and Wales, which included ABHR promotion in addition to other strategies (although in year
4 of the study, the 2009 WHO protocols for hand hygiene were adopted). The initiative titled
“Cleanyourhands” was informed by Habit-Forming Theory3*3* and included installation of ABHR
dispensers, materials promoting hand hygiene, and regular hand hygiene audits. After 4 years, the CDI
rate decreased from 16.75 to 9.49 cases per 10,000 bed days, but the report did not mention statistical
significance. Researchers found that increases in the amount of soap purchased by facilities was
independently associated with reduced CDI throughout the study. The researchers also noted potential
confounders that they did not study (e.g., antimicrobial prescribing rates).?®

4.2.4.3 Patient Hand Hygiene

In the past decade, patient hand hygiene has received increasing attention as a potential major source
of C. difficile transmission in healthcare settings. Patients colonized with C. difficile often go undetected
and may transmit C. difficile to HCWs’ hands directly, or indirectly through contaminated surfaces in the
healthcare environment. Patient mobility, dexterity, and cognitive limitations can be barriers to patient
hand hygiene.?®% One study found patient hand hygiene compliance rates as low as 10 percent.%®

Pokrywka et al. (2017) conducted a study in a 495-bed university-affiliated medical center on a patient
handwashing program focused specifically on CDI reduction. In this intervention, hospital staff were
educated about specific times when they should encourage and assist patients with handwashing and
hand hygiene (i.e., practicing hand hygiene prior to meals, after using the toilet or bedpan, prior to
touching dressings and incisions, after returning from testing or a procedure, before and after having
visitors). After a trial conducted on four units in the hospital, the initiative was implemented
hospitalwide.

Post-implementation patient survey results showed some improvement in staff assistance with patient
hand hygiene, and the CDI standardized infection ratio (SIR) decreased in the first two quarters after
implementation, from 0.834 to 0.572 and 0.497 (p<0.05). (The NHSN uses SIRs to track HAls over time;
the SIR compares the actual number of HAIs at each hospital with the predicted number). Infection rates
increased in the third and final quarters of the measurement period, which potentially shows the need
for sustained staff education and reminders to consistently educate new patients.*®

4.2.4.4 Studies on Hand Hygiene Methods for C. difficile

Decontamination
It is believed that the mechanical action and friction from handwashing helps to remove C. difficile
spores from hands. To explore this theory, Isaacson et al. (2015) experimented with the use of sand to
remove C. difficile spores from hands and compared these results with washing with soap and water. In
this study, 14 subjects each used five different hand hygiene methods following contamination with
C. difficile (4 x 10° colony forming units). The hand hygiene methods were water rinse, water rub and
rinse, water and antibacterial soap, oil/baking soda/dish detergent/water, and sand rub and water rinse.
The use of sand and water resulted in the greatest reduction in spores, but results were not significant.
Compared with antibacterial soap and water, which resulted in an average 1.84 log reduction (SD 0.46)
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or 98.5 percent, sand and water resulted in an average 2.34 log reduction (SD 0.33) or 99.5 percent.
Compared with soap and water, the sand and water method removed a statistically significant greater
average amount of C. difficile spores (-0.50; p=0.003).>’

Other studies examined the efficacy of handwashing with soap and water. To compare five practical
strategies for hand hygiene, Oughton et al. (2009) conducted an experiment with 10 volunteers to
measure the efficacy for C. difficile spore removal from the whole hand or just the surface of the palm.
The researchers found that, using both whole hand and palmar surface protocols, washing with warm
water with plain soap left the lowest amount of C. difficile spores, followed by cold water with plain
soap, warm water with antibacterial soap, antiseptic hand wipe, ABHR, and no hand hygiene.

Perhaps the most interesting finding from this study was that plain soap performed better than
antimicrobial soap in the whole-hand protocol.? Washing with non-antimicrobial soap and water was
more effective for removing C. difficile than 4% chlorhexidine gluconate hand wash. The researchers
speculate that this finding may be because a higher amount of organic matter is present on the whole
hand than on the palm, and high levels of organic matter interfere with the activity of chlorhexidine.
Edmonds et al. (2013) found similar results and noted that the most effective antibacterial products
were too harsh to be used on human skin (e.g., peracetic acid surfactant prototype [Triton-X],
commercial ink and stain remover, sodium tetraborate decahydrate powder [Borax]).®

Tomas et al. (2015) explored preventing HCW hand contamination from the removal of gloves and other
personal protective equipment. The study found that, after CDI patient care, 16 percent of HCWs had
CDlI spores on their hands after removing gloves and personal protective equipment (n=25). The
frequency of contamination was reduced to 7 percent after an educational intervention on proper
glove/gown removal (p=0.4) and further reduced to 0 percent after disinfection of gloves with bleach
wipes (p=0.04).12

Due to complaints of irritation from the bleach wipes, Tomas et al. (2016) conducted a second study in
which HCWs used a sporicidal formula (of acidic ethanol) instead of bleach for glove decontamination
(to use before glove removal). The findings suggest that the sporicidal properties of certain solutions
could be useful for glove disinfection before removal, when caring for CDI patients. The reduction
achieved by the sporicidal ethanol solution (70% ethanol pH 1.3) was equivalent to the 1:100 dilution of
bleach on artificially contaminated gloves. Researchers tested glove contamination of HCWs following
159 CDI patient care episodes and found that the sporicidal ethanol resulted in significantly reduced
glove contamination, whereas 70% ethanol did not. Despite the promise of glove decontamination as a
prevention strategy, the authors stipulate that decontaminating gloves would not replace HCWs
washing their hands after glove removal.®®

4.2.4.5 Economic Outcomes

In general, the literature regarding hand hygiene indicates that the costs associated with preventing
HAIs far outweigh the costs to improve hand hygiene compliance.?*2 Sickbert-Bennett et al. (2016)
reported that the cumulative prevention of HAIs saved approximately $5 million at their institution.3?
Although some cost-effectiveness analyses are available for hand hygiene programs in general, we could
not find financial outcomes related to hand hygiene and CDI specifically. To better understand and
encourage the implementation of hand hygiene initiatives, it would be beneficial to take into account
the cost of a hand hygiene initiative (staffing, staff time, supplies, installation of sinks, etc.), as well as
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the costs of sustaining a program, and compare these totals with estimated savings in terms of medical
costs from CDI prevention.

4.2.5 Implementation

A systematic review by Neo et al. (2016) of 73 studies published from 2002 to 2015 on interventions to
increase hand hygiene compliance in healthcare settings found five general intervention types:

e Education

e  Facility design (installation of sinks and ABHRs)
e Unit-level protocols and procedures

e Hospitalwide programs

e Multimodal interventions

Among the review’s conclusions were recommendations that hand hygiene education be interactive and
engaging and that interventions be tailored to the institution’s unique needs.3® Researchers have
assessed barriers to hand hygiene and report that hand hygiene interventions should be tailored to the
particular classification/role of staff and that context and staff needs should be taken into account when
designing hand hygiene interventions. For example, Kirkland et al. (2012) noted that regular review of
data linking hand hygiene performance to HAls was persuasive for physicians, but they were less likely
to engage in educational programs geared toward staff with less medical knowledge.?

In an example of addressing a facility’s unique needs, Al-Tawfiq et al. (2018) described positive
experience using The Joint Commission Center for Transforming Healthcare’s web-based Targeted
Solutions Tool® (TST®) to improve hand hygiene and reduce HAls in a 30-bed oncology/hematology
inpatient unit in Saudi Arabia. The tool is designed to identify root causes of nonadherence to hand
hygiene and improve process outcomes. Researchers found that housekeepers needed more help than
other staff help with improving hand hygiene, but these workers were not fluent in either English or
Arabic (the dominant languages) and their educational levels varied substantially. To address this issue,
an extensive training program was developed for housekeeping staff using in-action learning tools and
translators. After 1 year, the hand hygiene compliance rate increased from 75.4 percent at baseline to
88.6 percent (p<0.0001). Researchers found a decrease in CDIs from 7.95 (Cl, 0.8937 to 28.72) to 1.84
(Cl, 0.02411 to 10.26) infections per 10,000 patient days that was not significant (p=0.23) and cited
sample size as a barrier to statistical significance.®®

An interactive strategy to assist HCWs in improving glove and gown removal technique includes the use
of fluorescent lotion. In the training described by Tomas et al. (2015), fluorescent lotions were used to
help HCWs learn proper glove and gown removal to minimize hand contamination. The fluorescent
lotion provides immediate visual feedback on contaminated sites.!? A similar strategy includes the use of
nonpathogenic RNA beads that fluoresce under ultraviolet (UV) light to help track contamination during
removal of personal protective equipment. This practice can help HCWs see that glove use does not
preclude the need for hand hygiene.*
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4.2.6 Additional Contextual Factors

The design of the healthcare environment can affect hand hygiene compliance. Some researchers
suggest a human factors engineering approach that calls for abundant, convenient, and available sinks,
handwashing products, and ABHRs to improve compliance.*® Several researchers found that longer
distances to sinks, and sink visibility, were related to HCW handwashing compliance. For example,
Zellmer et al. (2015) reviewed the practices of HCWs and visitors for CDI-positive patients on a
transplant medical-surgical unit at a large academic medical center. While there were sinks in the
patients’ rooms, these were not used due to the placement of furniture, patients’ personal items
blocking access, and lack of foot pedals. Before the study began, the only two easily accessible sinks
were at the end of a hallway. After the installment of two highly visible sinks in the unit, completion of
proper hand hygiene on exiting the CDI patient room improved by 18 percent (p=0.03).%*

In another example, Deyneko et al. (2016) investigated the relationship between sink location and HCW
compliance with handwashing; their multivariate analysis found that increased distance between the
patient zone and the nearest sink was inversely associated with handwashing compliance. The median
distance to the nearest sink was 7.6 meters when hand hygiene was correctly performed, but 14.9
meters when it was omitted (p<0.001). There was also a strong association between the number of 90°
turns required to reach the sink and handwashing compliance.?

4.2.7 Resources To Assist with Implementation

AHRQ Safety Program for Long-Term Care: HAIs/CAUTI — The How-To’s of Hand Hygiene:
https://www.ahrq.gov/professionals/quality-patient-safety/quality-resources/tools/cauti-
Itc/modules/implementaion/education-bundles/infection-prevention/hand-hygiene/hand-hygiene-
slides.html

CDC Clean Hands Count Campaign:
https://www.cdc.gov/handhygiene/campaign/index.html

Sequence for putting on and removing personal protective equipment:
https://www.cdc.gov/hai/pdfs/ppe/PPE-Sequence.pdf

The Joint Commission Center for Transforming Healthcare Hand Hygiene Targeted Solutions Tool:
https://www.centerfortransforminghealthcare.org/what-we-offer/targeted-solutions-tool/hand-

hygiene-tst

Veterans Health Administration: Infection: Don’t Pass It On education and communication materials:
https://www.publichealth.va.gov/infectiondontpassiton/index.asp

WHO Hand Hygiene Tools and Resources:
https://www.who.int/infection-prevention/tools/hand-hygiene/en/

4.2.8 Gaps and Future Directions

As already noted, there is a need for more real-world randomized and crossover hand hygiene studies in
which CDI prevention is a primary focus. One of the most important omissions of the reviewed
clinical/quasi-experimental studies was that compliance with hand hygiene practices specific to CDI was
not distinctly measured and reported. In several of the reviewed studies, hand hygiene processes (end
points) were clinician hand hygiene at the appropriate moments, not whether a CDI-appropriate
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method (e.g., use of gloves and washing hands in outbreak/hyperendemic settings) was used.3%? CDI-
specific research would help improve understanding about the impact of using ABHRs versus
handwashing when working with CDI patients. In addition, the strength of the research on hand hygiene
in clinical settings and hand hygiene methods was limited by small sample sizes.

Research on hand hygiene interventions in a wide variety of setting types (and in multiple settings) is
needed given that hand hygiene behaviors and challenges differ across settings. Neo et al. (2016) found
in their review that most studies of hand hygiene interventions were in hospitals or ICUs.3® As CDI
disproportionately impacts elderly and immunocompromised patients, more research is needed on CDI
and hand hygiene in LTCFs that serve these specific patient populations. In addition, LTCFs have unique
staffing and environmental factors and require different types of patient contacts than hospitals do.
Many nursing home facilities are designed to encourage social contact between patients, and patients
move throughout the facility coming into contact with spaces outside their rooms (e.g., dining room,
physical therapy room). In such settings, hand hygiene programs aimed at patients could be particularly
impactful. Additional studies in the outpatient setting would also be useful.

Patient hand hygiene is a promising area of prevention and research. As the role of colonized patients is
increasingly understood, patient hand hygiene analyses will likely account for patients with
asymptomatic colonization in addition to those with CDI. As found by Kundrapu et al. (2014), the
numbers of CDI colonies recovered from patients’ hands were similar for those diagnosed with CDI and
asymptomatic carriers.'® Due to some of the barriers for patient hand hygiene, including mobility, some
have suggested more research into the potential of using skin-safe cleaning wipes with C. difficile
eliminating agents (e.g., sporicidal electrochemically generated hypochlorous acid solution) for patients
who cannot ambulate or be brought to sinks for routine handwashing.?®#! Patient education about C.
difficile is potentially important. Kundrapu et al. (2014) found that 73 percent of colonized and infected
patients in their study were not aware that ABHR does not kill C. difficile spores.?®

Some research has been conducted to identify new ways to decontaminate HCWs’ hands. Researchers
may continue to explore potential noncorrosive hand rubs that provide the convenience of a hand rub
and are more effective at killing all pathogens, including C. difficile spores.?® For example, an
experimental study by Nerandzic et al. (2013) found that sporicidal electrochemically generated
hypochlorous acid solution (Vashe), used to soak or as a wipe, is effective in reducing spores. Wiping
with Vashe-soaked cloths significantly enhanced reduction of C. difficile spores by approximately 68
percent (0.5 logio CFU [colony-forming unit]; p<0.01).*! Vashe is FDA approved for use on wounds, and
more research is needed to determine safety for other uses. In addition, more real-world research is
needed to determine efficacy for HCW exposure to C. difficile.

Direct and persistent observation is both a study technique and an intervention to encourage hand
hygiene. There are some limits to in-person monitoring, including cost, feasibility of achieving sufficient
sample size, sustainability, potential for HCWs to temporarily alter behavior while being observed, and
lack of consistency (within and across studies) for measuring compliance. Monitoring by video is another
observation strategy that eliminates the physical presence of the observer but has some of the same
drawbacks as in-person monitoring.**

Staats et al. (2017) studied the use of electronic monitoring, using radio frequency identification, in 71
hospital units. HCWs were given badges that communicated with a network of sensors throughout the
hospital and at hand hygiene stations. Monitoring measured whether the HCWs used hand hygiene
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stations at the appropriate place and time. The researchers found that electronically monitoring
individual compliance resulted in a large, positive increase in compliance that was not sustained.®

One drawback of electronic monitoring and censors is cost, and more research is needed. Other
strategies include use of electronic counters on ABHRs and measuring handwashing product use. The
drawbacks of these strategies is they do not account for appropriate hand hygiene technique, hand
hygiene moments, and person using the product (patients and visitors may also use these products).*?

The use of gloves for preventing transmission of CDI is strongly recommended in the guidelines yet not
well studied in the healthcare setting. More research could be done on promoting HCW compliance with
glove use, barriers and facilitators, and best practices for glove use when working with CDI patients.

Finally, interventions for hand hygiene will need to address issues of sustainability, as multiple studies
reported declines in compliance after the hand hygiene intervention period.3>* For example, Pokrywka
et al. (2017) report that sustainability requires ongoing leadership, continued staff reminders, education
for new staff, and ongoing resources, without which hand hygiene compliance rates will fall.?® Kirkland
et al. (2012) report that understanding the hospital context, based on responses to the initiative across
units and HCW types, helped sustain improved hand hygiene compliance rates for a year following a 3-
year hand hygiene initiative.?° Additional research concerning the sustainability of hand hygiene
programs would be helpful to improve understanding.
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4.3 CDI PSP 3: Environmental Cleaning and

Decontamination

Reviewers: Arjun Srinivasan, M.D., and Katharine Witgert, M.P.H.

This review includes a summary of evidence published
from 2008 to 2018 on environmental cleaning and
decontamination as a prevention practice for CDI. We
start with a definition of terms by the CDC and a brief
practice description for environmental cleaning and
decontamination for C. difficile from the 2017
guidelines by the IDSA and SHEA. The review then
provides an overview of how environmental cleaning
and decontamination work as a safety practice for
preventing the transmission of C. difficile.

Next, we summarize the evidence for the impact of
environmental cleaning and decontamination
interventions on CDI rates and highlight some
experimental research on cleaning agents for C.
difficile. We then explore implementation factors,
including monitoring and improving the performance
of environmental service workers and challenges with
the use of decontamination equipment. Finally, we
explore gaps and future directions for environmental
cleaning and decontamination for C. difficile. The

review’s key findings are located in the box on the right.

4.3.1 Practice Description

Key Findings

e The most recommended cleaning and

decontamination agents for manual use are
chlorine-based solutions.

In many of the reviewed studies, the addition
of hydrogen peroxide decontamination (HPD)
or ultraviolet light decontamination (UVD) to
standard cleaning was associated with
significant reductions in facility-level CDI rates.
HPD and UVD have drawbacks, including
expense and the time it takes to
decontaminate a room. However, the process
for UVD is shorter than for HPD.

The performance of environmental cleaning
services staff is important and can be
improved through the use of training,
checklists, and audit and feedback.

There is a need for higher quality studies,
multifacility studies, and studies that compare
cleaning and decontamination methods.
Future directions include research and
development of nontoxic decontamination
agents, new technologies, and research on
patient outcomes and environmental cleaning
in diverse healthcare settings.

The CDC (2008) in their guideline for sterilization and disinfection of healthcare facilities define the
practice of cleaning in the healthcare environment as “the removal of visible soil (e.g., organic and
inorganic material) from objects and surfaces” (page 9).! The CDC defines disinfection as the elimination
of many or all pathogenic microorganisms from the environment, while sterilization refers to the

elimination of all forms of microbial life.

Decontamination is the process to remove pathogenic microorganisms from objects for the purposes of
safe handling and use. The CDC states that cleaning (i.e., removing visible material from surfaces) is a
first step in the decontamination process so that organic or inorganic material does not interfere with
decontamination. As outlined in this report, the use of sporicidal agents to manually clean healthcare

environments is a form of both cleaning and decontamination. Use of touchless automated methods are
solely for the purpose of environmental decontamination.

Recommended environmental cleaning and decontamination practices are outlined in the IDSA/SHEA
2017 revised guidelines for C. difficile.? These recommendations include IDSA/SHEA statements about
the strength of the recommendation and quality of evidence. Recommendations applicable to

environmental cleaning and decontamination include:
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e Terminal room cleaning (cleaning after a patient is discharged or transferred from a room) with a
sporicidal agent should be considered in conjunction with other measures to prevent CDI during
endemic high rates or outbreaks, or if there is evidence of repeated cases of CDI in the same room
(weak recommendation, low quality of evidence).

e Daily cleaning with a sporicidal agent should be considered in conjunction with other measures to
prevent CDI during outbreaks or in hyperendemic (sustained high rates) settings, or if there is
evidence of repeated cases of CDI in the same room (weak recommendation, low quality of
evidence).

e Measures of cleaning effectiveness should be incorporated to ensure quality of environmental
cleaning (good practice recommendation).

e Disposable patient equipment should be used when possible and reusable equipment should be
thoroughly cleaned and disinfected, preferably with a sporicidal disinfectant that is equipment
compatible (strong recommendation, moderate quality of evidence).

The IDSA/SHEA state in the guidelines that they have no recommendation for the use of automated
touchless terminal (i.e., upon discharge) disinfection CDI prevention due to data limitations. The CDC
guidelines for environmental cleaning and decontamination for C. difficile include the creation of daily
and terminal cleaning protocols and checklists for patient-care areas and equipment.? Other guidelines
from an earlier SHEA/IDSA report for acute care facilities recommend frequent education for
environmental service personnel in the primary language of the cleaning team and the use of various
techniques to help improve cleaning and decontamination practice as outlined by the CDC* (e.g.,
observation, fluorescent markers, and bioluminescence).*®

Safety practices for laundry, bedding, and other environmental services are included in the CDC's
“Guidelines for Environmental Infection Control in Health Care Facilities.”® Guidelines for specific facility
types, including hospitals, nursing homes, long-term acute care facilities, and outpatient facilities, are
available from the CDC and other healthcare agencies. We include some of these resources later in this
chapter.

4.3.2 Environmental Cleaning as a Safety Practice

The healthcare environment is recognized as a primary source of C. difficile transmission.” C. difficile is
spread through the feces of infected and colonized patients. Patients with contaminated hands may
spread C. difficile by touching surfaces in the healthcare environment. Some evidence suggests C.
difficile may be dispersed to surfaces near the patient through droplets in the air.#° Transmission can
occur when other patients, healthcare staff, or visitors touch contaminated surfaces and orally ingest C.
difficile (e.g., while eating).” Those who take antimicrobials, are advanced in age, or have compromised
immune systems are at high risk of getting CDI from exposure to the pathogen. Others may become
asymptomatic carriers of C. difficile.?

Both symptomatic and asymptomatic carriers have the potential to contaminate the environment. In
one hospital, C. difficile was recovered from 59 percent of samples in rooms of asymptomatic carriers®®
and 75 percent of samples of rooms with patients with CDI.}! Patients may continue to contaminate the
environment after treatment.!? The most contaminated areas, or “high-touch surfaces,” include the bed
rails, bed surface, supply cart, over-bed table, and intravenous pumps.
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In one study, CHWSs’ hands were just as likely to be contaminated with C. difficile after touching high-
touch surfaces as they were by touching a CDI patient.' C. difficile produces spores that are especially
robust and may remain viable in the environment for over 4 days.'® Shaughnessy et al. (2011) examined
the potential role of environmental transmission of C. difficile through a prior room occupant and found
that the prior occupant’s CDI status was a significant risk factor for acquiring CDI (p=0.01; hazard ratio,
2.35), after controlling for other risk factors (e.g., antimicrobial use, age, proton pump inhibitors).®

Eliminating C. difficile in the healthcare environment requires specialized practices. Evidence shows that
C. difficile spores are resistant to alcohol and many hospital disinfectants.!” In one study, exposure of the
bacteria to low levels of certain cleaning agents resulted in higher CDI sporulation capacity (the ability
for vegetative cells to forms spores during unfavorable environmental conditions).!®

Among cleaning and decontamination agents for washing surfaces by hand, chlorine-releasing solutions
(e.g., bleach), at sufficient concentration and with appropriate exposure time (at least 10 minutes),
demonstrate the best evidence for killing C. difficile.*’ The CDC-recommended
cleaning/decontamination agents for C. difficile can be found on EPA List K: Registered Antimicrobial
Products Effective Against Clostridium difficile Spores.*®

Decontamination by hand is challenging and not always effective in reaching all contaminated surfaces
in the healthcare environment.>?° Automated touchless methods have been developed and
implemented to supplement cleaning by hand and prevent the spread of CDI and other HAls. The two
most commonly studied touchless methods for C. difficile decontamination are hydrogen peroxide
decontamination (HPD)—including vaporized, aerosolized, atomized, and dry mist systems—and
ultraviolet disinfection (UVD), which includes UV radiation and pulsed xenon UV light systems. In
laboratory studies, both methods have shown effectiveness in almost entirely eliminating C. difficile
contamination from targeted surfaces.???

Although subject to some debate, it is generally recommended that surfaces be precleaned by hand
prior to use of UVD or HPD, as organic matter is thought to reduce the efficacy of the UVD and HPD
methods.? In their review, Doll et al. (2015) found that studies were mixed as to which no-touch
method (UVD or HPD) was most effective at killing C. difficile. The UVD methods generally take less time
than HPD to decontaminate a room.?

There is increasing incentive for facilities to implement an effective environmental cleaning and
decontamination program as facility rankings and CMS reimbursement rates are tied to reported rates
of healthcare facility-acquired onset (HO CDI). The 2016 revised requirements for participation in
Medicare and Medicaid outlined the specific components of an effective infection control program,
including environmental cleaning and decontamination procedures. One review found that, among
several PSPs, environmental cleaning and decontamination practices were the most cost effective for
reducing facility-level CDI rates.?*

4.3.3 Methods

The question of interest for this review is: What are the most effective and feasible environmental
cleaning and decontamination practices to prevent CDI?

To answer this question, we searched the databases CINAHL and MEDLINE from 2008 to 2018 for
“Clostridium difficile” and related MeSH terms and synonyms, in combination with terms such as
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“Disinfection,” “Decontamination,” and “No-touch decontamination.” The search string also included a
variety of healthcare settings, including “hospitals,” “inpatient,” “ambulatory care,” “long-term care,”
and “transitional care.” After duplicates were removed, the initial search yielded 121 results that were
screened for inclusion. Of these, 45 full-text articles were retrieved. Of those, 18 studies and 3
systematic reviews were selected for this review.

Reference lists of retrieved articles were also screened to ensure thoroughness, and five studies were
retrieved that way. Articles from the searches were excluded if the outcomes were not relevant or
precisely reported or study design was insufficient (e.g., opinion pieces, nonsystematic reviews). Due to
the number of experimental studies on this topic, a select group are included in the evidence tables and
cited in the review. Studies in which environmental cleaning and decontamination were accompanied by
other significant infection control practices (e.g., changes in hand hygiene practices) were ruled out for
this section and are considered in Section 4.6, Multicomponent CDI Prevention Interventions.

General methods for this report are described in the Methods section of the full report.

For this patient safety practice, a PRISMA flow diagram and evidence table, along with literature-search
strategy and search-term details, are included in the report appendixes A through C.

4.3.4 Review of the Evidence

In this evidence summary, we review 12 articles and 2 reviews on environmental cleaning and CDI
patient outcomes. These studies were primarily (10/12) based in hospitals and examined CDI rates after
a period of enhanced cleaning and decontamination. In our search of the literature, we also found
numerous experimental studies published from 2008 to 2018 on environmental cleaning and
disinfection methods and CDI. Among these were three studies that compared UVD or HPD with bleach
cleaning. We also found two studies on alternatives to chlorine-based solutions for the manual
elimination of C. difficile from healthcare surfaces. We include a review of these experimental studies
and information from one qualitative study on concerns about the effects of bleach on HCWs. Two
systematic reviews included studies on environmental cleaning and CDI rates, and a third examined
research on cleaning agents used to eliminate the C. difficile organism.

4.3.4.1 Environmental Cleaning and Patient Outcomes: Studies and

Reviews
As shown in Table 3, the evidence for environmental cleaning and decontamination and CDI patient
outcomes includes 12 studies published from 2008 to 2018. Most studies showed statistically significant
reductions in CDI rates after a period of an environmental cleaning intervention; however, study quality
was low. These findings align with the review conducted by Louh et al. (2017) in their examination of
studies on CDI prevention practices in acute care hospitals from 2009 to 2015.2* We review five of the
same studies here.?>%

Louh et al. (2017) reported that environmental cleaning was the most cost effective of the multiple
strategies they studied.?* Khanafer et al. (2015) found nine studies on environmental cleaning and CDI
published from 1982 to December 2013.%° They concluded that environmental cleaning with a 10:1
bleach solution was both practical and effective. Of the nine studies, four are included here;?627.2931 we
excluded the remaining studies because they were published before 2008 or measured the combined
effect of several PSPs.
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The environmental decontamination strategies in this review fall into one of four categories: use of a
chlorine-based agent, use of a chlorine-based agent plus the use of HPD, a chlorine-based agent plus the
use of UVD, and one study about washable bed covers. Within these categories, certain variables
differed, such as the frequency of cleaning (e.g., daily or at discharge) and the area of cleaning (e.g., CDI
patient rooms, all patient rooms, communal spaces).

The studies reviewed here were primarily quasi-experimental with a before-after approach. The study
by Anderson et al. (2017) was the only randomized trial in the group of studies.?? The cleaning
intervention period ranged roughly from 8 months3! to 2 years.?® Two of the studies on HPD no-touch
decontamination methods received some financial support from the makers of the products, in the form
of free use of equipment® and reduced cost to use the products.3! Two UVD studies had more than one
author who was an employees of Xenex, the company that sells the machines that were studied in the

intervention.

34,35

Table 3: Studies From 2008 to 2018 on Environmental Cleaning/Decontamination and CDI Patients

Article Setting Intervention CDI Outcome
Anderson |9 hospitals Rooms from which a patient with CDl incidence among exposed patients was
et al,, infection or colonization with C. difficile |not changed after adding UV to cleaning with
201732 was discharged were terminally bleach (n=38 vs. 36; 30,4 cases vs. 31,6
disinfected with one of two strategies: |cases per 10,000 exposure days (relative
(1) bleach, and (2) UVD and bleach. risk [RR] 1.0, 95% CI, 0.57 to 1.75; p=0.997).
Best 30-bed stroke The unit performed one-time deep There were 20 CDI cases in the 10 months
et al., rehabilitation cleaning (1,000 parts per million [ppm] |before the intervention and 7 CDI cases in
2014% unit chlorine-based disinfectant) and the following 10 months.
atomized HPD, following a high
incidence of CDI in the unit.
Boyce 500-bed Highest incidence wards received On five high-incidence wards, the incidence
et al., university wardwide HPD cleaning. The hospital |of nosocomial Clostridium difficile-associated
20083t hospital also added terminal disinfection of disease (CDAD) was significantly lower
rooms occupied by CDI patients using |during the intervention period than during the
HPD (in addition to cleaning with 5,000 |pre-intervention period (1.28 vs 2.28 cases
ppm dilution of household bleach). per 1,000 patient days, p=0.047).
Hacek 3 hospitals with |Quaternary ammonium compound was | There was a 48% reduction in the
et al., total ~850 beds |replaced as a room cleaning agent with |prevalence density of CDI after the bleaching
2010% diluted bleach (5,000 ppm sodium intervention [95% CI, 36% to 58%,
hypochlorite) for terminal cleaning of p<0.0001].
rooms occupied by patients with CDI.
Cleaning walls was added to checklist.
Haas 643-bed tertiary |UVD followed discharge cleaning of Significant decrease in all measured HAls.
et al., care academic |contact precautions rooms (with 5,550 |Healthcare associated CDI decreased from
201425 medical center |ppm bleach solution) and other high-  [0.79 per 1,000 patient days to 0.65 per 1,000
risk areas. patient days (p=0.02).
Hooker Two long-term  |A washable cover was used for the At Hospital A, the use of bedcovers reduced
et al., acute care mattress and bed deck. The cover was |the rate of HO CDI by 47.8% (95% Cl, 47.1
2015% hospitals, one removed at discharge and laundered |to 48.6), controlling for the rate of
with 74 beds with hot water, chlorine, and detergent. |handwashing compliance and length of stay
and the other in days. At Hospital B, the use of bedcovers
with 30 beds reduced the rate of HO CDI by 50% (95% CI,

47.5 to 52.7), controlling for the rate of
handwashing compliance and length of stay
in days (no p-value provided).
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Article Setting Intervention CDI Outcome
Levin 140-bed acute  |UVD followed terminal cleaning with In 2010, the hospital-associated CDI rate
et al., care community |chlorine-based wipes (5,250 ppm) in was 9.46 per 10,000 patient days; in 2011, (1
2013% hospital CDI rooms. UVD was used in CDI and |year post-intervention), the CDI rate was
contact precautions rooms. 4.45 per 10,000 patient days (53% reduction,
p=0.01).
Manian 900-bed Terminal “enhanced cleaning” The nosocomial CDAD rate dropped
et al., community consisted of use of bleach (5,000 ppm) |significantly from 0.88 cases/1,000 patient
2013%» hospital followed by HPD using a priority scale |days to 0.55 cases/1,000 patient days (rate
based on the pathogen and room ratio, 0.63; 95% CI, 0.50 to 0.79, p<0.0001).
location.
Miller Long-term acute |UVD disinfection system was used for |Healthcare-associated CDI rates decreased
et al., care facility (bed |patient rooms (at discharge) and over a 15-month period from 19.3 per 1,000
2015% count not common areas (weekly). patient days to 8.3 per 1,000 patient days, a
provided) 56.9% reduction (p=0.02).
Nagaraja |180-bed ICU Terminal cleaning with UVD was used |Compared with pre-UVD, during UVD, CDI
et al., in addition to standard cleaning for all |was 22% less (p=0.06) (borderline statistical
201536 contact precautions rooms. significance).
Orenstein |2 medical units |Daily and terminal cleaning with Hospital-acquired CDI incidence decreased
et al., at 1,249-bed germicidal bleach wipes (0.55% by 85%, from 24.2 to 3.6 cases per 10,000
201177 hospital bleach, i.e., 5,500 ppm) took place in  |patient days (p<0.001).
all patient rooms. (Replaced quaternary
ammonium compound.)
Vianna 206-bed In the ICU, the goal was for all room CDIs decreased by 41% (p=0.01). Greater
et al., community discharges and transfers to be treated |reductions were seen in ICU versus hospital
20163 hospital with UVD disinfection after standard (61% vs. 29%).

cleaning and prior to the next patient
occupying the room. For all non-ICU
discharges and transfers, the UVD was
only used for C. difficile discharges.

4.3.4.2 Studies: Cleaning With Bleach

Two of the reviewed studies examined patient outcomes after a period in which patient rooms were
cleaned with bleach either daily or at patient discharge. Hacek et al. (2010) evaluated a cleaning
intervention at three hospitals with a total of approximately 850 beds in which terminal cleaning of the
rooms occupied by CDI patients was conducted with a bleach solution (5,000 ppm) as a replacement for
guaternary ammonium compound. In addition to the switch to bleach, walls were added to a checklist
of surfaces to clean after patient discharge. The change in cleaning practices was a response to increases
in CDI at the hospitals. The cleaning initiative included periodic unannounced cleaning assessments by
supervisory staff.

Following 2 years of the new cleaning procedures, the average number of CDI patients per 1,000 patient
days decreased from 0.85 before the use of bleach to 0.45 during bleach cleaning. There was a 48
percent reduction in the prevalence density of CDI (95% Cl, 36% to 58%, p<0.0001) compared with the
10 prior months. The researchers report that there were no other significant infection prevention
practice changes during the cleaning intervention implementation period.?

Orenstein et al. (2011) measured CDI outcomes following a cleaning intervention on two hospital wards
with high baseline incidences of CDI. The cleaning program included switching from the use of
guaternary ammonium compound to that of germicidal bleach wipes (5,500 ppm active chlorine) for
daily and terminal cleaning of patient rooms. To evaluate progress and cleaning performance, certain
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rooms were randomly assessed for cleanliness with the use of adenosine triphosphate bioluminescence,
which detects organic matter on surfaces.

Following a year of the new cleaning procedures, the researchers found a reduction in hospital-acquired
CDl incidence of 85 percent, from 24.2 to 3.6 cases per 10,000 patient days (p<0.001). The researchers
cite evidence about the role of asymptomatic carriers in contaminating the environment with C. difficile
and conclude that daily bleach cleaning of all rooms on the wards with high incidence of CDI may be
more effective than only terminal cleaning of the CDI rooms. They theorize that cleaning with bleach
helps to reduce the chance of transmission of C. difficile via the environment and onto the hands of
HCWs. Orenstein et al. (2011) examined the potential influence of confounding factors and report that
they controlled for other infection prevention practices prior to the intervention.?”

4.3.4.3 Studies: Hydrogen Peroxide Decontamination

Three reviewed studies examined the use of HPD for patient room decontamination and found
reductions in CDI rates.?>3%33 The three cleaning and decontamination interventions all added the use of
HPD to cleaning with bleach and were using bleach for terminal cleaning of CDI rooms prior to the
intervention. The frequency of HPD varied across the studies, ranging from a one-time HPD deep clean
of a ward, to priority-based HPD terminal cleaning of rooms,* to a one-time deep HPD cleaning of five
high-incidence wards followed by terminal HPD cleaning of CDI patient rooms.3!

Boyce et al. (2008) found that, following a deep cleaning of five wards with HPD, then 8 months of
terminal cleaning of CDI-occupied rooms with bleach and HPD, the incidence of nosocomial CDI
decreased from 2.28 to 1.28 cases per 1,000 patient days (p=0.047).3! Manian et al. (2013) evaluated an
intervention at a 900-bed community hospital, in which HPD was added to terminal cleaning of all
rooms. When HPD decontamination was not possible, CDI rooms were cleaned with four rounds of
bleach cleaning. After approximately 7 months, the rate of nosocomial CDAD dropped significantly, from
0.88 cases/1,000 patient days to 0.55 cases/1,000 patient days (rate ratio, 0.63; 95% Cl, 0.50 to 0.79,
p<0.0001). These results are somewhat difficult to interpret as approximately half of the CDI rooms
were cleaned with HPD and half were cleaned with four rounds of bleach cleaning.?

4.3.4.4 Studies: Ultraviolet Environmental Disinfection

Six studies selected for this review examined the use of UVD and CDI patient outcomes. Of these, four
studies showed statistically significant decreases in CDI following a period of UVD added to standard
terminal cleaning with bleach of CDI patient rooms?>?%3435 and one found borderline significant
reductions in CDI.3® In one example, Vianna et al. (2016) report on the addition of UVD to terminal
cleaning with bleach in a 206-bed hospital. The terminal UVD procedure was implemented for all room
discharges in the ICU and for rooms occupied by patients with C. difficile in the rest of the hospital.

Following 21 months of the UVD intervention, the researchers reported a 41 percent decrease in CDI
(p=0.01). CDI reductions were greater in the ICU than in the rest of the hospital (61% vs. 29%). The
results indicate that UVD is effective when deployed to higher risk/higher acuity settings (e.g., the ICU)
and/or when used in all room discharges (not just for patients with C. difficile). One potential
confounder was an ASP, implemented 11 months prior to adoption of UVD. However, this change was
not statistically linked to the reduction in CDI rates during the UVD period.3*

Long-term acute care facilities have different environmental cleaning/decontamination needs than
hospitals. For example, patient stays are longer than in the hospital, so patient rooms turn over less
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frequently. In a study of CDI patient outcomes and environmental cleaning in a long-term acute care
facility, Miller et al. (2015) looked at the addition of UVD to standard procedures for cleaning patient
rooms at discharge and for cleaning common areas on an approximately weekly basis. For rooms
occupied by C. difficile patients, standard procedures also included cleaning with a bleach solution.

During a 15-month period of added UVD, CDI rates decreased from 19.3 per 1,000 patient days to 8.3
per 1,000 patient days, a 56.9 percent reduction (p=0.02). It is important to note that in the prior year,
the facility had implemented additional infection prevention measures consisting of education for staff
around hand hygiene for CDI, disposable equipment, additional handwashing sinks, reminders about
equipment decontamination, and a checklist for terminal cleaning. It is possible that the reductions in
CDI rates reflect the longer term impact of these measures.®

In the most robust study, less favorable results were found in a broad cluster-randomized study of nine
hospitals, in which terminal cleaning with bleach of all rooms occupied by CDI patients was compared
with terminal cleaning with bleach plus UVD. In this crossover trial, Anderson et al. (2017) found that,
comparing the strategies for 7 months each, the incidence of CDI infection among patients exposed to
rooms previously occupied by patients with CDI was unchanged (n=38 vs 36; 30.4 cases vs 31.6 cases per
10,000 exposure days; relative risk 1.0, 95% Cl 0.57 to 1.75, p=0.997).3

4.3.4.5 Study: Launderable Bed Covers

Hooker et al. (2015) examined CDI rates associated with the introduction of launderable bed covers at
two long-term acute care hospitals. The researchers note that prior studies had shown that HAls could
be spread through contaminated mattresses (which are difficult to clean without damaging) and
bedframes (i.e., bed decks). To prevent this source of transmission, the cleaning intervention consisted
of the use of washable bed covers that covered both the mattress and bed deck. (The covers consisted
of the same material used in high-end mattresses and allow moisture transmission.) The washable
covers were used on all patient beds, removed after every patient discharge, and replaced with a clean
cover.

After 14 months of use of the bed covers, the rate of CDIs at one hospital decreased 47.8 percent (95%
Cl, 47.1 to 48.6), controlling for the rate of handwashing compliance and length of stay in days. At the
second hospital, the rate of CDIs decreased by 50 percent (95% Cl, 47.5 to 52.7), controlling for the rate
of handwashing compliance and length of stay in days. Data were not available on antimicrobial use, so
this variable was not factored into the analyses. Hooker and colleagues (2015) theorized that, in
addition to reducing the spread of C. difficile, the use of bed covers could help to reduce room turnover
time between patients as the bed surfaces did not require thorough cleaning.?’

4.3.4.6 Laboratory and Quasi-Experimental Studies

A number of studies and one review compare the performance of different cleaning agents and
methods in removal/eradication of the C. difficile organism. We provide a sample of studies in the next
two segments.

4.3.4.6.1 Experimental Studies: HPD and UVD Versus Bleach

Several experimental studies compared the touchless methods with bleach cleaning with mixed results.
Ghantoji et al. (2015) examined whether, after cleaning with standard detergents, terminal cleaning
with bleach solution or UVD was more effective at removing C. difficile. High-touch surfaces in rooms
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previously occupied by CDI patients were sampled after discharge and before and after the use of both
methods. The researchers found that the difference in final contamination levels between the two
cleaning protocols was not significant (p=0.98).38 Similarly, Mosci et al. (2017) looked at hydrogen
peroxide and silver ion solution compared with cleaning with bleach following standard cleaning for
removing C. difficile on different surfaces in a hospital. After disinfection, 0 percent (p<0.001) of samples
were contaminated with C. difficile after HPD, and 3 percent (p<0.001) of samples were contaminated
after bleach cleaning. The differences between groups was not statistically significant and the time for
each cleaning intervention was roughly the same.%

Barbut et al. (2009) found that an in situ hydrogen peroxide dry mist system was more effective than
0.5% sodium hypochlorite solution at eradicating C. difficile spores; samples taken from hydrogen
peroxide-treated rooms showed a 91 percent decrease in C. difficile, whereas samples taken after
hypochlorite decontamination showed a 50 percent decrease in C. difficile (p<0.005).%

4.3.4.6.2 Experimental Studies: Alternatives to Bleach

While cleaning with bleach and chlorine-based solutions has been shown to be highly effective in
eliminating C. difficile from surfaces, these agents can be corrosive to metals and irritating to skin and
mucus membranes.'” Housekeepers have reported respiratory irritation when using bleach and other
chlorine-based disinfectants.*! One reason for terminal cleaning rather than daily cleaning of CDI patient
rooms is for environmental services staff to avoid excessive exposure to bleach.?® Concerns for patients
and employees include the appearance of bleach residue left on surfaces, odors, and respiratory tract
irritation.*! Due to the toxicity of bleach, the Occupational Safety and Health Administration
recommends using gloves and eye protection, ventilating the room properly, preparing the bleach
solution daily, and allowing the solution to stand at least 30 minutes after preparation before use.

Several studies have examined potential alternatives to bleach. For example, Alfa et al. (2008) looked at
different formulations of hydrogen peroxide for cleaning toilets contaminated with C. difficile. The
researchers found that one of the tested hydrogen peroxide alternatives was equivalent to bleach 1,000
ppm after 1 minute but was not as efficient as that achieved for bleach at 5,000 ppm (1:10 bleach to
water).*

Peracetic acid has performed similarly to bleach.*® Kundrapu et al. (2012) studied the potential use of a
peracetic acid-based disinfectant because preliminary studies indicated that it was as effective as bleach
solution but less corrosive and irritating. The peracetic acid was associated with a significant reduction in
the frequency of acquisition of pathogens on investigators’ hands after contact with the surfaces and in
the mean number of colony-forming units acquired. Patients in the rooms reported no adverse effects
during use of the product, and there were no complaints from the nursing staff.*

4.3.4.7 Economic Outcomes

In the reviewed studies, there was limited financial information on the studied cleaning and disinfection
interventions. The article by Orenstein et al. (2011) was an exception, reporting that the cost of the
bleach wipes used for the daily and terminal cleaning of two medical units was $12,684 per year. They
estimated that 27 cases of healthcare-associated CDI were prevented in this study, resulting in
healthcare savings of between $135,000 and $216,000. While additional staffing time for daily and
terminal bleach cleaning was not factored into the analyses, the researchers say that “it added little
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extra time to the housekeepers’ daily routine” (page 1138), indicating that there were minor increases
in room turnover time.?”’

Other reviewed studies provided some information about the costs of UVD and HPD. These findings are
summarized in Table 4. Specifically, Miller et al. (2015) and Vianna et al. (2016) reported that UVD was
cost effective in terms of CDIs avoided.3*3* Levin et al. (2013) reported that the cost to lease two UVD
machines was less than $5,000 per month? and Doan et al. (2012) estimated the cost of HPD equipment
was $1,154.98 per month.*?

Ghantoji et al. (2015) reported that UVD was more cost effective than HPD, primarily because of the
time needed to use each device—HPD takes longer than UVD per room. Both methods require that
rooms be vacant and items be placed in a manner that allows adequate contact with the hydrogen
peroxide mist or UV light. Before the HPD process starts, all heating, ventilation, and air-conditioning
ducts in the area need to be sealed.3®

Boyce et al. (2008) reported that the HPD process took approximately 3 to 4 hours per patient room and
approximately 12 hours for an entire ward. Doll et al. (2015) stated the time per room for UVD
depended on the type of UVD; pulsed xenon UV takes 15 to 20 minutes and UVC radiation takes 20 to
40 minutes.?! Haas et al. (2014) reported that the time for UVD light exposure in their study was around
6 minutes, but it took close to a half hour for setup (including setting up blackout curtains), depending
on the room. Haas et al. (2014) also reported that cleaning can be more efficient by using UVD first in
the bathroom, while finishing cleaning the larger room by hand.?®

While UVD may be more time efficient than HPD, it has some limitations; the process has decreased
effectiveness at higher distances (over 1.22 m) and cannot decontaminate items in shadow.® Finally, in
their review of multiple cleaning methods, Doan et al. (2012) report that decontamination with bleach
was cheaper than and as effective as touchless methods.*

Table 4: Cost, Decontamination Time, and Setup for HPD and UVD

Equipment Costs Time for Cleaning Room Setup for Cleaning
HPD $1,155/mo. for 1 unit 3—-4 hours per patient room Must be vacant
(Doan et al., 2012) 12 hours per ward Must have HVAC ducts sealed
uvD <$5,000/mo. for 2 units | 15-40 minutes per patient room |Must be vacant
(Levin et al., 2013) Requires blackout curtains (for windows and
to cordon off areas of rooms)
Requires items be moved out of shadows

4.3.5 Implementation: Challenges and Facilitators

One of the challenges reported across several of the studies on HPD and UVD was being able to use the
touchless machines in all intended cases.?®?° For example, Levin et al. (2013) reported that the goal was
to conduct terminal UVD on all contact precautions rooms but only 56 percent of discharged contact
precautions rooms received the UVD treatment. This discrepancy was due to limited device availability
or the presence of a second room occupant.?®

Similarly, Haas et al. (2014) reported 76 percent of contact precautions rooms received the UVD
treatment, rather than the intended 100 percent. Reasons for not conducting the UVD included a
second room occupant who could not be moved, an urgent need for the room, and labor constraints.?
Manian et al. (2013) report that using a system that prioritized use of the HPD machine based on the
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HAI of the discharging patient (with CDI as the top priority) allowed the machine to be used for rooms
not inhabited by CDI patients when possible. When the HPD machine was not available for a CDI room,
the room was cleaned multiple times with bleach.?®

Compliance with cleaning procedures is essential for eliminating active C. difficile from the environment.
Research shows that touchless methods require appropriate operation. For example, the UVD machine
may require repositioning in order to be most effective.?>3¢ Ways to assist with manual cleaning
compliance include cleaning checklists and audit and monitoring. Khanafer et al. (2015) recommend the
use of checklists to guide housekeepers on the cleaning sequence and provision of education and direct
and immediate feedback to environmental services staff.*°

Denton et al. (2016) discussed survey results from cleaning staff and others following a period of use of
an audit and monitoring tool. They reported positive responses about the tool, saying that education
of—and investment by—the housekeeping staff, in addition to positive, approachable, and supportive
leaders, helped make the tool effective.** The use of adenosine triphosphate bioluminescence?” or
fluorescent markers can be effective in auditing/monitoring the thoroughness of cleaning and a basis
from which to provide feedback.*®

4.3.6 Resources To Assist With Implementation

C. difficile Collaborative Non-ICU Environmental Cleaning Checklist:
http://www.rochesterpatientsafety.com/Images Content/Sitel/Files/Pages/Hospitals/Non-
ICU%20Cleaning%20Checklist.pdf

CDC Guide to Infection Prevention for Outpatient Settings:
https://www.cdc.gov/infectioncontrol/pdf/outpatient/guide.pdf

CDC Options for Evaluating Environmental Cleaning:
https://www.cdc.gov/HAl/toolkits/Evaluating-Environmental-Cleaning.html

List K: EPA’s Registered Antimicrobial Products Effective Against Clostridium difficile Spores:
https://www.epa.gov/pesticide-registration/list-k-epas-registered-antimicrobial-products-effective-
against-clostridium

Not Just a Maid Service:
https://www.youtube.com/watch?v=nfZftgBELsA

SHEA/IDSA Clinical Practice Guidelines for C. difficile: 2017 Update;
https://www.idsociety.org/globalassets/idsa/practice-guidelines/clinical-practice-guidelines-for-
clostridium-difficile.pdf

SHEA/APIC Guideline: Infection Prevention and Control in the Long-Term Care Facility:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319407/

4.3.7 Gaps

There are several gaps in the studies on environmental cleaning for CDI prevention. While much of the
evidence is promising for the environmental cleaning interventions included in this review, there is a
need for more high-quality (e.g., randomized, robust) studies in diverse healthcare environments and
larger multifacility studies to better understand this PSP. The only randomized/crossover study, by
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Anderson et al. (2017), found no significant change in CDI incidence following the addition of UVD to
bleach cleaning for room discharges at nine hospitals.3? More randomized studies are needed to
compare the evidence. In addition, more robust financial evaluations that investigate the various
methods and combinations of methods and incorporate staff time, room turnover time, and cost of no-
touch devices and other cleaning machines and supplies would be beneficial.

There is also a gap in the literature with regard to cleaning and CDI patient outcomes outside of the
patient rooms in the larger facility environment. Only Miller et al. (2015) describe decontamination of
common areas,* while Best et al. (2014) and Boyce et al. (2008) describe one-time “deep” cleaning of
entire wards using HPD.31*3 While patient rooms are the primary focus of most of the reviewed studies,
C. difficile contamination has been found in nonisolation rooms, in physician and nurse work areas, and
on portable equipment.*’

Finally, there is a shortage of studies on environmental cleaning/decontamination in long-term facilities,
outpatient, and other nonhospital settings. We identified only two studies of sufficient sample size on
environmental cleaning and CDI outcomes in long-term acute care settings.>>3” Nursing home residents
are at high risk for CDI due to frequent antimicrobial exposure and the relatively high number of
colonized patients in LTCFs. A systematic review found that 14.8 percent (95% Cl, 7.6% to 24.0%) of LTCF
residents are asymptomatic carriers of toxigenic C. difficile.*®

CDl recurrence is also high in LTCFs due to new infection or recurrence of the original infection. Given
longer patient stays and the presence of more patient belongings (creating additional possible
transmission pathways), and that LTCFs are intended to promote social interaction, LTCFs have unique
environmental decontamination needs that require further study.*

4.3.8 Future Directions

Future directions for environmental cleaning practices to prevent C. difficile transmission include
advances in hospital equipment and standard hospital items.>° For example, research has explored the
use of copper for hospital surfaces (e.g., cabinets, tables). Copper has been shown to provide a
significant (>70 percent) reduction in survival of C. difficile vegetative cells and spores on copper alloys
compared with stainless steel.’® Sporicidal properties in common hospital items such as curtains has also
been explored.*! Installation of items such as toilet lids can help prevent the spread of CDI droplets when a
contaminated toilet is flushed.® Some studies show that microfiber cloths (made of a combination of
polyamide and polyester) perform better than standard cotton materials at removing C. difficile.>

Future research could build on and enhance existing cleaning and decontamination technologies. One
example is hand-held wands that can be used on items such as keyboards and portable medical devices to
kill pathogens with UV radiation.>® Another example involves rendering C. difficile spores more susceptible
to UVD and increasing the efficacy of UVD by initiation of C. difficile germination. (The initiation of
germination has been shown to make spores more susceptible to heat and radiation.) Application of
germination solution to a contaminated surface prior to UVD was shown to increase the number of spores
killed by UVD compared with UVD alone.>* Finally, continued research on environmental services systems
and efficacy of methods, as well as improved support and training of environmental services workers, will
help to advance cleaning and decontamination practices in the future.
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4.4 PSP 4: Surveillance

Reviewers: Arjun Srinivasan, M.D., and Luba Katz, Ph.D.

This review includes a summary of evidence published from 2008 to 2018 on surveillance practices for
CDI. After a brief practice description from CDC, IDSA/SHEA, and others, the review explains how
regional and facility-level surveillance work as safety practices for preventing the transmission of C.
difficile. Next, we provide a review of studies on CDI surveillance methods and explore surveillance
contextual factors, such as setting and CDI testing method. Finally, we discuss research gaps and future
directions for CDI surveillance. The review’s key findings are listed in the box below.

4.4.1 Practice Description

The CDC defines public health surveillance as “the
ongoing, systematic collection, analysis, and
interpretation of health data, essential to the
planning, implementation and evaluation of public
health practice, closely integrated with the
dissemination of these data to those who need to
know and linked to prevention and control.”*?
Experts emphasize the importance of using standard
surveillance criteria to make accurate comparisons
over time, report data to the public, and compare
data across facilities.>* According to the IDSA/SHEA
C. difficile clinical practice guidelines,* facilities
should implement the following surveillance
activities for adult patients (the strength of
recommendation is from the IDSA/SHEA guidelines):

e Use available standardized case definitions for
surveillance of (1) healthcare facility-onset (HO)
CDI; (2) community-onset, healthcare facility—
associated (CO-HCFA) CDI; and (3) community-

Key Findings

¢ Research has shown that automated
surveillance systems are generally accurate and
save time and resources, compared with manual
case review.

e Automated laboratory alerts have been shown to
help expedite contact precautions for CDI
patients.

¢ Classifying CDI cases using standard case
definitions is important although some
researchers have found that the current
definitions over represent the number of
nosocomial cases.

e There is a need for research that evaluates and
compares different facility-level CDI surveillance
strategies and implementation barriers and
facilitators.

¢ Genotyping provides detail about differences in
C. difficile virulence and has helped to identify
transmission pathways and outbreaks.

« Promising technologies include rapid molecular
typing, integrated systems that can track CDIs
across health systems and facilities, and facility-
access to regional real-time surveillance data.

associated (CA) CDI (good practice recommendation).

e At a minimum, conduct surveillance for HO CDI in all inpatient healthcare facilities to detect
elevated rates or outbreaks (weak recommendation, low quality of evidence).

e Express the rate of HO CDI as the number of cases per 10,000 patient days. Express the CO-HCFA
prevalence rate as the number of cases per 1,000 patient admissions (good practice

recommendation).

e |n settings of high endemic rates or outbreaks, stratify data by patient location to target control
measures when CDI incidence is above national or facility reduction goals, or if an outbreak is noted

(weak recommendation, low quality of evidence).

Facility C. difficile surveillance practices include conducting internal surveillance data collection and
analyses and reporting to State and Federal agencies via CDC’s NHSN. The NHSN assists facilities in
collecting data to help determine local, regional, and national infection prevention priorities. The NHSN
also helps facilities meet quality benchmarks, identify areas for improvement, and comply with CMS
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infection reporting requirements. To track national CDI incidence and establish reduction targets, the
NHSN calculates standardized infection ratios. The standardized infection ratio is a risk-adjusted
summary measure used to track HAls at a national, statewide, or local level over time and by facility
type. The NHSN also collects information on certain infection safety practices and antimicrobial
resistance.’

Another national surveillance program is the CDC Emerging Infections Program, a network of 10 State
health departments, academic institutions, Federal agencies, and other public health stakeholders that
collect data and support research and training to inform policy and public health practice. The national
Healthcare Cost and Utilization Project is a database resource sponsored by AHRQ that has been used to
track and report C. difficile hospitalizations.® C. difficile is also among the conditions tracked in the AHRQ
National Scorecard on Hospital-Acquired Conditions.”

At the State level, CDI reporting requirements vary; some States require facilities to report on C. difficile
(via the NHSN) either by adopting CMS'’s quality reporting requirements as State law, or through State
mandates.® Many States implemented reporting requirements in 2013, the year in which hospitals were
first required to report HAls via NHSN for the CMS Hospital Inpatient Quality Reporting program.®

Internal facility surveillance practices vary depending on facility resources and local requirements.
Facilities may use the NHSN system to conduct internal CDI surveillance using the MDRO/CDI Module.°
The LablID option, introduced in 2013, uses admission date, laboratory test results, and patient care
location to automatically estimate measures of CDIs. An incident case is defined as any CDI LabID event
from a specimen obtained more than 56 days after the most recent CDI LabID Event. A recurrent case is
any CDI LabID event from a specimen obtained >14 days and <56 days after the most recent CDI LabID
event for that patient. The day of the first specimen collection is considered day 1. HO-CDI cases are
those LablD events collected more than 3 days after admission to an inpatient facility (i.e., on or after
day 4). The Infection Surveillance Reporting option for CDI is based on clinical case reviews to identify
and report CDlIs. Facilities may report at the facility level or by different units within the facility.

Facilities may also report on adherence to hand hygiene and contact precautions for C. difficile patients.
The NHSN system allows facilities to use their data to:

e (Calculate CDI measures (e.g., prevalence at admission, CO prevalence, facility or unit incidence),
e C(Create charts,

e Filter data,

e Track incidence in different facility locations,

e Identify trends,

e Recognize deviations from the norm, and

e Compare rates with other facilities.
The NHSN also collects data on antimicrobial use and resistance in a separate module. CDC’s Targeted
Assessment for Prevention (TAP) provides infection prevention resources and guidance on how to

interpret surveillance data and report feedback to stakeholders such as facility leaders and
administrators.!! Links to this and other resources are available later in this section of the CDI chapter.
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Facility surveillance practices include using alerts for positive CDI cultures and tracking the movement of
CDI patients within a facility or health system.>13 It is recommended that facilities have procedures for
investigating outbreaks, protocols to guide referrals for strain typing, and processes to communicate
with associated healthcare facilities and relevant jurisdictional bodies, as required.*

4.4.2 Surveillance as a PSP

The epidemiology of CDI has been evolving, with particular increases in CO CDI and hypervirulent
strains.’® Regional and national surveillance provide information on CDI epidemiology and help to
identify clusters, outbreaks, and emerging ribotypes. Analyses of these data inform policy and public
health programs.1®

At the facility level, CDI surveillance is used to identify transmission pathways and CDI clusters, evaluate
safety improvement initiatives, and signal when facilities must enhance measures to prevent further
transmission.'*!® Monitoring HO-CDI incidence is a first step in identifying and controlling outbreaks at
facilities. In one example, an outbreak on a vascular surgery unit was identified by an increase in the
number of cases within 30 days and a change in the pattern of new cases. Samples were sent to a
regional lab for PCR testing and results revealed that outbreak cases were caused by C. difficile ribotype
106, a clindamycin-resistant strain. Based on these findings, the facility implemented restrictions on the
prescribing of clindamycin. Controlling the outbreak was attributed to this measure.'” Root cause
analysis of HO-CDI cases, another surveillance practice, helps facilities understand the reasons for
hospital transmission and make workflow improvements, such as reducing testing delays.®

In 2007, the CDC adopted standardized case definitions to track disease trends, detect outbreaks,
facilitate comparison of CDI rates among similar institutions, and incorporate previous healthcare facility
exposure information.'® These definitions have been updated. For example, the 2007 case definition for
healthcare facility onset was defined as a patient with CDAD symptom onset more than 48 hours after
admission to a healthcare facility. Now, the definition for healthcare facility onset is defined as LabID
events collected >3 days after admission to an inpatient facility.*

CDI case identification and classification were traditionally conducted by individual case review;
however, manual data abstraction is labor intensive, burdensome, and costly.?° As technology evolves
and reporting mandates increase, more facilities are using commercial infection control systems that
process electronic health data to identify and classify cases.'>?° Swift and automated identification of
patients with C. difficile helps expedite contact precautions and reduce the potential for additional
healthcare transmissions.'? Research using genotyping technology (described below) supports rapid
identification of CDI isolates and helps track transmission and identify virulent strains both within a
facility and regionally.?! Ribotyping (described below) during periods of increased CDI incidence can help
identify CDI clusters and outbreaks.?

Currently, there are a lack of studies that compare or evaluate facility-level CDI surveillance strategies.

4.4.3 Methods

The question of interest for this review is: What are the most recommended and promising
institutional surveillance practices for C. difficile?

To answer this question, we searched the databases CINAHL and MEDLINE from 2008 to 2018 for
“Clostridium difficile” and related MeSH terms and synonyms, as well as “Surveillance” OR “monitoring
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and surveillance” OR “epidemiologic surveillance” OR “infectious diseases surveillance” and synonyms.
The search string also included a variety of healthcare settings, such as “hospitals,” “inpatient,” “long-
term care,” “transitional care,” and “home health.” After duplicates were removed, the initial search

yielded 503 results, all of which were screened for inclusion, and 42 full-text articles were retrieved.

Reference lists of included articles were also screened to ensure thoroughness and 14 additional studies
were identified and retrieved. Articles were excluded if the intervention or outcomes were not relevant
or precisely reported or if the study design was insufficient (e.g., opinion pieces, nonsystematic reviews).
Studies in which surveillance was followed by other significant infection control practices (e.g., changes
in environmental cleaning) were ruled out for this section and are considered in Section 4.6,
Multicomponent CDI Prevention Interventions. Of the total retrieved articles, 16 studies and 2
systematic reviews were selected for inclusion in this review.

General methods for this report are described in the Methods section of the full report.

For this patient safety practice, a PRISMA flow diagram and evidence table, along with literature-search
strategy and search-term details, are included in the report A through C appendixes.

4.4.4 Review of the Evidence

We found 16 studies and 2 systematic reviews that examined facility C. difficile surveillance practices.
These practices include the use of different statistical analyses, automated surveillance alerts, CDI case
identification and classification, genotyping practices, and use of biomarkers to track CDI virulence. Most
of these studies are descriptive case studies with no comparison group. Several studies examined the
utility and accuracy of International Classification of Diseases (ICD) code data alone or in combination
with medication data to conduct HO-CDI surveillance. Overall, there is a gap in the literature with regard
to facility practices for implementing surveillance to reduce CDI.

4.4.4.1 Surveillance To Identify CDI Outbreaks and Clusters

One study from the United Kingdom demonstrates how surveillance can be used to identify CDI clusters
and trigger implementation of enhanced infection prevention practices. In this study, Hardy et al. (2010)
described the use of an HO-CDI case threshold to identify CDI clusters at a 1,800-bed teaching hospital.
The case threshold was two or more HO-CDI cases within a 28-day period. Two or more HO-CDI cases
was considered a period of increased incidence. The studied intervention was implemented upon
identification of a period of increased CDI incidence. It included a standardized set of interventions,
including notifying staff of the increased incidence and auditing compliance with hand hygiene, using
environmental decontamination practices, isolating patients, and providing clinical management of
patients with confirmed or suspected CDI.

If the audit identified any shortcomings in these prevention practices, steps were taken to make
improvements. Additional enhanced cleaning was also implemented upon identification of the period of
increased incidence (PII). If there were postaudit incident HO-CDI cases, a more detailed environmental
audit was conducted by one of the head nurses. In the first 9 months of the study, isolates were
ribotyped on Plls with more than 10 cases; for the last 8 months of the study, isolates were ribotyped
for all Plls. In this case, an outbreak was defined as two or more cases of the same PCR ribotype within a
28-day period.
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While less common in the United States outside of research contexts, ribotyping of C. difficile isolates
helps determine transmission pathways and confirm presence of an outbreak. During roughly 1.5 years
of the intervention, the number of Plls investigated per month decreased from a peak of 14 per month
in February 2008 to 1 in June 2009. For the first 9 months, five of seven periods with more than 10 cases
were confirmed as outbreaks. In the final 8 months, ribotyping of the isolates confirmed nine (32%) of
these periods to be outbreaks, with three being due to ribotype 027, two ribotype 078, and all the
others distinct ribotypes.?

Two of the included studies examined different statistical methods for CDI surveillance.?®?* Lavan et al.
(2012) compared the value and efficiency associated with manual tracking and calculating the incidence
and prevalence of CDI in two wards in an acute 751-bed hospital in Ireland that were experiencing an
increase in the number of severe CDI cases. For 6 weeks, the researchers measured the prevalence of
CDI, antibiotic use, and associated comorbidity, and then for 13 weeks identified all new CDI cases, all
using manual data collection. CDI cases were assessed for CDI risk factors, disease severity, response to
treatment, and outcomes at 6 months.

The researchers found that manual data collection and analysis took less time in their prevalence study
than the incidence study. The prevalence study provided useful information about differences between
the two wards in CDI prevalence and CDIs with MRSA colonization, the extent of multiple antibiotic
prescriptions in CDIs, and areas that required more indepth surveillance. The incidence study permitted
a more detailed evaluation of CDI risk factors, origin and severity of disease, and patient outcomes.
Overall, researchers found that incidence analysis was more useful for their institution for planning
preventive initiatives and focusing antibiotic stewardship efforts.?

Screening for outbreaks is often based on a relative increase in incidence or when incidence reaches an
absolute threshold.’® A temporal scan statistic approach examines new cases within a particular window
of time and can be used prospectively or retrospectively. Faires et al. (2014) applied a retrospective scan
statistic to identify several CDI clusters and potential outbreaks in a hospital based on 5 years of
laboratory results and bacteriology reports. PCR was used to identify C. difficile isolates for the most
recent year of data. CDI clusters were identified using the temporal scan statistic, and statistically
significant clusters were compared with CDI outbreaks that had been identified using standard hospital
surveillance. A negative binomial regression model identified associations between year, season, and
month rate of CDI cases.

Results of the statistical analyses indicated that the incidence rate for CDI was significantly higher in the
spring than in the fall and winter seasons. Overall, 86 CDI cases were identified, 18 specimens were
analyzed, and 9 ribotypes were classified. The temporal scan statistic identified three significant clusters
(p<0.05), including potential outbreaks, not previously identified by hospital personnel using standard
surveillance analyses. One outbreak was identified as starting a month before it had been recognized by
the hospital. The researchers note that temporal analyses, applied prospectively and in tandem with
other methods, could be useful in identifying clusters and outbreaks in a timely manner.?*

4.4.4.2 Integrating Automation Into Surveillance

Over the last 10 years, CDI surveillance has become increasingly automated.?®> Automated and consistent
measurement of CDI is preferable to disparate systems for surveillance of CDI.2! Several studies in this
review examined the feasibility and efficacy of electronic surveillance systems. Studies have found that
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the use of automated systems and EHR data assist in the rapid detection of cases and outbreaks,!%1326
and electronic strategies can provide timely alerts and help expedite contact precautions. Zilberberg et
al. (2011) demonstrate that electronic patient data can be used to calculate risk-stratified HO-CDI rates
to help inform practice.?” Dubberke at al. (2012) and Benoit et al. (2011) found that automated
surveillance using electronically available data (e.g., admission date) was accurate and more efficient
than manual case review.?®%

4.4.4.2.1 Automated CDI Surveillance

Dubberke et al. (2012) developed and validated an automated CDI surveillance algorithm using 1 year of
available electronic data from four U.S. hospitals located in different regions. Each hospital customized
the algorithm to accommodate variability in datasets. Electronic surveillance was highly sensitive and
specific and showed good agreement with manual review for HO; CO, study facility-associated;
indeterminate; and recurrent CDI. The overall sensitivities, specificities, and kappa values of the
algorithm compared with the manual case review were:

e HO: 92 percent sensitivity, 99 percent specificity, and 0.90 kappa;
e (O, study facility-associated: 91 percent, 98 percent, and 0.84;

e CO, CA: 96 percent, 94 percent, and 0.69;

e |ndeterminate cases: 80 percent, 98 percent, and 0.76; and

e Recurrent cases: 94 percent, 99 percent, and 0.94.

The results for CO, other HCFA were less sensitive (57%), were highly specific (99%), and had a kappa
value of 0.65. In discussing the lower sensitivity for CO, other HCFA infections, they note the challenges
of accurately capturing previous healthcare episodes using the available data. Several hundred
discordant cases (out of 1,767 patients with a positive CDI test) required review and correction due to
misclassifications in the data. Overall, the researchers reported that automated surveillance reduces
staff time and may help facilities better track CO CDI.2®

While Dubberke et al. (2012) found that sensitivity and specificity for automated surveillance using EHR
data was adequate, other researchers have found that, in practice, automated surveillance may
overestimate the rate of HO CDI.3%%! For example, Durkin et al. (2015) compared LabID reporting (for the
NHSN) with traditional surveillance in 29 community hospitals in the southeastern United States. LabID
is designed to use electronically captured laboratory data and hospital admission dates to determine HO
versus CO surveillance CDI categories.

LabID surveillance resulted in a higher HO-CDI incidence rate than did traditional surveillance. The
overall HO-CDI rate was 6.0 versus 4.4 per 10,000 patient days for LabID and traditional surveillance,
respectively (p<0.001). After 6 months, 286 (23%) mismatched CDI events were detected. The most
frequent causes of mismatched cases by LablD were:

e Diagnostic testing delay >3 days despite the presence of symptoms of CDl in the first 2 days of
admission triggering an HO-CDI LablID categorization,

e Misclassification of recurrent or continuation episodes as incident events by LabID, and

e lack of an indeterminate category in LablD definitions.
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The differences based on surveillance method may affect hospital quality rankings.3! Several hospitals in
the study showed significantly lower rankings based on LablID surveillance (versus traditional
surveillance). Once the coding was corrected, hospital rankings based on LablID HO rates were similar to
rankings based on traditional surveillance.

In a recent study, Albert et al. (2018) examined the misclassification of HO CDlIs reported to the NHSN by
a large urban medical center. Using retrospective chart review of 212 HO-CDI cases, they found that only
62.2 percent of the cases reported to NHSN actually met the clinical definition of probable or possible
HO CDI. The researchers estimate that the remaining cases may have been misclassified due to delays in
testing, inappropriate testing, or use of stool softeners and laxatives. The researchers cite prior evidence
that PCR testing is less able to distinguish between infection and colonization cases and that testing
patients for CDI either too late or without clinically significant diarrhea contributes to overdiagnosis of
HO CDI.32 Truong et al. (2017) suggest real-time electronic tracking of diarrheal episodes and laxative
therapy, to verify C. difficile testing criteria.?

4.4.4.2.2 Automated Alerts

Quan et al. (2015) explored the accuracy and efficiency of a system for five MDROs and C. difficile
tracking in a 410-bed tertiary care center that automated the following: monitoring microbiology results
and initiating chart-based flags, ordering contact precautions on admission, and ensuring appropriate
removal of precautions. The system was initiated as an alternative to manual case review, which
required the assessment of laboratory results and tracking prior history of MDRO carriage and C. difficile
infection. The system automatically reviewed daily positive laboratory results for 110,212 patient days
and identified 1,543 results representing either new incident CDI cases or cases not previously known to
the system, which triggered organism-specific flags. The automated ordering of precautions for
inpatients occurred immediately after laboratory results were finalized, without a delay for manual
order submission.

To test the accuracy of the system, the researchers conducted a point-prevalence assessment and found
that all precautions were appropriate. The advantages of the automated system included preventing
missed precautions and time