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Objective

Previously published guidelines provided comprehensive recom-
mendations for detecting and preventing healthcare-associated
infections (HAIs). The intent of this document is to highlight prac-
tical recommendations in a concise format designed to assist acute-
care hospitals to implement and prioritize their Clostridioides
difficile infection (CDI) prevention efforts. This document updates
the Strategies to Prevent Clostridium difficile Infections in Acute
Care Hospitals published in 2014.1 This expert guidance document
is sponsored by the Society for Healthcare Epidemiology of
America (SHEA) and is the product of a collaborative effort led
by SHEA, the Infectious Diseases Society of America (IDSA),
the Association for Professionals in Infection Control and
Epidemiology (APIC), the American Hospital Association
(AHA), and The Joint Commission.

Summary of major changes

This section lists major changes from the Strategies to Prevent
Clostridium difficile Infections in Acute Care Hospitals: 2014
Update,1 including recommendations that have been added,
removed, or altered. Recommendations in this document are cat-
egorized as “essential practices” that are foundational to all HAI
programs in acute-care hospitals (in 2014, these were termed “basic
practices”) or “additional approaches” to be considered for use in
locations and/or populations within hospitals during outbreaks in
addition to full implementation of essential practices (in 2014 these
were termed “special approaches”). A complete summary of the

recommendations contained in this document is provided in
Table 1.

Essential practices

In the 2014 Compendium, encouraging appropriate use of antimi-
crobials for CDI and other infections was considered an essential
practice, but formal adoption of an antimicrobial stewardship
program was considered an additional approach. In the 2022
Compendium, encouraging appropriate use of antimicrobials by
implementing an antimicrobial stewardship program is now recom-
mended as an essential practice. Implementation of diagnostic stew-
ardship practices for appropriate use and interpretation ofC. difficile
testing is a new essential practice recommendation. Assessing
adequacy of room cleaning, an additional approach in the 2014
Compendium, is now an essential practice recommendation.

Additional approaches

No new additional approaches have been added.

Unresolved issues

Identification of asymptomatic carriers of C. difficile and then ini-
tiating contact precautions, and use of CDI antibiotic prophylaxis
for high-risk groups, have been included as unresolved issues.

Intended use

This document was developed following the process outlined in the
Handbook for SHEA-Sponsored Guidelines and Expert Guidance
Documents.2 No guideline or expert guidance document can antici-
pate all clinical situations, and this document is not meant to be a
substitute for individual clinical judgement by qualified profession-
als. This document focuses on the prevention of CDI in acute-care
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Table 1. Summary of Recommendations to Prevent Clostridioides difficile Infection (CDI)

Essential Practices

1. Encourage appropriate use of antimicrobials through implementation of an antimicrobial stewardship program. (Quality of evidence: MODERATE)

a. Ensure appropriate use of antimicrobials for CDI treatment.

b. Ensure appropriate use of non–CDI-treatment antimicrobials.

2. Implement diagnostic stewardship practices for ensuring appropriate use and interpretation of C. difficile testing. (Quality of evidence: LOW)

a. Hospital infection prevention and control programs should work with their clinical microbiology laboratory to develop pre-agreed criteria for
C. difficile testing, particularly if NAATs are used either as a standalone test or part of a multi-step testing algorithm.

b. At minimum, C. difficile testing should be avoided in patients without clinically significant diarrhea, in those who have been tested in the prior
7 days, and in children aged <1 year.

c. Ordering providers and bedside nurses should receive education about appropriate use and interpretation of C. difficile testing.

d. If feasible, the electronic medical record system should be leveraged to provide computerized provider order entry support and/or monitoring for
clinical testing criteria.

3. Use contact precautions for infected patients, single-patient room preferred. (Quality of evidence: LOW for hand hygiene; MODERATE for gloves; LOW
for gowns; LOW for single-patient room)

a. Perform hand hygiene based on CDC or WHO guidelines before and after entering the room (ie, immediately before donning and after removing
personal protective equipment).

b. Place patients with CDI on contact precautions to help reduce patient-to-patient spread of the organism.

c. Cohorting of patients with CDI is acceptable when single private rooms are not available.

d. Ensure that adequate supplies for contact precautions are readily available.

e. Follow appropriate criteria for discontinuing contact precautions.

4. Adequately clean and disinfect equipment and the environment of patients with CDI. (Quality of evidence: LOW for equipment; LOW for environment)

a. C. difficile spores contaminate the environment in which patients are housed and the equipment used to care for them.

b. Contaminated surfaces and equipment are potential reservoirs for transmission of C. difficile.

c. Develop and implement protocols for disinfection of equipment and the environment.

d. Dedicate noncritical patient care items, such as blood pressure cuffs, stethoscopes, and thermometers, to a single patient with C. difficile.

5. Assess the adequacy of room cleaning. (Quality of evidence: LOW)

a. Work with the environmental services team to establish a process for assessing adequacy of room cleaning at a frequency that is feasible for the
team.

b. The process should focus on reviewing and improving cleaning/disinfection techniques. Important issues to address include proper dilution of
cleaning/disinfection products, adequacy of cleaning/disinfection technique, cleaning “high-touch” surfaces, frequency of changing rags/mop
water, and moving from “clean” areas to “dirty” areas.

c. Consider environmental decontamination with an EPA-approved sporicidal agent if room cleaning/disinfection is deemed to be adequate but there
is ongoing C. difficile transmission.

6. Implement a laboratory-based alert system to provide immediate notification to infection preventionists and clinical personnel about newly diagnosed
patients with CDI. (Quality of evidence: LOW)

a. To place patients with CDI on contact precautions in a timely manner, it is important that an alert system be developed between the laboratory
and both infection preventionists and the clinical personnel caring for the patient.

b. This information can be transmitted using a variety of methods. Options that push notifications to those HCP who need to act on the information
immediately are preferred, such as phone call and pager alerts or automated secure electronic alerts. The alert system should not rely solely on
passive communications that may delay receipt of results, such as faxes or emails to infrequently monitored inboxes.

c. Alert patient care areas of positive test results immediately so that these patients can be placed on contact precautions as soon as possible.

d. When a patient has CDI (or another current or prior infection requiring isolation), communicate the CDI/isolation status when transferring the
patient to another healthcare facility so appropriate precautions can be implemented at the accepting facility.

7. Conduct CDI surveillance and analyze and report CDI data. (Quality of evidence: LOW)

a. At a minimum, calculate healthcare facility–onset CDI rates at the organizational level and consider specifically calculating CDI rates by unit or
ward (Table 3).

b. Provide CDI rates and CDI prevention process measures to key stakeholders including senior leadership, physicians, nursing staff, and other
clinicians.

c. Provide the process and outcome measures to appropriate hospital staff and administrators on a regular basis as outlined in Section 5:
Performance measures.

8. Educate HCP, environmental service personnel, and hospital administration about CDI. (Quality of evidence: LOW)

a. Include risk factors, routes of transmission, local CDI epidemiology, patient outcomes, and treatment and prevention measures.

(Continued)
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Table 1. (Continued )

Essential Practices

9. Educate patients and their families about CDI as appropriate. (Quality of evidence: LOW)

a. Although often not considered part of a program to reduce transmission of CDI and/or multidrug-resistant organisms, proper education may help
to alleviate patient and family fears regarding being placed on contact precautions.

b. Include information about anticipated questions: general information about CDI, colonization versus infection, the hospital’s CDI prevention
program, the components of and rationale for contact precautions, the risk of transmission to family and visitors while in the hospital and after
discharge, and importance of hand hygiene by staff, patients, and visitors.

10. Measure compliance with CDC or WHO hand hygiene and contact precautions recommendations. (Quality of evidence: LOW)

a. Patient-to-patient transmission of C. difficile is thought to occur primarily through transient contamination of the hands of HCP with spores.

b. Glove use when caring for patients with CDI or touching surfaces in their rooms has been shown to be effective at preventing the transmission of
C. difficile.

c. Hand hygiene practices in compliance with CDC or WHO guidelines may be important to C. difficile control and prevention.

Additional Approaches

1. Intensify the assessment of compliance with process measures. (Quality of evidence: LOW)

a. Contact precautions: gowns and gloves should be worn by all HCP who enter the rooms of patients on contact precautions.

b. Hand hygiene: hand hygiene should be performed at least on entry and exit from patient rooms. When hand washing is performed, determine
whether proper technique is being used. If hand hygiene compliance or technique are not adequate, conduct interventions to improve hand
hygiene compliance and technique.

c. Assess opportunities for improved antibiotic and/or diagnostic test utilization with improved compliance with and/or using additional antibiotic or
diagnostic stewardship (see Section 4: Essential practices, parts 1 and 2).

2. As the preferred method, perform hand hygiene with soap and water following care of or interacting with the healthcare environment of a patient with
CDI. (Quality of evidence: LOW)

a. When considering a CDI-specific hand hygiene measure, the priority should be to ensure adherence to donning gloves and proper technique when
doffing to minimize the risk for self-contamination.

b. Ideally, after removing gloves, hand hygiene is performed before exiting the patient room when feasible.

c. Ensure proper hand hygiene technique when using soap and water.

d. Be aware that hand hygiene adherence may decrease when soap and water is the preferred method.

3. Place patients with diarrhea on contact precautions while C. difficile testing is pending. (Quality of evidence: LOW)

a. Place patients with new-onset, unexplained diarrhea on contact precautions when diarrhea is recognized. Employ measures (see Section 4:
Essential practices, part 3), particularly use of gowns/gloves and disinfection of shared medical equipment. Contact precautions should be initiated
as soon as diarrhea symptoms are recognized because this is the period of greatest C. difficile shedding and contamination.

b. Availability of private rooms or ability to cohort patients in nonprivate rooms before a CDI diagnosis may be a challenge for some hospitals. In
these settings, the decision to place a patient on contact precautions in a private or cohort room while testing is pending can be based on several
factors, including likelihood that patient will transmit C. difficile, turnaround time of CDI test results, and impact of contact precautions on hospital
bed management.

c. If C. difficile testing is negative, and another infectious etiology that requires contact precautions is not suspected, contact precautions can be
discontinued based on test type and clinical suspicion for CDI.

4. Prolong the duration of contact precautions after the patient becomes asymptomatic until hospital discharge. (Quality of Evidence: LOW)

a. CDC currently recommends contact precautions for patients with CDI for at least 48 hours after diarrhea resolves. However, some hospitals may
choose to extend contact precautions for the duration of hospitalization even if symptoms have resolved.

b. Facilities must balance potential reduction in C. difficile transmission with individual patient risk of isolation related to contact precautions, which
may include falls and socioemotional stress that can lead to symptoms such as behavior changes, anxiety, depression, and anger.

5. Use an EPA-approved sporicidal disinfectant, such as diluted (1:10) sodium hypochlorite, for environmental cleaning/disinfection. Implement a system to
coordinate with environmental services if it is determined that sodium hypochlorite is needed for environmental disinfection. (Quality of evidence: LOW)

a. Sporicidal disinfectants registered with the EPA, including sodium hypochlorite, can be found in the EPA List K.

b. Data have not been consistent regarding the ability of sporicidal disinfectants, including diluted sodium hypochlorite, to control CDI through
environmental decontamination.

c. When an EPA-approved sporicidal disinfectant is instituted for environmental decontamination, it is necessary to coordinate activities with
environmental services.

d. When diluted (1:10) sodium hypochlorite is used, it is important to address several issues including measures to avoid toxicity to patients and staff,
removal of organic matter from surfaces before use, and using freshly diluted or appropriately stored diluted sodium hypochlorite.

e. When a sporicidal method will be used only in rooms of patients with CDI, a system will need to be created to identify these patients to
environmental service staff.

Unresolved Issues

1. Identification of asymptomatic carriers of toxigenic C. difficile using rectal or perirectal swabs and NAAT testing and placing those who are positive on
contact precautions.

(Continued)
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hospitals. The strategies highlighted may or may not be applicable
for other healthcare settings, such as ambulatory settings or
long-term or post-acute care facilities. Furthermore, healthcare envi-
ronments within the hospital may differ (eg, acute-care wards vs
intensive care units vs perioperative spaces, etc.), which may affect
the feasibility of specific recommendations that should be consid-
ered by stakeholders implementing these strategies.

This document is based on a synthesis of evidence, theoretical
rationale, current practices, practical considerations, writing group
consensus, and consideration of potential harm, where applicable.
The evidence-based guidance is limited to strategies that have been
demonstrated to reduce clinical infections rather than those that
may be associated with reductions in nonclinical outcomes only, such
as environmental contamination by C. difficile. Additionally, this
guidance is focused on prevention of incident CDI, not recurrent
CDI. A summary list of recommendations is provided in Table 1.

Methods

SHEA recruited 3 subject-matter experts in CDI prevention to lead
the panel of members representing the Compendium partnering
organizations: SHEA, IDSA, APIC, AHA, and The Joint
Commission, as well as the Centers for Disease Control and
Prevention (CDC).

SHEA utilized a consultant medical librarian, who worked with
the panel to develop a comprehensive search strategy for PubMed
and Embase (January 2012–July 2019; updated to August 2021).
Article abstracts were reviewed by panel members in a double-blind
fashion using the abstract management software Covidence
(Melbourne, Australia). The articles were subsequently reviewed
as full text. The Compendium Lead Authors group voted to update
the literature findings, and the librarian reran the search to update it
to August 2021. Panel members reviewed the abstracts of these
articles via Covidence and incorporated relevant references.

Recommendations resulting from this literature review process
were classified based on the quality of evidence and the balance
between desirable and potential undesirable effects of various
interventions (Table 2). Panel members met via video conference
to discuss literature findings, recommendations, quality of evi-
dence for these recommendations, and classification as essential
practices, additional approaches, or unresolved issues. Panel
members reviewed and approved the document and its
recommendations.

The Compendium Expert Panel, made up of members with
broad healthcare epidemiology and infection prevention expertise,
reviewed the draft manuscript after consensus had been reached by
the writing panel. Following review and approval by the expert
panel, the 5 partnering organizations, stakeholder organizations,
and the CDC reviewed the document. Prior to dissemination,
the guidance document was reviewed and approved by the
SHEA Guidelines Committee, the IDSA Standards and Practice
Guidelines Committee, The Joint Commission, and AHA, and
the Boards of SHEA, IDSA, and APIC. All members complied with
SHEA and IDSA policies regarding conflict-of-interest disclosure.

Section 1: Rationale and statements of concern

Epidemiology of Clostridioides difficile infection (CDI)

1. C. difficile is the most common pathogen causing HAIs in the
United States (US).3,4

Table 1. (Continued )

Unresolved Issues

2. Implementation of touchless disinfection technologies.

3. Use of probiotics as primary prophylaxis.

4. CDI antibiotic prophylaxis for certain very high-risk patients who are receiving systemic antibiotics.

5. Use of gowns and gloves by family members and other visitors.

6. Use of admission-based alert systems that notify infection preventionists and clinical personnel about readmitted or transferred patients with a history
of CDI.

7. Ongoing assessment of CDI knowledge and intensified CDI education among HCP.

8. Restriction of gastric acid suppressants.

Note. NAAT, nucleic acid amplification test; CDC, Centers for Disease Control and Prevention; WHO, World Health Organization; EPA, US Environmental Protection Agency; HCP, healthcare
personnel.

Table 2. Quality of Evidencea

Level Description

High Highly confident that the true effect lies close to that of the
estimated size and direction of the effect. Evidence is rated
as “High” quality when there are a wide range of studies
with no major limitations, there is little variation between
studies, and the summary estimate has a narrow confidence
interval.

Moderate The true effect is likely to be close to the estimated size and
direction of the effect, but there is a possibility that it is
substantially different. Evidence is rated as “moderate”
quality when there are only a few studies and some have
limitations but not major flaws, there is some variation
between studies, or the confidence interval of the summary
estimate is wide.

Low The true effect may be substantially different from the
estimated size and direction of the effect. Evidence is rated
as “Low” quality when supporting studies have major flaws,
there is important variation between studies, the confidence
interval of the summary estimate is very wide, or there are
no rigorous studies.

aBased on the CDC Healthcare Infection Control Practices Advisory Committee (HICPAC)
“Update to the Centers for Disease Control and Prevention and the Healthcare Infection
Control Practices Advisory Committee Recommendations Categorization Scheme for
Infection Control and Prevention Guideline Recommendations” (October 2019), the Grades
of Recommendation, Assessment, Development, and Evaluation (GRADE)166 and the
Canadian Task Force on Preventive Health Care.167
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2. In the US, C. difficile has been classified by the CDC as one of
the most urgent antibiotic-resistant public health threats, one
that requires “urgent and aggressive action.”5 This classification
is because of the profound morbidity, mortality, and excess
healthcare expenditures associated with CDI.

3. Over the past 20 years, CDI increased among all age groups,
including children, but it remains disproportionately higher
in the older adult population. Women and individuals identify-
ing as white race also experience higher frequency of CDI.6 The
proportion of US hospital discharges in which a patient received
the International Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) discharge diagnosis code
for CDI more than doubled between 2000 and 2009.7

4. More recently, improvements in those previously described
trends were observed. US CDI surveillance performed by the
CDC Emerging Infections Program noted that since 2014,
CDI incidence has leveled off and is perhaps beginning to
decrease.5,8 However, this trend was marked by a decrease in
healthcare-associated (HA) CDI concomitant with an increase
in community-associated (CA) CDI.8 CDI with onset outside
the hospital now accounts for >50% of US CDI cases. CDI
present on admission to the hospital may increase the risk of
CDI for other hospitalized patients.9,10 Notably, laboratory-
identified healthcare-associated CDI decreased during the first
year (ie, 2020) of the coronavirus disease 2019 (COVID-19)
pandemic.11,12

5. CDI incidence increased in the early 2000s concomitant with
observations of increased CDI severity.13–17 Increases in inci-
dence and severity of CDI were associated with the 027/BI/
NAP1 strain of C. difficile.13,17 However, 027/BI/NAP1 cases
has declined significantly in the US8, Canada, and Europe.18

In the US in 2017, the prevalence of the 027/BI/NAP1 strain
was 15% of HA-CDI and 6% of CA-CDI cases. Currently,
027/BI/NAP1 is no longer the predominant US strain.
Ribotypes 106, 002, and 014/020 have increased in prevalence
over the last several years.8

Burden of outcomes associated with CDI

1. CDI is associated with increased length of hospital stay, costs,
morbidity, and mortality in adult and pediatric patients.19–23

2. C. difficile causes >450,000 infections in the US each year,6

including >225,000 cases in hospitalized patients.5

3. CDI increases hospital length of stay by 2.8–5.5 days.20

4. Approximately 10%–30% of patients experience at least 1 CDI
recurrence after an initial episode, and the risk of recurrence
increases following each successive recurrence.24,25

5. The attributable mortality of CDI is estimated to be 4.5%–5.7%
and 6.9%–16.7% during endemic and epidemic periods, respec-
tively.26 CDI is associated with 12,000–30,000 US deaths each
year.5,6

6. Colectomy rates following CDI in hospitalized patients are
0.3%–1.3% and 1.8%–6.2% during endemic and epidemic peri-
ods, respectively.26

7. Attributable costs of inpatient CDI in 2008 dollars were esti-
mated to be $3,006–$15,397 per episode in adults20; more recent
US estimates indicate that average CDI-attributable costs
exceed $21,000.27 Attributable costs are slightly less in chil-
dren.23 US hospital costs for CDI management are estimated
at $1.0 billion–$4.9 billion per year.5,20

8. Patients with CDI are nearly twice as likely to be discharged to a
long-term care facility than propensity score–matched
controls.19

Risk factors for CDI

1. Antibiotic exposure is themost importantmodifiable risk factor
for CDI. Virtually every antibiotic has been associated with
CDI, even following short antibiotic courses. Antibiotic classes
that confer the highest risk of CDI include third- and fourth-
generation cephalosporins,28 fluoroquinolones,29 carbape-
nems,28 and clindamycin.30

2. Advanced age and duration of hospitalization are also impor-
tant CDI risk factors, and these may be proxy measures associ-
ated with severity of illness, comorbidities, and antibiotic
exposure.31

3. Gastric acid suppression, particularly use of proton pump
inhibitors, has been recognized as a risk factor for CDI.32

The association between CDI and H2-receptor blockers is less
established. It remains unclear whether there is an independent
association or gastric acid suppression is a proxy for other CDI
risk factors,9,33 and restriction of gastric acid suppression is not
yet established as an effective CDI prevention measure (see
Section 4: Unresolved issues, part 8).

4. Other comorbidities34,35 that increase CDI risk include cancer
chemotherapy, gastrointestinal surgery, enteral feeding tubes,
inflammatory bowel disease, and solid organ transplantation.

Healthcare facility transmission and role of asymptomatic
colonization

1. C. difficile exposure, and subsequent colonization, are preceding
events that are essential to developing CDI. Thus, prevention of
exposure and colonization are targets for CDI prevention.

2. C. difficile transmission in healthcare facilities likely occurs via
contamination of healthcare personnel (HCP) hands,36 the care
environment,37–41 or medical equipment42 by C. difficile spores.

3. Prevalence of asymptomatic colonizationwithC. difficile during
hospitalization is as high as 20%–25% of adults34 and children43

in some centers. The prevalence of asymptomatic colonization
with C. difficile at the time of hospital admission is ∼8%.44

4. C. difficile transmission can originate both from patients with
CDI and those with asymptomatic colonization.45–47

Studies48,49 demonstrating that symptomatic patients contrib-
ute to only a minority of HA-CDI cases suggest that other res-
ervoirs for transmission may be underrecognized, including
patients with asymptomatic colonization.

Section 2: Background on detection of CDI

Surveillance definitions for CDI

1. Various surveillance definitions are used for healthcare-associ-
ated CDI, and standardization in CDI surveillance definitions is
needed. The following information focuses on the definitions
for CDI surveillance in the United States9,34,50,51 and Europe.52

a. A clinical CDI case is defined as a case of clinically significant
diarrhea or toxic megacolon without other known etiology
that meets 1 or more of the following criteria: (1) the stool
sample yields a positive result for a laboratory assay for
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C. difficile toxin A and/or B, or a toxin-producing C. difficile
organism is detected in the stool sample by culture or other
means; (2) pseudomembranous colitis is seen on endoscopic
examination or surgery; and/or (3) pseudomembranous col-
itis is seen on histopathological examination. Large-scale
surveillance efforts may rely solely on laboratory evidence
of CDI (ie, LabID events) (see Section 2: Surveillance defini-
tions for CDI, part 1e) because surveillance for clinical his-
tory may not be feasible or reliable across all healthcare
facilities.

b. The definition of clinically significant diarrhea has not been
validated either for stool quality or quantity. In terms of stool
consistency, diarrheal stool may be operationally defined as
stool that is unformed and adheres to shape of its container.
The Bristol Stool Scale may assist in scoring stool quality (ie,
unformed stools defined as Bristol score 5–7). In terms of
stool quantity, diarrhea is defined at least 3 or >3 diarrheal
bowel movements within 24 hours.

c. HCP should document frequency and consistency of stools
in the medical record.

d. Recent outbreaks of severe CDI indicate that it is not always
possible to wait 24–48 hours before determining whether a
patient has clinically significant diarrhea; therefore, diarrhea
plus abdominal cramping has also been used to satisfy cri-
teria for clinically significant diarrhea.53,54 Conversely, it is
normal for some patients to have 3 or more bowel move-
ments per day. However, these bowel movements are usually
formed. Therefore, it is not possible to provide strict criteria
for clinically significant diarrhea that can be applied to all
patients. In general, clinically significant diarrhea in the con-
text of CDI should consist of a sustained change in bowel
movement consistency and/or frequency with or without
abdominal cramping in a patient without other identified
causes.

e. Several CDI definitions have been proposed, and the most
commonly used surveillance definitions are listed in
Table 3. Healthcare facilities should track at least healthcare
facility-onset CDI (Table 3).55

i. Hospitals in the US typically apply the National
Healthcare Safety Network (NHSN) LabID event defini-
tions to CDI,56 as reporting CDI incidence through
NHSN is required for certain Centers for Medicare &
Medicaid Services (CMS) payment programs for
acute-care facilities. This reporting focuses on positive
laboratory tests in relation to hospital admission and
does not consider the presence or timing of onset of
symptoms. Healthcare facility–onset CDI is defined as
having a positive nucleic acid amplification test
(NAAT) or toxin (based on the result of the last test per-
formed if a multistep algorithm is done) ≥4 days after
healthcare facility admission, with the day of admission
counted as day 1. An event may be identified as ‘recur-
rent’when there is a previous event at the same facility in
the previous 56 days. If the event is the first for that
patient at the facility or day 57 or longer from previous
event, the event is identified as an incident of CDI. An
equation is used to determine the predicted number of
hospital-onset CDI cases for a hospital based on the hos-
pital characteristics, type of C. difficile testing done, and
number of people admitted with community-onset CDI.
The standardized infection ratio (SIR) is then calculated
by dividing the number of observed healthcare facility–

onset CDI cases by the number of predicted healthcare
facility–onset CDI cases.

ii. Because the result of the last test performed in a multi-
step testing algorithm dictates whether a case is report-
able to the NHSN, the pattern of results of tests
performed in a different order can significantly impact

Table 3. Commonly Used Clostridioides difficile Infection (CDI) Surveillance
Definitions 8,56

Case Type Definition

Healthcare facility–onset CDI
(HO-CDI)

CDI symptom onset ≥4 days after
admission to an HCF, with day of
admission being day 1.a

Healthcare facility–onset,
treated CDI (HT-CDI)
The proposed definition is
currently being evaluated (see
Section 2: Surveillance
definitions for CDI, part 1e).

CDI symptom onset ≥4 days after
admission to a healthcare facility
(HCF), with day of admission being
day 1, and ≥5 days of CDI treatment
started within 2 calendar days of the
positive C. difficile test; if a patient is
discharged or transferred before
receiving 5 days of treatment, any
treatment will count.a

Community-onset, healthcare
facility-associated CDI
(CO-HCFA-CDI)

CDI symptom onset in the community
or <4 days from admission (day of
admission being day 1), provided that
symptom onset was <4 weeks after
the last discharge from an HCF,
according to NHSN definitions.56,a,b

Indeterminate onset CDI CDI case patient who does not fit any
of the above criteria for an exposure
setting, eg, CDI symptom onset in the
community or <4 days from
admission (day of admission being
day 1) provided that symptom onset
was >4 weeks but <12 weeks after
the last discharge from an HCF.a

Community-associated CDI
(CA-CDI)

CDI symptom onset in the community
or< 4 days from admission (day of
admission being day 1), provided that
symptom onset was >12 weeks after
the last discharge from an HCF.a

Healthcare-associated CDI
(HA-CDI)

Includes cases of HO-CDI, CO-HCFA-
CDI, and indeterminate per CDC
Emerging Infections Program
definitions.8

Community-onset CDI (CO-CDI) Includes both CA-CDI and
indeterminate CDI (distinct from CO-
HCFA-CDI) per NHSN definitions.56

Unknown Exposure setting cannot be
determined because of lack of
available data.

Recurrent CDI A CDI episode that occurs 8 weeks (56
days) or less after the onset of a
previous CDI episode, provided that
CDI symptoms from the earlier
episode resolved.

Note. HCF, healthcare facility; NHSN, National Healthcare Safety Network.
aWhen utilizing laboratory-based reporting symptoms, date and time of stool specimen
collection can be used as a surrogate for symptom onset. If data on time a patient was
admitted (in addition to date) and/or time stool was collected for testing are not available,
CDI can be considered healthcare facility onset if stool is positive for toxigenic C. difficile or
toxin after the third calendar day from hospital admission, where the first day is the day of
admission (ie, a patient admitted on Monday with stool first positive for C. difficile toxin on
Thursday or later is considered to have healthcare facility-onset CDI).
bCDC Emerging Infections Program definitions include CO-HCFA-CDI cases as defined above
and indeterminate onset cases as defined below (ie, all CDI occurring <12 weeks after last
discharge) in their specific CO-HCFA-CDI definition.8
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the SIR. For example, a glutamate dehydrogenase
(GDH)–positive, toxin enzyme immunoassay (EIA)–
negative result that is followed by a positive NAAT is
considered reportable to NHSN as a CDI case, but a
NAAT-positive result followed by a negative-toxin
EIA is not reportable to the NHSN as a CDI case.
This discordance represents a weakness in the surveil-
lance definition because clinical management is not dic-
tated solely by the result of the last test performed.
However, data from the CDC (not yet published) suggest
that >75% of patients are treated for CDI despite having
a negative toxin EIA following a positive NAAT even
though data suggest that treatment may not be neces-
sary.12,13 Failing to report this volume of clinical CDI
cases based on order of test performance biases SIR mea-
surements and interfacility comparisons.

iii. The NHSN is updating the healthcare facility-onset CDI
surveillance definition to incorporate antibiotic treat-
ment in addition to test results (ie, healthcare facility-
onset, treated CDI [HT-CDI]).
a. Data have demonstrated the existence of patients with

a positive test for C. difficile who do not meet the cur-
rent NHSN definition for healthcare facility-onset
CDI but who ultimately received treatment for
CDI, suggesting that they were determined to have
clinically significant CDI and should likely be consid-
ered a CDI case for surveillance purposes.

b. The updated definition is still undergoing validation,
but it will involve a combination of any positive test
for C. difficile plus initiation of antibiotics specifically
for treatment of CDI.
i. For the most likely proposed definition, a case of
HT-CDI will be defined as any positive test for C.
difficile on or after hospital day 4 from admission,
and in whom ≥5 days of CDI treatment were
given, and treatment was started within 2 calen-
dar days of the positive C. difficile test. If a patient
is discharged or transferred before receiving 5
days of treatment, any treatment will count.

ii. Data submitted to meet this metric are expected
to be available in 2023.

iii. Until the HT-CDI definition and corresponding
SIR adjustment can be validated, the current
healthcare facility-onset CDI definition will con-
tinue to be used as the outcome measure for CDI
surveillance and SIR reporting for the purposes of
CMS payment programs.

f. Surveillance for CDI is limited by variation in patient selection
for testing, lower sensitivity of toxin EIA, lower specificity of
NAAT, and prolonged turnaround time for the cell-culture
cytotoxicity assay as well as stool culture for toxigenic C. diffi-
cile.53,57,58 Lack of culture-based methods for routine diagnosis
also limits the availability of strains for molecular typing, but at
least 1 commercially availableNAAT forC. difficilewill provide
a presumptive identification of the BI/NAP1/027 strain.

Surveillance methods for CDI

1. Conducting CDI surveillance to determine CDI rates provides a
measure to determine the burden of CDI at a healthcare facility.

These data are also utilized to assess the efficacy of interventions
to prevent CDI. When reported back to HCP and hospital
administrators, CDI rates can be applied as a tool to improve
adherence to CDI preventive measures.
a. When conducting CDI surveillance, healthcare facilities can

use traditional infection surveillance reporting or labora-
tory-based reporting.
i. Traditional reporting involves chart review to determine
the date of symptom onset and whether the patient meets
the surveillance definition for CDI. Potential cases are
typically identified by a stool laboratory test positive
for toxigenic C. difficile and/or its toxins.

ii. Laboratory-based reporting also utilizes positive tests to
identify cases, but chart review is not performed.
Rather, it is assumed that all positive tests represent
patients with CDI, and the date of stool collection is used
as a proxy for date of symptom onset.

b. Comparisons between themethods of surveillance have been
performed, and the 2 methods typically have good concord-
ance in correctly categorizing CDI cases into the proper sur-
veillance definition.59,60

i. Although there are concerns that laboratory-based sur-
veillance is less accurate and more likely to incorrectly
classify community-onset CDI cases as healthcare-facility
onset, excellent sensitivity and specificity of an electronic
surveillance algorithm has been demonstrated.59 Even
with the potential for some misclassification, the time
saved by laboratory-based surveillance is often deter-
mined to outweigh the risk.59,60 In addition, identification
of misclassification is an opportunity for improvement.

ii. Rapid identification and implementation of contact pre-
cautions for patients with CDI is paramount to preventC.
difficile transmission. Patients with community-onset
CDI who are not identified until it is classified as health-
care facility-onset CDI represent delays in CDI diagnosis
and initiation of contact precautions.

2. Surveillance can be performed on specific wards or units and/or
an entire healthcare facility level.

3. Infection prevention and control programs should have a sys-
tem in place for reviewing results of positive C. difficile tests in
patients included in their CDI surveillance plan to ensure
accurate and complete case ascertainment. The healthcare
facility-onset CDI rate can be expressed as the number of
CDI case patients per 10,000 patient days. The calculation
of this rate is (number of case patients ÷ the number of
inpatient days per reporting period) × 10,000 = rate per
10,000 inpatient days.

4. Outbreaks and hyperendemic rates can occur at the ward level.
a. An outbreak can be defined as an increase in CDI in time

and/or space believed to be greater than that expected by
chance alone for a given healthcare facility or ward.

b. A hyperendemic rate can be defined as a persistently elevated
CDI rate compared to past rates or compared to other sim-
ilar healthcare facilities and/or wards.

Identification of patients with CDI and appropriate test
utilization

1. Background:
a. Positive results of diarrheal stool tests for toxigenic C. diffi-

cile (ie, NAAT) or its toxins (ie, EIA) are the most common
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methods to identify patients with CDI.34,50,51,61 Aminority of
patients are diagnosed by visualizing pseudomembranes at
endoscopy and/or by histopathology without stool testing.61

NAATs, which detect toxigenic C. difficile, are extraordi-
narily sensitive but do not reliably differentiate C. difficile
colonization and infection. Toxin EIAs, which detect C. dif-
ficile toxins, are less sensitive than NAATs but have greater
clinical predictive value for CDI.62,63

b. These distinctions between test types are important because
C. difficile colonization can occur in up to 20%–25% of chil-
dren and adults over the course of their hospitalization and is
more likely to occur with prolonged and/or repeated hospi-
talizations. Thus, the specific test used and the scenarios dur-
ing which patients are tested will affect the clinical predictive
value of the test and the likelihood of misdiagnosis of C. dif-
ficile colonization as CDI. Several diagnostic stewardship
strategies are effective for reducing misdiagnosis of CDI in
individuals who are colonized with C. difficile (Section 2:
Identification of patients and appropriate test utilization,
part 1b).

c. The impact of CDI misdiagnosis: Frequent misdiagnosis of
C. difficile colonization as CDI falsely increases institutional

CDI rates, which may be publicly reported. Misdiagnosis
impairs reliable interfacility comparisons of CDI rates and
increases inappropriate use of antibiotics for CDI, which
may result in increased healthcare costs, risk of antibiotic-
related adverse events, antimicrobial resistance, and pro-
longed use of contact precautions (ie, isolation).64

2. Potential strategies for improving test utilization:
a. Institutions should establish criteria for CDI test collection,

processing, and test interpretation. This is important irre-
spective of test type but is particularly important when
NAATs are used either as a standalone test or multi-step
testing algorithm.34 If a multistep algorithm is used, hospi-
tals should develop clinical practice guidance for the treat-
ment of patients who are toxin EIA positive versus those
positive only by NAAT. HCP should receive education
about the availability and use of that clinical practice
guideline.

b. Testing criteria may include several factors, including the
presence of diarrhea, recent CDI testing history, and the
presence of factors that increase likelihood of other non-
CDI diarrheal etiologies.34 Evidence-based testing strategies
include the following:
i. When diagnosing CDI, only test patients with clinically
significant diarrhea for C. difficile or its toxins. Clinically
significant diarrhea is defined as 3 or more unexplained
and new-onset, unformed stools in the 24-hour period
prior to testing. Unexplained diarrhea implies lack of
an alternative explanation, but HCP should be aware
that CDI and other potential alternative explanations
may not be mutually exclusive (eg, patients on laxatives
or who recently started enteral feeds can also have CDI).
Effort should be taken to discern diarrhea chronology
and associated symptoms to discern CDI from alterna-
tive explanations to guide testing decisions.
a. Testing of those without diarrhea should not be part

of routine clinical practice (see Section 4: Essential
practices, part 2).

b. For patients without clinically significant diarrhea,
testing should only be pursued if other CDI signs
or symptoms are present that may reduce stool out-
put, such as ileus or toxic megacolon.

ii. Prior to testing for C. difficile in patients with new-
onset diarrhea, thoughtful consideration should be
given to other potential infectious or noninfectious
diarrhea etiologies. This includes current use of medi-
cations that result in diarrhea, such as laxatives. In some
circumstances, it may be reasonable to hold laxatives
to observe for resolution of diarrhea before sending
C. difficile testing.

iii. Repeated testing for C. difficile should not be performed
during the same episode of diarrhea (ie, within 7 days).

iv. Because of the high prevalence of asymptomatic coloni-
zation of toxigenic C. difficile among infants and chil-
dren aged <2 years, testing for CDI is not advised in
children aged <1 year, and testing for CDI in children
aged 1–2 years should be deferred until other more likely
infectious or noninfectious diarrhea etiologies have been
excluded.

v. Most patients who are clinically cured with treatment
will continue to have toxigenic C. difficile in their stool
for multiple weeks or longer, which is not an indication

Table 4. Clostridioides difficile Infection (CDI) Prevention Process and Outcome
Measures

Process Measuresa

Compliance with hand hygiene
guidelines:
If hand hygiene with soap and
water is the preferred method of
hand hygiene when caring for
patients with CDI, also assess
proper hand washing technique
with the same formula.

(No. of observed proper hand
hygiene episodes performed by
HCP ÷ total no. of observed
opportunities for hand hygiene) ×
100 = % compliance with hand
hygiene compliance

Compliance with contact
precautions

(No. of observed patient care
episodes in which contact
precautions are appropriately
implemented ÷ the no. of observed
patient care episodes in which
contact precautions are indicated)
× 100 = % compliance with contact
precautions

Compliance with environmental
cleaning and disinfection

One specific measure of
compliance for use in all hospitals
cannot be recommended. However,
many hospitals use checklists,
environmental rounds, fluorescent
markers, and/or ATP
bioluminescence to assess the
cleaning and disinfection process
and cleanliness of equipment and
the environment (see Section 4:
Essential practices, part 5).

Outcome Measuresb

• Calculate CDI rates.
• See Table 3 for case definitions.

(No. of CDI cases in the population being monitored ÷ total number of
patient days in the population being monitored) × 10,000 = No. of CDI
cases per 10,000 patient days

Note. HCP, healthcare personnel.
aOngoing measurement of recommended CDI prevention practices to permit risk assessment
of CDI.
bOngoing measurement of incidence density of CDI for longitudinal assessment of outcomes
related to the processes of care.
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of treatment failure. Therefore, test of cure should not be
conducted, even if a patient is being transferred to
another healthcare facility. Facilities should not require
repeat C. difficile testing to confirm “clearance” of the
organism prior to accepting a patient for interfacility
transfer.

c. Care must be given to balance diagnostic stewardship strat-
egies with also avoiding underutilization of testing that
could potentially lead to missed CDI cases. Frequently
missed opportunities to test adults with new onset of
diarrhea has been reported at some hospitals, but its impact
on patient outcomes and/or C. difficile transmission is
unknown.65

d. Several diagnostic stewardship strategies have safely and
successfully reduced misdiagnosis of C. difficile colonization
as CDI, with resultant reduction in hospital CDI incidence,
CDI antibiotic use, and healthcare charges. These strategies
include those below. The comparative effectiveness of these
interventions is unknown, although leveraging electronic
resources has the advantage of better ensuring consistency
in the diagnostic stewardship approach. Hospitals can con-
sider implementation of 1 or more based on cost, resources,
and feasibility:
i. Clinical microbiology assessment of stool consistency by
various methods and rejection of formed stools for testing

ii. Education of ordering providers66,67 and bedside
nurses68,69 about appropriate CDI testing decisions

iii. Audit and feedback of CDI testing orders regarding
appropriateness of testing70

iv. Real-time computerized provider order entry alerts and
decision support tools67,71,72

v. Electronic medical record tracking of clinically
significant diarrhea and laxative use at time of
C. difficile testing ordering.73

Section 3: Background on prevention of CDI

Summary of existing guidelines and recommendations

1. Limitations of existing guidance. Published guidelines on the
management of CDI have expanded in recent years, but only
some address CDI prevention.34,52,74,75 Most published studies
of CDI prevention are single-center studies with a quasi-exper-
imental (ie, before-and-after or pre- and postintervention) or
other observational nonexperimental study design, often per-
formed in response to outbreaks or elevated CDI rates. Often,
several concomitant interventions are performed, making it dif-
ficult to determine the relative importance of one intervention
compared to another. Before-and-after studies are also limited
by time-related biases that are difficult to adjust for in the absence
of a control group or properly conducted analyses such as inter-
rupted time-series analysis.76,77 However, several studies have uti-
lized these techniques, in some cases leading to meta-analyses.

2. Unique microbiologic characteristics of C. difficile. C. difficile
shares many common epidemiologic characteristics with other
antimicrobial-resistant gram-positive organisms such as methi-
cillin-resistant Staphylococcus aureus (MRSA) and vancomy-
cin-resistant Enterococcus (VRE). Both the skin and the
environment of colonized patients become contaminated,
and HCP hands may become contaminated by touching the
environment or the patient.78–81 The major difference among
these 3 organisms is that only C. difficile forms spores. The

formation of spores poses unique challenges for hand hygiene
and environmental disinfection practices because C. difficile
spores are resistant to the bactericidal effects of alcohol and
commonly used hospital disinfectants (eg, phenolics and
quaternary ammonium compounds).

3. Strategies focused on uniquemicrobiologic characteristics incon-
sistently result in CDI prevention. Although alcohol-based hand
rub is ineffective at removing or disinfecting C. difficile spores in
controlled laboratory experiments, no clinical study has demon-
strated an increase in CDI with the use of these products or a
decrease in CDI with soap and water.82–88 Conversely, several
of the studies did identify decreases in MRSA83–85,88 or VRE84

associated with the use of alcohol-based hand rub. Similarly,
use of sporicidal methods to disinfect the environment outside
outbreak settings has not consistently demonstrated a reduction
inCDIwith thesemethods.89–91 These data indicate that although
the environment can be an important source of C. difficile, indi-
rect transmission by HCP may be the predominant route by
which patients acquire C. difficile.

4. Strategies to prevent CDI (discussed in Section 4) in acute-care
settings are generally categorized as follows:
a. Approaches to minimize C. difficile exposure and coloniza-

tion through transmission by HCP (eg, hand hygiene and
contact precautions)

b. Approaches to minimize C. difficile exposure and coloniza-
tion through transmission from the environment (eg, clean-
ing and disinfection of environment and shared medical
devices)

c. Approaches to reduce the risk of C. difficile colonization and
CDI if the organism is encountered by the patient (eg, anti-
microbial stewardship).

Infrastructure requirements

1. Trained infection preventionists. Infection preventionists
must have knowledge about risk factors and methods to
prevent CDI. They must also be trained in how to categorize
CDI cases using surveillance definitions and how to calculate
CDI rates.

2. Methods to systematically identify patients with CDI. Infection
preventionists must be able to identify patients with CDI as
soon as possible after they are diagnosed, in order to ensure
patients are placed in contact precautions in a timely fashion.
These data can also be used to calculate CDI rates.

3. Ability to place patients with CDI on contact precautions:
a. Contact precautions require the ability to place patients in a

private room (preferably) or cohort patients with CDI.
b. Place materials necessary for adherence with contact precau-

tions (eg, gowns and gloves) in an easily accessible space out-
side of the patient room. Hand washing sinks should be
readily accessible to HCP following doffing of personal pro-
tective equipment and/or care of patients with suspected or
confirmed CDI.

c. Place a sign indicating that the patient is on contact precau-
tions outside the patient’s room. This sign should be in
English as well as any other language that is commonly spo-
ken in the community or among HCP.

d. Patients with stool incontinence should preferentially be
placed in private rooms. If private rooms are unavailable,
use of a dedicated commode or bathroom is recommended.
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e. If it is necessary to cohort patients, place colonized or
infected patients in cohorts with the same organism(s).
For example, do not cohort patients with CDI who are dis-
cordant on VRE or MRSA colonization status.

f. Dedicated equipment (eg, stethoscopes) should be readily
available for HCP. If dedicated equipment is not available,
responsibility for who will clean and disinfect equipment,
when it will be cleaned and disinfected, and how it will be
cleaned and disinfected must be clearly stated.

g. Have systems in place to facilitate communication among
infection prevention and control, admitting, nursing, and
environmental service departments, and develop contin-
gency plans for limited bed availability conditions.

4. An antimicrobial stewardship program is an important part of
many quality and safety metrics, including CDI prevention (see
Section 4: Essential practices, part 1). A more detailed descrip-
tion of antimicrobial stewardship program infrastructure has
been published by Barlam et al.92

5. Provide educational materials for patients, familymembers, and
HCP that include explanations of CDI, why contact precautions
are necessary, and the importance of hand hygiene.

6. Provide adequate resources and training for environmental ser-
vice personnel to ensure proper cleaning of rooms.

Section 4: Recommended strategies for CDI prevention

Recommendations are categorized as either (1) essential practices
that should be adopted by all acute-care hospitals or (2) additional
approaches that can be considered for use in locations and/or pop-
ulations within hospitals when CDI incidence is not controlled by
use of essential practices. Essential practices include recommenda-
tions in which the potential to impact CDI risk clearly outweighs
the potential for undesirable effects. Hospitals can prioritize their
efforts by initially focusing on implementing the prevention
approaches listed as essential practices. If CDI surveillance or other
risk assessments suggest ongoing opportunities for improvement,
hospitals should then consider adopting some or all of the addi-
tional approaches. These can be implemented in specific locations
or patient populations, or they can be implemented hospital-wide,
depending on outcome data, risk assessment, and/or local require-
ments. After literature review and discussion by the author panel,
each recommendation was assigned a quality of evidence (Table 2).

Essential practices for preventing CDI recommended for all
acute-care hospitals

1. Encourage appropriate use of antimicrobials through imple-
mentation of an antimicrobial stewardship program.
(Quality of evidence: MODERATE)
a. Ensure appropriate use of antimicrobials for CDI treat-

ment: HCP should work with their antimicrobial steward-
ship program to ensure that patients with CDI are receiving
appropriate severity-based treatment based on current
guidance,34,75 which may improve clinical outcomes of
CDI in these patients. Antimicrobial stewardship guidance
should be paired with diagnostic stewardship guidance to
ensure appropriate interpretation of C. difficile diagnostic
tests and confirm that CDI therapy is needed (see
Section 4: Essential practices, part 2). These efforts are par-
ticularly important considering the proposed incorporation
of CDI treatment in an updated CDI surveillance definition
(ie, HT-CDI).

b. Ensure the appropriate use of non–CDI-treatment
antimicrobials.34

i. Themajor risk factor for hospitalized patients to develop
CDI is antecedent antimicrobial exposure.93,94 Although
any systemic antibiotic may increase the risk of CDI, flu-
oroquinolones, third- and fourth-generation cephalo-
sporins, carbapenems, and clindamycin are associated
with the highest risk of CDI.34 Encouraging appropriate
antimicrobial use has been associated with reductions in
CDI incidence in both endemic and outbreak settings.95–
98 Two meta-analyses suggest that implementation of an
antimicrobial stewardship program reduces CDI inci-
dence by 30%–50%.99,100

ii. Appropriate antimicrobial use includes avoiding anti-
microbial exposure if the patient does not have a con-
dition for which antimicrobials are indicated, de-
escalating antibiotic therapy when feasible, and select-
ing antimicrobials associated with a lower risk of CDI
when possible.101

iii. Antimicrobial stewardship programs that are restrictive
(ie, that require approval prior to antibiotic administra-
tion) are likely more effective for reducing CDI than pro-
grams that are persuasive (eg, that audit antimicrobial use
and give direct feedback to the HCP).100

iv. The effectiveness of antimicrobial stewardship programs
for reducing CDI incidence has been reported both for
programs targeting antibiotic use generally99,100 and for
those that target high-risk antibiotics specifically,97 such
as fluoroquinolones102–105 and cephalosporins.104,105

v. Restriction of specific high-risk antimicrobials (eg, clin-
damycin, cephalosporins, and fluoroquinolones) may
be a targeted approach that can be utilized specifically
during CDI outbreaks or based on local CDI epidemi-
ology.106–108 For example, a decline in the incidence of
the fluoroquinolone-resistant 027/BI/NAP1 strain has
been associated with targeted efforts to reduce fluoro-
quinolone use.109

vi. Appropriate use of non–CDI-treatment antimicrobials
may be particularly important for patients with history
of CDI and/or C. difficile colonization.

2. Implement diagnostic stewardship practices for ensuring
appropriate use and interpretation of C. difficile testing.
(Quality of evidence: LOW)
a. Hospital infection prevention and control programs should

work with their clinical microbiology laboratory to develop
pre-agreed criteria for C. difficile testing, particularly if
NAATs are used either as a standalone test or part of a mul-
tistep testing algorithm (see Section 2: Identification of
patients and appropriate test utilization).34 Inclusion of
the antibiotic stewardship program in these discussions
may assist in optimizing CDI treatment decisions based
on test results.

b. At minimum, C. difficile testing should be avoided in
patients without clinically significant diarrhea, in those
who have been tested in the prior 7 days, and in children
aged <1 year.34 Additional action may be taken to reduce
testing in individuals with diarrhea from a more likely eti-
ology such as recent laxative use or initiation of enteral tube
feeding.

c. Ordering providers66,67 and bedside nurses68,69 should
receive education about appropriate use and interpretation
of C. difficile testing. Bedside nurses frequently identify

536 Larry K. Kociolek et al

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.18


patients with diarrhea before the treating physician does
and some hospitals have standing orders or nurse-driven
protocols to test patients with diarrhea for C. difficile. In
these circumstances, education of optimalC. difficile testing
practices should be performed before implementing nurse-
driven protocols, and education should be continually rein-
forced among nursing staff.

d. If feasible, the electronic medical record system should be
leveraged to provide computerized provider order entry
support and/or monitoring for clinical testing criteria
(see Section 2: Identification of patients and appropriate
test utilization).67,71–73

3. Use contact precautions for infected patients, single-patient
room preferred. (Quality of evidence: LOW for hand hygiene;
MODERATE for gloves; LOW for gowns; LOW for single-
patient room)
a. Perform hand hygiene based on CDC or World Health

Organization (WHO) guidelines before and after entering
the room (ie, immediately before donning and after
removing personal protective equipment). Using soap
and water prior to the use of alcohol-based hand rubs is
recommended as an additional strategy (see Section 4:
Additional approaches, part 2).

b. Place patients with CDI on contact precautions to help
reduce patient-to-patient spread of the organism.
i. Place patients in private rooms when available.
ii. Don gown and gloves upon entry to the patient’s room.

Gloves should be changed immediately if visibly soiled,
after touching or handling surfaces or materials conta-
minated with feces, or after moving from a dirty area of
patient care (eg, high-touch surface or likely contami-
nated area of the body of a patient) to a clean area (eg,
patient wound or indwelling device).

iii. Make dedicated patient care equipment (eg, stetho-
scopes) readily available.
1. Use dedicated equipment whenever possible.
2. If equipment is shared between patients (eg, glucom-

eters), do not bring the equipment into the patient
room if possible.

3. Clean and disinfect the piece of equipment immedi-
ately after use. Identify who will clean and disinfect,
and how to clean/disinfect, each piece of shared
equipment.

iv. Remove gown and gloves prior to exiting the room and
then perform hand hygiene.

c. Cohorting of patients with CDI110 is acceptable when single
private rooms are not available.
i. An intensive care unit (ICU)–based study found admis-
sion to a room of a patient with CDI to be a risk factor
for CDI, but 90% of patients who developed CDI did
not have this risk factor.111 Other studies that have
examined sharing a roomwith a patient diagnosed with
CDI or being admitted to a room after a patient with
CDI was discharged from that room, have not found
these exposures to be risk factors for CDI.79,93,112,113

ii. Place patients with stool incontinence preferentially in
private rooms.

iii. Do not cohort patients who are discordant for other
epidemiologically important organisms (eg, VRE or
MRSA).

iv. Remove gowns and gloves and perform hand hygiene
when moving from one patient to the other.

d. Ensure that adequate supplies for contact precautions are
readily available.
i. Clinical and hospital supply chain management leaders
together are responsible for ensuring that necessary
barrier equipment supplies (eg, gowns, gloves), dedi-
cated equipment, and hand hygiene products are readily
available.

ii. Assign responsibility for monitoring the availability and
restocking of supplies to specific HCP.

e. Criteria for discontinuing contact precautions:
i. The CDC currently recommends114 contact precau-
tions for patients with CDI for at least 48 hours after
diarrhea has resolved. This is the recommendation
for patients who have diarrhea and are positive by
NAAT, irrespective of EIA result (ie, even if patient
is C. difficile positive but suspected to be colonized
and have an alternate cause of diarrhea). Contact pre-
cautions can potentially be prolonged up to the dura-
tion of hospitalization, and this is considered an
additional approach (see Section 4: Additional
approaches, part 3).

ii. After resolution of symptoms, patients with CDI can
continue to shed C. difficile in stool and contaminate
the environment.115 In addition, these patients are at
high risk for recurrent CDI after treatment is stopped.
Currently, data do not exist to support extending con-
tact precautions as a measure to decrease CDI inci-
dence. Therefore, extending contact precautions until
discharge for all patients with CDI remains an addi-
tional approach.

iii. Area of controversy: Asymptomatic colonized patients
who have not had CDI can shed C. difficile spores, but
the number of spores and degree of contamination is
not as great as for patients with active CDI.113

Identification of these patients and initiation of contact
precautions may prevent C. difficile transmission but
this issue remains unresolved (see Section 4:
Unresolved issues).

4. Adequately clean and disinfect equipment and the environ-
ment of patients with CDI. (Quality of evidence: LOW for
equipment; LOW for environment)
a. C. difficile spores contaminate the environment in which

patients are housed and the equipment used to care for
them.116 The environment includes the following:
i. Furnishings in the room such as over-bed tables,
bedrails, furniture, sinks, floors, commodes, and toilets

ii. Patient care equipment that directly touches patients,
such as thermometers, stethoscopes, and blood pres-
sure cuffs

iii. Surfaces touched by HCP and/or patients such as door
knobs and intravenous infusion pumps

b. C. difficilemay contaminate surfaces outside patient rooms,
but the frequency of contamination and the number of
spores is much lower than are typically present on surfaces
inside the rooms of patients with CDI.117,118

c. Contaminated surfaces and equipment are potential reser-
voirs for transmission of C. difficile.
i. Data are conflicting as to whether environmental inac-
tivation of spores is necessary to prevent C. difficile
transmission, especially in an endemic setting.

ii. As an additional approach, facilities should consider
using a 1:10 dilution of sodium hypochlorite
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(household bleach) or other product with the US
Environmental Protection Agency (EPA)–approved
claim for C. difficile sporicidal activity119 to disinfect
the environment in outbreak and hyperendemic set-
tings in conjunction with other infection prevention
and control measures (see Section 4: Essential practices,
part 4). The solution should have a contact time that
meets the manufacturers’ recommendations for C. dif-
ficile spores.

iii. Touchless disinfection technologies is an unresolved
issue (see the discussion in Section 4: Unresolved issues,
part 2).

d. Develop and implement protocols for disinfection of equip-
ment and the environment.
i. On a routine basis, assess adherence to protocols and
the adequacy of cleaning and disinfection.120

ii. Assess the adequacy of cleaning and disinfection prac-
tices before changing to a new cleaning product (eg,
bleach). If cleaning and disinfection practices are not
adequate, address this before changing products (see
Section 4: Essential practices, part 5).

iii. Ensure that patient care equipment (eg, wall mounted
sphygmomanometers) and electronic equipment (eg,
computers) that remain in the patient room are
cleaned/disinfected.

iv. Educate environmental service personnel on proper
cleaning and disinfection technique frequently. The fre-
quency of education may need to be increased if per-
sonnel turnover is high. Ensure that education is
provided in the native language of personnel.

e. Dedicate noncritical patient-care items, such as blood pres-
sure cuffs, stethoscopes, and thermometers, to a single
patient with C. difficile. When this is not possible, ensure
adequate cleaning and disinfection of shared items between
patient encounters. Ensure thatmanufacturers’ recommen-
dations for contact time of disinfectants are followed.

5. Assess the adequacy of room cleaning. (Quality of evidence:
LOW)
a. Work with the environmental services team to establish a

process for assessing adequacy of room cleaning at a fre-
quency that is feasible for the team.

b. The process should focus on reviewing and improving
cleaning and disinfection techniques. Important issues to
address include proper dilution of cleaning and disinfection
products, adequacy of cleaning and disinfection technique,
cleaning “high-touch” surfaces, frequency of changing rags
and mop water, and moving from “clean” areas to “dirty”
areas.
i. Create a unit-specific check list based on cleaning pro-
tocols and perform observations to monitor cleaning
practice.

ii. Some studies have demonstrated improved cleaning
and disinfection through use of fluorescent markers
to monitor thoroughness of cleaning or ATP biolumi-
nescence to measure organic material on surface.41,121

However, in another study, fluorescent markers to pro-
vide monitoring and feedback of thoroughness of room
cleaning did not lead to adequate reductions in C. dif-
ficile spores from the environment and other enhanced
disinfection methods were required.42

iii. Environmental cultures for C. difficile are difficult to
perform and may require media not commercially

available, and therefore are not routinely
recommended.122

c. Consider environmental decontamination with an EPA-
approved sporicidal agent if room cleaning and disinfection
is deemed to be adequate but there is ongoing C. difficile
transmission (see Section 4: Essential practices, part 4b).

6. Implement a laboratory-based alert system to provide imme-
diate notification to infection preventionists and clinical per-
sonnel about newly diagnosed patients with CDI. (Quality of
evidence: LOW)
a. To place patients with CDI on contact precautions in a

timelymanner, it is important that an alert system be devel-
oped between the laboratory and both infection preven-
tionists and the clinical personnel caring for the patient.
This alert system should promptly notify infection preven-
tionists and clinical personnel when a patient is newly diag-
nosed with CDI.

b. This information can be transmitted using a variety of
methods. Some options include fax alerts, phone call and
pager alerts, or automated secure electronic alerts. The alert
system should not rely solely on passive communications
that do not push notifications to those HCP who need to
act on the information immediately, such as faxes or emails
to infrequently monitored inboxes.

c. Alert patient care areas of positive test results immediately
so that these patients can be placed on contact precautions
as soon as possible. Clear protocols indicating who is
responsible for reporting a positive test result to the patient
care location and who can implement and remove patients
from contact precautions should be available.

d. When a patient has CDI (or another current or prior infec-
tion requiring isolation), communicate the CDI and isola-
tion status when transferring the patient to another
healthcare facility so appropriate precautions can be imple-
mented at the accepting facility.

7. Conduct CDI surveillance and analyze and report CDI data.
(Quality of evidence: LOW)
a. At aminimum, calculate healthcare facility-onset CDI rates

at the organizational level and consider specifically calcu-
lating CDI rates by unit or ward (Table 3).55

b. Provide CDI rates and CDI prevention process measures to
key stakeholders including senior leadership, physicians,
nursing staff, and other clinicians.

c. Provide the process and outcome measures outlined in the
“Performance Measures (see Section 5) to appropriate hos-
pital staff and administrators on a regular basis. The fre-
quency at which these data are provided will depend
upon the hospital’s existing reporting structure and the type
of data collected. These data can be added to routine quality
assessment and performance improvement reports.

8. Educate HCP, environmental service personnel, and hospital
administration about CDI (Quality of evidence: LOW),
including risk factors, routes of transmission, local CDI epi-
demiology, patient outcomes, and treatment and prevention
measures.

9. Educate patients and their families about CDI as appropriate.
(Quality of evidence: LOW)
a. Although often not considered part of a program to reduce

transmission of CDI and/or multidrug-resistant organisms,
proper education may help to alleviate patient and
family fears regarding being placed in contact
precautions.36
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b. Include information about anticipated questions: general
information about CDI, colonization versus infection, the
hospital’s CDI prevention program, the components of
and rationale for contact precautions, the risk of transmis-
sion to family and visitors while in the hospital and
after discharge, and importance of hand hygiene by staff,
patients, and visitors. Helpful materials might include
patient education sheets in appropriate language(s), the
use of patient education channels, websites, or DVDs.

10. Measure compliance with the CDC or WHO hand hygiene
and contact precautions recommendations. (Quality of evi-
dence: LOW)
a. Patient-to-patient transmission of C. difficile is thought to

occur primarily through transient contamination of the
hands of HCP with spores.

b. Glove use when caring for patients with CDI or touching
surfaces in their rooms has been shown to be effective at
preventing the transmission of C. difficile.

c. Hand hygiene practices in compliance with CDC or WHO
guidelines may be important to C. difficile control and pre-
vention. Evidence-based recommendations for implemen-
tation and assessment of hand hygiene programs in
healthcare settings have been published.37

d. Area of controversy: Although gloving is clearly a priority
when caring for patients with CDI, the best hand hygiene
practice after removing gloves is controversial. There are
concerns regarding reliance on alcohol-based hand rub
because alcohol is not sporicidal. Several controlled studies
have found alcohol-based hand rub to be ineffective at
removing or inactivating C. difficile spores from the hands
of volunteers contaminated with a known number of spores
compared to hand washing.38,39 Notably, one study did find
a reduction of spores from the palmar surface of the hand
with the alcohol-based hand rub,38 and another recent pub-
lication found most hand wash products produced a <1-
log10 reduction in spores despite a 60-second hand wash
(30-second wash and 30-second rinse).40 When consider-
ing whether or not to promote hand washing over alco-
hol-based hand rub after caring for a patient with CDI,
consider that contamination of hands is less common when
gloves are worn for the patient encounter.79 And, as previ-
ously stated, several clinical studies have not found an
increase in CDI with alcohol-based hand rub, but several
did find reductions in MRSA and/or VRE.82–88,123

Additional approaches for preventing CDI

In addition to ensuring compliance with the essential recommen-
dations, additional approaches may be added to the CDI preven-
tion program. Additional approaches are (1) approaches in which
the intervention is likely to reduce CDI risk but where there is
concern about the risks for undesirable outcomes; (2) approaches
in which the quality of evidence is relatively low; and
(3) approaches in which evidence supports the impact of the
intervention in select settings (eg, during outbreaks) or for select
patient populations.

When CDI incidence remains higher than the institution’s
goal, a CDI risk assessment should be performed. Components
of this risk assessment should include, but not necessarily be lim-
ited to, determining the location or unit of new CDI cases within
the affected area (ie, repeated cases in the same room or cases
distributed across multiple sites), the adequacy of contact

precautions compliance, the adequacy of hand hygiene, and
the adequacy of environmental and equipment cleaning.
Additionally, there may be opportunities for improved antibiotic
and/or diagnostic test utilization. Meetings with leadership and
HCP in the affected area should be conducted to identify
potential opportunities to improve the CDI prevention plan.
Contact the laboratory that performs the C. difficile assay(s) to
determine if there have been any changes in assay(s) or assay
performance.124

1. Intensify the assessment of compliance with process measures.
(Quality of evidence: LOW)
a. Contact precautions: gowns and gloves should be worn by all

HCP who enter the rooms of patients on contact
precautions.

b. Hand hygiene: hand hygiene should be performed at least on
entry and exit from patient rooms. When hand washing is
performed, determine whether proper technique is being
used. If hand hygiene compliance or technique are not
adequate, conduct interventions to improve hand hygiene
compliance and technique.

c. Assess opportunities for improved antibiotic and/or diag-
nostic test utilization with improved compliance with and/
or using additional antibiotic or diagnostic stewardship
approaches (see Section 4: Essential practices, parts 1 and 2).

2. As the preferred method, perform hand hygiene with soap and
water following care of or interacting with the healthcare envi-
ronment of a patient with CDI. (Quality of evidence: LOW)
a. When considering a CDI-specific hand hygienemeasure, the

priority should be to ensure adherence to donning gloves
and proper technique when doffing to minimize the risk
for self-contamination.

b. Ideally, after removing gloves, hand hygiene is performed
before exiting the patient room when feasible.

c. Ensure proper hand hygiene technique when using soap and
water.

d. Be aware that hand hygiene adherence may decrease when
soap and water is the preferred method.37

i. Gloves are effective at preventing C. difficile contamina-
tion of hands.79

ii. Hand washingmay remove<1-log10 of spores, even with
a 60-second hand wash.40

iii. Alcohol-based hand rub is superior to hand washing for
non–spore-forming organisms (eg, MRSA). Using alco-
hol-based hand rub following soap and water may
enhance hand hygiene effectiveness.

iv. Reductions in CDI have not been observed with hand
washing only using soap and water.82–88

3. Place patients with diarrhea on contact precautions whileC. dif-
ficile testing is pending. (Quality of evidence: LOW)
a. Patients with new-onset diarrhea that is unexplained should

be placed on contact precautions when diarrhea is recog-
nized. Employ measures, particularly the use of gowns
and gloves and disinfection of shared medical equipment
(see Section 4: Essential practices, part 3). Contact precau-
tions should be initiated as soon as diarrhea symptoms
are recognized because this is the period of greatest C. diffi-
cile shedding and contamination.115

b. Availability of private rooms or ability to cohort patients in
nonprivate rooms before a CDI diagnosis is made may be a
challenge for some hospitals. Because only a small minority
of individuals with diarrhea in a hospital will haveC. difficile,

Infection Control & Hospital Epidemiology 539

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.18


initiation of full contact precautions in a private or cohort
room prior to test results may lead to unnecessary cohort
restrictions or patient transfers to private rooms.
i. The decision to place a patient on contact precautions in
a private or cohort room while testing is pending can be
based on several factors, including likelihood that the
patient will transmit C. difficile, turnaround time of
CDI test results, and impact of contact precautions on
hospital bed management.

ii. The pretest probability of CDI is increased by certain
clinical factors, such as recent history of CDI, high-risk
antibiotics (see Section 4: Essential practices, part 1),
and/or signs or symptoms of fulminant CDI, such as
toxic megacolon. Other factors such as high-volume
stool output, stool incontinence, and/or presence of an
ostomymay increase the likelihood of CDI transmission.
These factors can be considered when deciding on pre-
emptive contact precautions while C. difficile testing is
pending.

iii. Movement to a private or cohorted room while awaiting
test results is recommended at centers where C. difficile
test turnaround time is >12–24 hours.

c. If C. difficile testing is negative, and another infectious etiol-
ogy that requires contact precautions is not suspected, con-
tact precautions can be discontinued based on test type and
clinical suspicion for CDI.
i. Because of its high negative predictive value, patients with
a negative NAAT can be removed from contact
precautions.

ii. Some hospitals diagnose CDI using only toxin EIAs, for
which concerns persist regarding suboptimal sensitivity
compared with NAATs. When only toxin EIAs are used,
clinical suspicion for CDI should outweigh a negative test
result. If there is high pretest probability of CDI, the
patient should remain on contact precautions.

4. Prolong the duration of contact precautions after the patient
becomes asymptomatic until hospital discharge. (Quality of evi-
dence: LOW)
a. For patients with CDI, CDC currently recommends114 con-

tact precautions for at least 48 hours after diarrhea resolves.
However, some hospitals may choose to extend contact pre-
cautions for the duration of hospitalization even if symp-
toms have resolved. This is the recommendation for
patients who have diarrhea and are positive by NAAT, irre-
spective of EIA result (ie, even if patient is C. difficile positive
but is suspected to be colonized and to have an alternate
cause of diarrhea).

b. Facilities must balance potential reduction in C. difficile
transmission with individual patient risk of isolation related
to contact precautions, which may include falls and socioe-
motional stress that can lead to symptoms such as behavior
changes, anxiety, depression, and anger.

5. Use an EPA-approved sporicidal disinfectant, such as diluted
(1:10) sodium hypochlorite, for environmental cleaning and
disinfection. Implement a system to coordinate with environ-
mental services if it is determined that sodium hypochlorite
is needed for environmental disinfection. (Quality of evidence:
LOW)
a. Sporicidal disinfectants registered with the EPA, including

sodium hypochlorite, can be found in EPA List K.119

b. Data have not been consistent regarding the ability of spor-
icidal disinfectants, including diluted sodium hypochlorite,
to control CDI through environmental decontamination.
However, a beneficial effect has been reported when bleach
has been used in outbreak or hyperendemic settings, typi-
cally in conjunction with other enhanced CDI control
measures.125–128

c. When an EPA-approved sporicidal disinfectant is instituted
for environmental decontamination, it is necessary to coor-
dinate activities with environmental services.
i. Clinical staff, infection prevention and control staff, and
environmental service staff need to determine the loca-
tion, type, and frequency of sporicidal disinfectant use.
1. Room type: Use for all patient rooms, only rooms of

patients with CDI, and/or outside of patient rooms
and in common spaces.

2. Cleaning timing and frequency: Use for daily cleaning
and/or terminal cleaning only when the patient is dis-
charged or transferred. Daily disinfection of touchable
surfaces in rooms of patients with CDI and MRSA has
been shown to reduce acquisition of the pathogens on
investigators’ hands after contact with surfaces and to
decrease contamination of the hands of the HCP caring
for the patients.129

d. When diluted (1:10) sodium hypochlorite is used, it is
important to address the following issues:
i. Avoid toxicity to patients and staff and damage to equip-
ment and the environment from bleach use. Sodium
hypochlorite can be corrosive and irritating to patients,
environmental service personnel, and other HCP.

ii. Prior to application of diluted sodium hypochlorite, sur-
faces need to be cleaned to remove organic matter.

iii. Either use a freshly prepared diluted sodium hypochlo-
rite solution or store appropriately.130

e. When a sporicidal method will be used only in rooms of
patients with CDI, a systemwill need to be created to identify
these patients to environmental service staff.

f. Touchless disinfection technologies remains an unresolved
issue (see Section 4: Unresolved issues, part 2).

Unresolved issues

Several unresolved issues regarding CDI prevention remain.
Strategies identified as unresolved were characterized as such for
1 or more reasons: (1) little to no data supporting effectiveness
for preventing CDI in hospitals; or (2) some data support imple-
mentation but there are concerns of potential patient adverse
events with use and there are cost and/or logistical or operational
challenges associated with implementation. As a result, implemen-
tation of the recommendations beyond the essential practices to
prevent CDI should be individualized at each healthcare facility.
In a “tiered” approach, recommendations are instituted individu-
ally or in groups; additional “tiers” are added if CDI rates do not
improve, and essential practices are implemented as the first tier.
Additional strategies in subsequent tiers should be prioritized
based on the findings of the CDI risk assessment. Some centers
with ongoing elevated CDI incidence after implementing essential
and additional strategies may choose to adopt 1 or more unre-
solved strategies after a thorough ongoing risk assessment is
performed.
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1. Identification of asymptomatic carriers of toxigenic C. difficile
using rectal or perirectal swabs and NAAT testing and placing
those who are positive on contact precautions.
a. Selection of patients for carrier detection has been done in a

variety of ways: all emergency department admissions,131 all
new admissions to specific high-risk wards,132 and all admit-
ted patients who had been previously hospitalized within 2
months, and/or had a past C. difficile positive test, and/or
were in a long-term care facility in the prior 6 months.133

b. If a patient has diarrhea but is thought to be a carrier of C.
difficile with an alternative diarrheal etiology (eg, NAAT
positive, toxin EIA negative), contact precautions should still
be employed.

c. For asymptomatic carriers, all components of contact pre-
cautions for C. difficile carriers may not be required. One
study demonstrated reduced HA-CDI using a modified con-
tact precautions approach for carriers. Gloves, soap-and-
water hand hygiene, dedicated toilet or commode and medi-
cal equipment, and a privacy curtain were used, but modified
contact precautions did not require gown use or private
rooms.131 On the other hand, in a recent, large, cluster-ran-
domized trial, universal gown and glove use in intensive care
units failed to prevent CDI acquisition.134

d. If carrier detection is employed, the number of patient days on
contact precautions will increase significantly compared with
facilities that do not identify carriers. Hospital CDI transmis-
sion may decrease over time with this approach, and the pro-
portion of patients on contact precautions for CDI may
decrease over time.135 Because asymptomatic colonization is
much more frequent than healthcare facility–onset CDI, the
decrease in total number of patient days on contact precau-
tions will depend on local healthcare facility-onset CDI rates.

e. Antibiotics to eradicate the carrier state are generally not
indicated and represent an unresolved issue.

f. In an asymptomatic patient who has recently recovered from
CDI, a repeated test of cure is not indicated. A positive test at
the end of therapy does not predict who will develop a recur-
rence or relapse.136

g. Screening for asymptomatic colonization may have addi-
tional disadvantages in pediatric settings. C. difficile coloni-
zation rates are higher in the first 3 years of life and can
exceed 40% in infants aged <1 year. Universal screening
for colonization in children may therefore detect high num-
bers of carriers. Placing all colonized children on contact
precautions may have negative effects on cohorting,
throughput, and workflows, and it may result in dissatisfac-
tion for families if movement outside the room or use of
common spaces is restricted. In pediatric settings where this
approach is being considered, screening could be limited to
children aged >3 years (in whom colonization rates are sim-
ilar to those of adults).

2. Implementation of touchless disinfection technologies:
a. Several touchless disinfection products are commercially

available. In general, these products use ultraviolet light
(UV-C) or vaporized hydrogen peroxide (VHP) to disinfect
the environment.42,89,137 These devices inactivate C. difficile
spores, and several studies have found them to be effective at
reducing cultivatable C. difficile from patient rooms.42,89,137

Although sporicidal activity can be achieved without requir-
ing a person to wipe down a surface, the use of these devices

does not preclude the need to manually clean soiled
surfaces.42,89

b. Multiple single-center quasi-experimental studies, sum-
marized in a recent meta-analysis,138 have shown variable
results with touchless disinfection systems, depending on
the type of system used (VHP vs UV-C), baseline CDI
incidence and the type of chemical disinfection used along
with the touchless system (eg, bleach or standard
quaternary ammonium). In this meta-analysis, the study
quality was low, but 4 of 6 studies that assessed addition
of UV-C to bleach cleaning demonstrated a decrease in
CDI incidence.

c. In a cluster-randomized, multicenter, crossover study,139 UV-
C/bleach was compared to bleach alone and was used to disin-
fect rooms at the time a patient with CDI was discharged. The
incidence of CDI among subsequent patients admitted to those
rooms did not differ, suggesting little benefit of UV-C with
bleach, unlike prior single-center studies. However, also in this
study, UV-C was assessed in addition to standard quaternary
ammonium clean of rooms occupied by patients with other
common healthcare-associated pathogens. In a secondary
analysis,140 hospital-wide decreases in CDI incidence were
observed following implementation of UV-C with standard
quaternary ammonium (or with bleach for rooms previously
occupied by a patient withC. difficile). The results from the pri-
mary and secondary analyses of this study suggest that the spor-
icidal effects of UV-C may be beneficial when added to
standard disinfection processes to minimize transmission from
patients not previously known to be shedding C. difficile.

3. Use of probiotics as primary prophylaxis:
a. Numerous single-center studies have shown variable results

for probiotic prophylaxis. Studies have varied considerably
in terms of study design and size; type, dose, and duration
of probiotic; and baseline risk for CDI.

b. Limitations of prior studies. Two meta-analyses indicated
that probiotics may be effective as primary prophylaxis
against CDI.141,142 A concern with these meta-analyses is
that the studies with the greatest weight had extremely high
incidences of CDI in the placebo groups (7%, 24%, and 40%).
The incidence of CDI in high-risk patients without contra-
indications to probiotics is typically ≤3%.143,144 The high
incidence of CDI in the placebo group has the potential to
bias the findings to favor the probiotics. For example, a
recent, large, randomized controlled trial of probiotic versus
placebo with a more typical CDI incidence in the placebo
arm (1.2%) failed to demonstrate a reduction in CDI with
the use of a probiotic.145 Many hospitalized patients may
have relative contraindications to probiotics (eg, central
venous catheter, immune compromise, ICU admission,
gut mucosal barrier compromise) which may place them
at increased risk of infection (eg, bacteremia or fungemia)
caused by the probiotic strain(s).146,147

c. A more recent meta-analysis included nearly 10,000
patients in 39 studies.148 This study stratified effectiveness
of probiotics by baseline risk of CDI. A benefit of probi-
otics (relative risk 0.30; 95% confidence interval, 0.21–
0.42) was only demonstrated in studies performed in a
population of study participants with a baseline risk of
CDI >5%. This finding suggests that prescribing probiot-
ics should only be considered for primary prevention of
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CDI in those with CDI risk >5% and for those to whom it
is safe to administer.

d. Barriers to implementation of probiotics are numerous.
i. The optimal probiotic formulation, dose, duration, and
timing of initiation (eg, upon CDI diagnosis or near com-
pletion of CDI therapy) are unknown. However, a recent
meta-analysis suggests that short-term use of S. boulardii
or Lactobacillus acidophilus plus L. casei at a dose of 10–
50 billion CFU per day is best supported by the limited
available evidence.148

ii. Probiotics are regulated as nutritional supplements in a
manner less rigorous than drug products regulated by
the US Food and Drug Administration. Quality control
in terms of precision of reported dose and probiotic vari-
ability may be lacking for some products.

4. CDI antibiotic prophylaxis for certain very high-risk patients
who are receiving systemic antibiotics:
a. Recent systematic reviews and meta-analyses149,150 are con-

flicted about the benefit of oral vancomycin prophylaxis for
the primary prevention of CDI.

b. Findings from a small, single-center, HCP-blinded, ran-
domized controlled trial suggest that prophylaxis may
be beneficial.151 This study assessed the effectiveness of
vancomycin as the primary prevention for CDI in adults
with multiple CDI risk factors. Vancomycin was specifi-
cally compared to no prophylaxis in certain high-risk hos-
pitalized patients receiving systemic antibiotics.
Vancomycin 125 mg by mouth once daily was given while
receiving systemic antibiotics until 5 days after discon-
tinuing systemic antibiotics. High-risk patients were those
at least 60 years of age who were hospitalized and received
antibiotics within 30 days prior to the index admission.
None (0%) of 50 patients who received vancomycin
prophylaxis experienced CDI compared with 6 (12%)
of 50 patients who did not receive prophylaxis
(P = .03).

c. A randomized controlled trial of fidaxomicin prophylaxis in
adults undergoing hematopoietic stem-cell transplant was
associated with reduced risk of confirmed C. difficile–asso-
ciated diarrhea after transplant.152

d. Because of the relatively limited data for both effectiveness
and risks (eg, antimicrobial resistance), antibiotic primary
prophylaxis for CDI should only be considered for carefully
selected patients at very high risk for CDI and only when
CDI incidence is elevated despite implementation of other
prevention measures.

e. Although beyond the scope of this document, increasingly
available literature supports use of antibiotics for secondary
prophylaxis for CDI in patients with recent CDI to prevent
CDI recurrence in some adults149,150,153,154 and children.155

Effectiveness estimates are conflicting and additional
research is needed. The reader is referred to these studies
for further information.

5. Use of gowns and gloves by family members and other visitors:
a. The benefit of requiring family members and other visitors

to wear gowns and gloves to prevent C. difficile transmission
is unknown.156 The risk that family members and other vis-
itors will transmit C. difficile between patients is likely to be
related to the degree of contact the visitor has with the
patient and the patient’s environment, whether the visitor
performs hand hygiene, and the degree of interaction the vis-
itor has with other patients.

b. At a minimum, family members and other visitors should be
instructed to perform hand hygiene whenever entering or
leaving the patient’s room. If family members do not wear
gowns and gloves, they should be educated about and
instructed to use proper hand-washing technique prior to
leaving the patient’s room.

c. Compliance with infection prevention measures by visitors
is particularly important for pediatric patients because the
visitor is nearly always a parent or other primary caregiver
who has close contact with the child and participates in rou-
tine care activities, such as diapering and toileting.

6. Use of admission-based alert systems that notify infection pre-
ventionists and clinical personnel about readmitted or trans-
ferred patients with a history of CDI:
a. This information can be integrated into a computerized

database used during admission and registration or into a
separate electronic or paper-based database.
i. If an alert system is implemented, readmitted patients
with a history of CDI should be placed on contact precau-
tions only if they have symptoms consistent with CDI on
admission. Asymptomatic patients with a history of CDI
do not require contact precautions.

ii. The duration that the alert should remain active is
unknown. Nearly all cases of recurrent CDI occur within
90 days of the last episode. Therefore, it is reasonable to
eliminate the alert after 90 days from the last episode of
CDI. However, healthcare facilities may not be aware of
recurrent episodes of CDI that are diagnosed and man-
aged in outpatient settings, so an arbitrary cutoff based
on the last known episode of CDI may inadvertently
remove patients with ongoing recurrent CDI.

7. Ongoing assessment of CDI knowledge and intensified CDI
education among HCP. Although re-education of staff
about CDI during periods of elevated CDI rates often
occurs, it is unknown if this is an effective strategy for
CDI prevention.

8. Restriction of gastric acid suppressants. Gastric acid suppressive
medications, particularly proton pump inhibitors, increase risk
of CDI by∼20%.32,34,157 Although it is reasonable to discontinue
gastric acid suppressants in patients when no longer needed,
whether programs restricting their use effectively prevent
CDI remains unclear.

Section 5: Performance measures

Internal reporting

These performance measures are intended to support internal hos-
pital quality-improvement efforts and do not necessarily address
external reporting needs. The process and outcome measures sug-
gested here (Table 4) are derived from published guidelines, other
relevant literature, and the opinions of the authors. Report process
and outcome measures to senior hospital leadership, nursing lead-
ership, and clinicians who care for patients at risk for CDI.

1. Process measures: Perform ongoing measurement of recom-
mended CDI prevention practices to permit risk assessment
of CDI.
a. Compliance with hand hygiene guidelines.

a. Preferred measure for hand hygiene compliance
1. Numerator: number of observed proper hand hygiene

episodes performed by HCP.
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2. Denominator: total number of observed opportunities
for hand hygiene.

3. Multiply by 100 so that the measure is expressed as a
percentage.

b. If hand hygiene with soap and water is the preferred
method of hand hygiene when caring for patients with
CDI, also assess proper hand washing technique.
1. Numerator: number of proper hand washing episodes

with proper technique.
2. Denominator: total number of hand washing episodes

observed.
3. Multiply by 100 so that the measure is expressed as a

percentage.
b. Compliance with contact precautions:

a. Preferred measure of contact precautions compliance
1. Numerator: number of observed patient care episodes

in which contact precautions are appropriately
implemented.

2. Denominator: number of observed patient care epi-
sodes in which contact precautions are indicated.

3. Multiply by 100 so that the measure is expressed as a
percentage

c. Compliance with environmental cleaning and disinfection:
a. One specific measure of compliance for use in all hos-

pitals is not realistic. Many hospitals use checklists,
environmental rounds, fluorescent markers, and/or
ATP bioluminescence to assess the cleaning and
disinfection process and cleanliness of equipment
and the environment (see Section 4: Essential practi-
ces, part 5).

2. Outcome measures: Perform ongoing measurement of the
incidence density of CDI to permit longitudinal assessment
of outcomes related to the processes of care. CDI rates are
calculated as follows:
a. Numerator: number of CDI cases in the population being

monitored (specific cases included in the numerator
depends on the definition used) (Table 3).

b. Denominator: total number of patient days in the population
being monitored.

c. Multiply by 10,000 so thatmeasure is expressed as number of
cases per 10,000 patient days.

External reporting

There are many challenges in providing useful information to con-
sumers and other stakeholders while preventing unintended
adverse consequences of public reporting of HAIs.158

Recommendations for public reporting of HAIs have been pro-
vided by the Hospital Infection Control Practices Advisory
Committee (HICPAC), the Healthcare-Associated Infection
Working Group of the Joint Public Policy Committee, and the
National Quality Forum.158,159

1. State and federal requirements:
a. The Centers for Medicare &Medicaid Services (CMS) began

requiring acute-care hospitals participating in their Inpatient
Prospective Payment System to report laboratory-identified
CDI using the NHSN in January 2013.

b. For information on local requirements, check with your state
or local health department.

2. External quality initiatives. Hospitals that participate in external
quality initiatives must collect and report the data if required by
the initiative.

Section 6: Implementation strategies

Prevention of CDI relies on the integration of best practices in a
culture that supports their implementation. Accountability is
one translational link to prevent practices from being performed
in an inconsistent and fragmented way, beginning with senior lead-
ers who provide the imperative for HAI prevention and allocate
adequate resources, including necessary personnel (clinical and
nonclinical), education, and equipment.

The 4 Es—engage, educate, execute, and evaluate—is one
example of a widely used model in the US.127 The 4 Es model
involves summarizing evidence, identifying local barriers, measur-
ing performance, and ensuring that patients receive the interven-
tion.160,161 This is done by addressing knowledge, critical thinking,
behavior, psychomotor skills, attitudes, and beliefs of members of
the healthcare team. Effective strategies to address CDI within
healthcare settings are provided in this section.

Engagement

A broad scope of involvement of multidisciplinary HCP, with
engagement of team members who work in the prevention and
care of patients with CDI, helps address the complexities involved
in implementing a specific CDI control plan based on a risk assess-
ment.127 Identify and engage a multidisciplinary team as the initial
step in implementing a CDI prevention plan:

1. Involve representation from senior leadership, unit-level lead-
ership, individual HCP, laboratory personnel, pharmacy, envi-
ronmental services, materials management, and information
technology.

2. Establish goals and embed accountability in the process.

Education

1. Provide education to HCP, environmental services personnel,
executive level leadership, and others that includes at least
the following elements: risk factors for CDI, transmission, local
epidemiology, patient outcomes, treatment, hand hygiene, con-
tact precautions, management of MDROs, and individual job
responsibilities.37,162

2. Provide information in the native language of the HCP when-
ever possible.

3. Identify and implement methods for education and training
that provide immersive experiences to enhance critical thinking
and decision-making skills (eg, simulations).163

4. Provide education to patients and their families regarding CDI
that at least includes the following elements:
a. The importance of properly performing hand hygiene164

b. General information about CDI, including risk for recurrent
CDI, and the difference between colonization and infection

c. How the facility works to prevent CDI (eg, relevant elements
of its CDI prevention program)

d. Components of and rationale for contact precautions
e. Risks of transmission to family and visitors while in the hos-

pital and after discharge.
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Execution

1. Initiate a CDI prevention program:
a. Perform a CDI risk assessment as a basis for a comprehen-

sive and multidisciplinary intervention.127

b. Define local CDI epidemiology.
c. Identify the following locations:

i. High-risk wards
ii. Wards with a high incidence of healthcare facility-onset

CDI. Determine whether healthcare facility–onset CDI
cases are sporadic or occur repeatedly in the same
room(s).165

1. If sporadic, this suggests patient-to-patient transmis-
sion from HCP or traveling fomites.

2. If repeatedly occurring in the same room, this suggests
transmission from contaminated environment.

d. Initiate the prevention program in which there is a high con-
centration of patients at risk for CDI, such as an ICU or an
oncology ward. Pilot test the intervention in 1 patient care
location to assess efficacy.

e. Identify opportunities to improve the following elements:
i. The system for identifying patients with CDI.
ii. The process for placing patients with CDI in contact pre-

caution rooms that minimizes problems for family
members, visitors, and HCP.

iii. Compliance with hand hygiene, contact precautions,
and environmental cleaning.

f. Standardize care processes and practices using bundles,
checklists, protocols, and guidelines.125,127

g. Empower staff to report process defects to appropriate HCP
as a means of identifying barriers and facilitating rapid
intervention.

h. Obtain support of the hospital administration and local
physician and nursing leadership prior to starting the
program.

i. Assign accountability for adherence to specific departments
or functions.127

j. Create redundancy in the system by incorporating use of vis-
ual cues as reminders and assistance to recall:
i. Indicators in the electronic health record that the patient
is in contact precautions,

ii. Paper medical records
iii. Signage on the door to the patient room

k. Replicate the CDI infection prevention and control program
in other patient care areas when it is determined that the sys-
tems developed are effective.

Evaluation

1. Conduct performance monitoring to determine whether the
intervention is effective by using the following:
a. Process measures (ie, did you successfully implement your

intervention?)
b. Outcomemeasures (ie, howwell did the intervention achieve

the desired outcome?)
2. Measure both process and outcomes on a regular basis.
3. Provide feedback to staff.
4. Provide monitoring data in various formats so it can be posted

and broadly distributed.

5. Incorporate monitoring data into unit-based and department-
based measurements so trending over time can be
evaluated.125,127

6. Provide feedback to all levels of personnel regarding process
and outcomes, eg, via committee reports and facility
newsletters.

7. Format feedback so respective patient-care areas and individual
departments can use data for comparative and goal-setting
purposes.

8. Use feedback to determine specific interventions or improve-
ments for targeted focus.161

Acknowledgments. The findings and conclusions in this report are those of
the authors and do not necessarily represent the official position of the CDC or
the US Department of Veterans’ Affairs.

Financial support. No financial support was provided relevant to this article.

Conflicts of interest. The following disclosures reflect what has been reported
to SHEA. To provide thorough transparency, SHEA requires full disclosure of
all relationships, regardless of relevancy to the topic. Such relationships as
potential conflicts of interest are evaluated in a review process that includes
assessment by the SHEA Conflict of Interest Committee and may include
the Board of Trustees and Editor of Infection Control and Hospital
Epidemiology. The assessment of disclosed relationships for possible conflicts
of interest has been based on the relative weight of the financial relationship
(ie, monetary amount) and the relevance of the relationship (ie, the degree
to which an association might reasonably be interpreted by an independent
observer as related to the topic or recommendation of consideration).

The following associations have been disclosed by the authors: L.K.K. reports
a research grant from Merck; R.C. reports an advisory role with Moderna,
Novavax, and Pfizer (consultant, speakers bureau, research contract), and
Sanofi (speakers bureau). C.J.D. reports a research grant from Clorox and
Ecolab. G.D. reports a research grant from Pfizer. V.G.L. reports a consultant role
with Ferring; DJW reported an advisory role for Merck, Pfizer, PDI, Wellair,
GAMA, and Germitec, and serving as a data safety monitoring board member
at GSK. E.R.D. reports an advisory role with Merck, Pfizer, Seres, Ferring,
Abbott, Summit, GSK, and research grants from Pfizer, Theriva Biologics, and
Ferring. All other authors report no conflicts of interest related to this article.

References

1. Dubberke ER, Carling P, Carrico R, et al. Strategies to prevent Clostridium
difficile infections in acute-care hospitals: 2014 update. Infect Control
Hosp Epidemiol 2014;35 suppl 2:S48–S65.

2. The Society for Healthcare Epidemiology of America (SHEA) Handbook
for SHEA-Sponsored Guidelines and Expert GuidanceDocuments. SHEA
website. https://shea-online.org/wp-content/uploads/2022/02/2022-
Handbook-Update-Approved-Posted.pdf. Accessed August 2021.

3. Magill SS, Edwards JR, BambergW, et al.Multistate point-prevalence sur-
vey of healthcare-associated infections.NEngl JMed 2014;370:1198–1208.

4. Magill SS, O’Leary E, Janelle SJ, et al.Changes in prevalence of healthcare-
associated infections in US hospitals. N Engl J Med 2018;379:1732–1744.

5. Antibiotic resistance threats in the United States, 2019. Centers for
Disease Control and Prevention website. https://www.cdc.gov/
drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf.
Accessed February 20, 2023.

6. Lessa FC,MuY, BambergWM, et al.Burden of Clostridiumdifficile infec-
tion in the United States. N Engl J Med 2015;372:825–834.

7. Lucado J, Gould C, Elixhauser A. Clostridium difficile infections (CDI) in
hospital stays, 2009. Statistical brief no. 124. In: Healthcare Cost and
Utilization Project (HCUP) Statistical Briefs. Rockville, MD: US
Agency for Healthcare Research and Quality; 2006.

8. Clostridioides difficile infection (CDI) tracking. Centers for Disease
Control and Prevention website. https://www.cdc.gov/hai/eip/cdiff-
tracking.html. Accessed February 20, 2023.

544 Larry K. Kociolek et al

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://shea-online.org/wp-content/uploads/2022/02/2022-Handbook-Update-Approved-Posted.pdf
https://shea-online.org/wp-content/uploads/2022/02/2022-Handbook-Update-Approved-Posted.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/drugresistance/pdf/threats-report/2019-ar-threats-report-508.pdf
https://www.cdc.gov/hai/eip/cdiff-tracking.html
https://www.cdc.gov/hai/eip/cdiff-tracking.html
https://doi.org/10.1017/ice.2023.18


9. Dubberke ER, Reske KA, Yan Y, Olsen MA, McDonald LC, Fraser VJ.
Clostridium difficile–associated disease in a setting of endemicity: identi-
fication of novel risk factors. Clin Infect Dis 2007;45:1543–1549.

10. Dubberke ER, Butler AM, Yokoe DS, et al. Multicenter study of
Clostridium difficile infection rates from 2000 to 2006. Infect Control
Hosp Epidemiol 2010;31:103–107.

11. Weiner-Lastinger LM, Pattabiraman V, Konnor RY, et al. The impact of
coronavirus disease 2019 (COVID-19) on healthcare-associated infec-
tions in 2020: a summary of data reported to the National Healthcare
Safety Network. Infect Control Hosp Epidemiol 2022;43:12–25.

12. Lastinger LM, Alvarez CR, Kofman A, et al. Continued increases in HAI
incidence during the second year of the COVID-19 pandemic. Infect
Control Hosp Epidemiol 2022.

13. Loo VG, Poirier L, MillerMA, et al.A predominantly clonal multi-institu-
tional outbreak of Clostridium difficile–associated diarrhea with high
morbidity and mortality. N Engl J Med 2005;353:2442–2449.

14. Miller M, Gravel D, Mulvey M, et al. Healthcare-associated Clostridium
difficile infection in Canada: patient age and infecting strain type are
highly predictive of severe outcome and mortality. Clin Infect Dis
2010;50:194–201.

15. Kim J, Shaklee JF, Smathers S, et al. Risk factors and outcomes associated
with severe Clostridium difficile infection in children. Pediatr Infect Dis
2012;31:134–138.

16. Kuijper EJ, Barbut F, Brazier JS, et al.Update of Clostridium difficile infec-
tion due to PCR ribotype 027 in Europe, 2008. Euro Surveill
2008;13:18942.

17. McDonald LC, Killgore GE, Thompson A, et al. An epidemic, toxin-gene
variant strain of Clostridium difficile. N Engl J Med 2005;353:2433–2441.

18. Bauer MP, Notermans DW, van Benthem BH, et al. Clostridium difficile
infection in Europe: a hospital-based survey. Lancet 2011;377:63–73.

19. Dubberke ER, Butler AM, Reske KA, et al. Attributable outcomes of
endemic Clostridium difficile–associated disease in nonsurgical patients.
Emerg Infect Dis 2008;14:1031–1038.

20. Dubberke ER, OlsenMA. Burden ofClostridium difficile on the healthcare
system. Clin Infect Dis 2012;55 suppl 2:S88–S92.

21. Hall AJ, Curns AT,McDonald LC, ParasharUD, LopmanBA. The roles of
Clostridium difficile and norovirus among gastroenteritis-associated
deaths in the United States, 1999–2007. Clin Infect Dis 2012;55:216–223.

22. Sammons JS, Localio R, Xiao R, Coffin SE, Zaoutis T. Clostridium difficile
infection is associated with increased risk of death and prolonged hospi-
talization in children. Clin Infect Dis 2013;57:1–8.

23. Mehrotra P, Jang J, Gidengil C, Sandora TJ. Attributable cost of
Clostridium difficile infection in pediatric patients. Infect Control Hosp
Epidemiol 2017;38:1472–1477.

24. Fekety R, McFarland LV, Surawicz CM, Greenberg RN, Elmer GW,
Mulligan ME. Recurrent Clostridium difficile diarrhea: characteristics of
and risk factors for patients enrolled in a prospective, randomized, dou-
ble-blinded trial. Clin Infect Dis 1997;24:324–333.

25. McFarland LV, Surawicz CM, Rubin M, Fekety R, Elmer GW, Greenberg
RN. Recurrent Clostridium difficile disease: epidemiology and clinical
characteristics. Infect Control Hosp Epidemiol 1999;20:43–50.

26. Kwon JH, Olsen MA, Dubberke ER. The morbidity, mortality, and costs
associated with Clostridium difficile infection. Infect Dis Clin N Am
2015;29:123–134.

27. Zhang S, Palazuelos-Munoz S, Balsells EM, Nair H, Chit A, Kyaw MH.
Cost of hospital management of Clostridium difficile infection in
United States—a meta-analysis and modelling study. BMC Infect Dis
2016;16:447.

28. Hensgens MP, Goorhuis A, Dekkers OM, Kuijper EJ. Time interval of
increased risk for Clostridium difficile infection after exposure to antibi-
otics. J Antimicrob Chemother 2012;67:742–748.

29. Pépin J, SahebN, CoulombeMA, et al. Emergence of fluoroquinolones as the
predominant risk factor forClostridiumdifficile–associated diarrhea: a cohort
study during an epidemic in Quebec. Clin Infect Dis 2005;41:1254–1260.

30. Johnson S, SamoreMH, FarrowKA, et al. Epidemics of diarrhea caused by
a clindamycin-resistant strain of Clostridium difficile in four hospitals. N
Engl J Med 1999;341:1645–1651.

31. Loo VG, Bourgault AM, Poirier L, et al. Host and pathogen factors for
Clostridium difficile infection and colonization. N Engl J Med
2011;365:1693–1703.

32. D’Silva KM, Mehta R, Mitchell M, et al. Proton pump inhibitor use and
risk for recurrent Clostridioides difficile infection: a systematic review and
meta-analysis. Clin Microbiol Infect 2021.

33. Nylund CM, Eide M, Gorman GH. Association of Clostridium difficile
infections with acid suppression medications in children. J Pediatr
2014;165:979–84.e1.

34. McDonald LC, Gerding DN, Johnson S, et al. Clinical practice guidelines
for Clostridium difficile infection in adults and children: 2017 update by
the Infectious Diseases Society of America (IDSA) and Society for
Healthcare Epidemiology of America (SHEA). Clin Infect Dis 2018;66:
e1–e48.

35. Sandora TJ, Fung M, Flaherty K, et al. Epidemiology and risk factors for
Clostridium difficile infection in children. Pediatr Infect Dis J 2011;30:580–
584.

36. Lewis AM, Gammon J, Hosein I. The pros and cons of isolation and con-
tainment. J Hosp Infect 1999;43:19–23.

37. Boyce JM, Pittet D, Committee HICPA, Force HSAIHHT. Guideline for
hand hygiene in health-care settings. Recommendations of the Healthcare
Infection Control Practices Advisory Committee and the HICPAC/
SHEA/APIC/IDSA hand hygiene task force. MMWR Recomm Rep
2002;51:1–45.

38. Jabbar U, Leischner J, Kasper D, et al. Effectiveness of alcohol-based hand
rubs for removal of Clostridium difficile spores from hands. Infect Control
Hosp Epidemiol 2010;31:565–570.

39. OughtonMT, Loo VG, Dendukuri N, Fenn S, LibmanMD. Hand hygiene
with soap and water is superior to alcohol rub and antiseptic wipes for
removal of Clostridium difficile. Infect Control Hosp Epidemiol
2009;30:939–944.

40. Edmonds SL, Zapka C, Kasper D, et al. Effectiveness of hand hygiene for
removal of Clostridium difficile spores from hands. Infect Control Hosp
Epidemiol 2013;34:302–305.

41. Boyce JM, Havill NL, Dumigan DG, Golebiewski M, Balogun O, Rizvani
R. Monitoring the effectiveness of hospital cleaning practices by use of an
adenosine triphosphate bioluminescence assay. Infect Control Hosp
Epidemiol 2009;30:678–684.

42. Sitzlar B, Deshpande A, Fertelli D, Kundrapu S, Sethi AK, Donskey CJ. An
environmental disinfection odyssey: evaluation of sequential interven-
tions to improve disinfection of Clostridium difficile isolation rooms.
Infect Control Hosp Epidemiol 2013;34:459–465.

43. Leibowitz J, Soma VL, Rosen L, Ginocchio CC, Rubin LG. Similar propor-
tions of stool specimens from hospitalized children with and without
diarrhea test positive for Clostridium difficile. Pediatr Infect Dis J
2015;34:261–266.

44. Zacharioudakis IM, Zervou FN, Pliakos EE, Ziakas PD, Mylonakis E.
Colonization with toxinogenic C. difficile upon hospital admission, and
risk of infection: a systematic review and meta-analysis. Am J
Gastroenterol 2015;110:381–390.

45. Mawer DPC, Eyre DW, Griffiths D, et al. Contribution to Clostridium dif-
ficile transmission of symptomatic patients with toxigenic strains who are
fecal-toxin negative. Clin Infect Dis 2017;64:1163–1170.

46. Curry SR,Muto CA, Schlackman JL, et al.Use ofmultilocus variable num-
ber of tandem repeats analysis genotyping to determine the role of asymp-
tomatic carriers in Clostridium difficile transmission. Clin Infect Dis
2013;57:1094–1102.

47. Kong LY, Eyre DW, Corbeil J, et al. Clostridium difficile: investigating
transmission patterns between infected and colonized patients using
whole-genome sequencing. Clin Infect Dis 2019;68:204–209.

48. Eyre DW, Cule ML, Wilson DJ, et al. Diverse sources of C. difficile infec-
tion identified on whole-genome sequencing. N Engl J Med 2013;
369:1195–1205.

49. Kociolek LK, Gerding DN, Espinosa RO, Patel SJ, Shulman ST, Ozer EA.
Clostridium difficile whole-genome sequencing reveals limited transmis-
sion among symptomatic children: a single-center analysis. Clin Infect Dis
2018.

Infection Control & Hospital Epidemiology 545

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://doi.org/10.1017/ice.2023.18


50. Kuijper EJ, Coignard B, Tüll P, et al. Emergence of Clostridium difficile–
associated disease in North America and Europe. Clin Microbiol Infect
2006;12 suppl 6:2–18.

51. McDonald LC, Coignard B, Dubberke E, et al. Recommendations for sur-
veillance of Clostridium difficile–associated disease. Infect Control Hosp
Epidemiol 2007;28:140–145.

52. van Prehn J, Reigadas E, Vogelzang EH, et al. European Society of Clinical
Microbiology and Infectious Diseases: 2021 update on the treatment guid-
ance document for Clostridioides difficile infection in adults. Clin
Microbiol Infect 2021;27 suppl 2:S1–S21.

53. Dubberke ER, Han Z, Bobo L, et al. Impact of clinical symptoms on inter-
pretation of diagnostic assays for Clostridium difficile infections. J Clin
Microbiol 2011;49:2887–2893.

54. Pépin J, Valiquette L, Cossette B. Mortality attributable to nosocomial
Clostridium difficile–associated disease during an epidemic caused by a
hypervirulent strain in Quebec. CMAJ 2005;173:1037–1042.

55. Dubberke ER, Butler AM, Hota B, et al.Multicenter study of the impact of
community-onset Clostridium difficile infection on surveillance for C. dif-
ficile infection. Infect Control Hosp Epidemiol 2009;30:518–525.

56. National Healthcare Safety Network. Multidrug-resistant organism &
Clostridioides difficile infection (MDRO/CDI) module. Centers for
Disease Control and Prevention website. https://www.cdc.gov/nhsn/pdfs/
pscmanual/12pscmdro_cdadcurrent.pdf. Accessed February 20, 2023.

57. Longtin Y, Trottier S, Brochu G, et al. Impact of the type of diagnostic
assay on Clostridium difficile infection and complication rates in a man-
datory reporting program. Clin Infect Dis 2013;56:67–73.

58. Planche TD, Davies KA, Coen PG, et al.Differences in outcome according
to Clostridium difficile testing method: a prospective multicentre
diagnostic validation study of C difficile infection. Lancet Infect Dis
2013;13:936–945.

59. Dubberke ER, Nyazee HA, Yokoe DS, et al. Implementing automated sur-
veillance for tracking Clostridium difficile infection at multiple healthcare
facilities. Infect Control Hosp Epidemiol 2012;33:305–308.

60. Gase KA, Haley VB, Xiong K, Van Antwerpen C, Stricof RL. Comparison
of 2 Clostridium difficile surveillance methods: National Healthcare Safety
Network’s laboratory-identified event reporting module versus clinical
infection surveillance. Infect Control Hosp Epidemiol 2013;34:284–290.

61. Dubberke ER, Reske KA, McDonald LC, Fraser VJ. ICD-9 codes and sur-
veillance for Clostridium difficile–associated disease. Emerg Infect Dis
2006;12:1576–1579.

62. Polage CR, Gyorke CE, Kennedy MA, et al. Overdiagnosis of Clostridium
difficile infection in the molecular test era. JAMA Intern Med 2015;175:
1792–1801.

63. Planche TD, Davies KA, Coen PG, et al.Differences in outcome according
to Clostridium difficile testing method: a prospective multicentre
diagnostic validation study of C. difficile infection. Lancet Infect Dis
2013;13:936–945.

64. Kociolek LK. Strategies for optimizing the diagnostic predictive value
of Clostridium difficile molecular diagnostics. J Clin Microbiol 2017;
55:1244–1248.

65. Angulo F, Pena S, Carrico R, et al. Frequency of testing for Clostridioides
difficile in adults hospitalized with diarrhea in Louisville, Kentucky. Infect
Control Hosp Epidemiol 2020;41:S444.

66. Yen C, Holtom P, Butler-Wu SM, Wald-Dickler N, Shulman I, Spellberg
B. Reducing Clostridium difficile colitis rates via cost-saving diagnostic
stewardship. Infect Control Hosp Epidemiol 2018;39:734–736.

67. Kociolek LK, Bovee M, Carter D, et al. Impact of a healthcare provider
educational intervention on frequency of Clostridium difficile polymerase
chain reaction testing in children: a segmented regression analysis. J
Pediatric Infect Dis Soc 2017;6:142–148.

68. Kang M, Abeles SR, El-Kareh R, et al. The effect of Clostridioides difficile
diagnostic stewardship interventions on the diagnosis of hospital-onset
Clostridioides difficile infections. Jt Comm J Qual Patient Saf
2020;46:457–463.

69. Lenz A, Davis G, Asmar H, Nahapetian A, Dingilian J, Nathan RV. Using
a nurse-initiated bedside tool to decrease inappropriate testing for
Clostridioides difficile in hospital settings. J Infect Prev 2021;22:136–139.

70. Christensen AB, Barr VO, Martin DW, et al.Diagnostic stewardship of C.
difficile testing: a quasi-experimental antimicrobial stewardship study.
Infect Control Hosp Epidemiol 2019;40:269–275.

71. Nicholson MR, Freswick PN, Di Pentima MC, et al. The use of a comput-
erized provider order entry alert to decrease rates of Clostridium difficile
testing in young pediatric patients. Infect Control Hosp Epidemiol
2017;38:542–546.

72. Quan KA, Yim J, Merrill D, et al. Reductions in Clostridium difficile infec-
tion (CDI) rates using real-time automated clinical criteria verification
to enforce appropriate testing. Infect Control Hosp Epidemiol 2018;39:
625–627.

73. Truong CY, Gombar S, Wilson R, et al. Real-time electronic tracking of
diarrheal episodes and laxative therapy enables verification of Clostridium
difficile clinical testing criteria and reduction of Clostridium difficile infec-
tion rates. J Clin Microbiol 2017;55:1276–1284.

74. Kelly CR, Fischer M, Allegretti JR, et al. ACG clinical guidelines: preven-
tion, diagnosis, and treatment of Clostridioides difficile infections. Am J
Gastroenterol 2021;116:1124–1147.

75. Johnson S, Lavergne V, Skinner AM, et al. Clinical practice guideline by
the Infectious Diseases Society of America (IDSA) and Society for
Healthcare Epidemiology of America (SHEA): 2021 focused update
guidelines on management of Clostridioides difficile infection in adults.
Clin Infect Dis 2021;73:e1029–e1044.

76. Harris AD, Bradham DD, Baumgarten M, Zuckerman IH, Fink JC,
Perencevich EN. The use and interpretation of quasi-experimental studies
in infectious diseases. Clin Infect Dis 2004;38:1586–1591.

77. Stone SP, Cooper BS, Kibbler CC, et al. The ORION statement: guidelines
for transparent reporting of outbreak reports and intervention studies of
nosocomial infection. Lancet Infect Dis 2007;7:282–288.

78. Guerrero DM, Nerandzic MM, Jury LA, Jinno S, Chang S, Donskey CJ.
Acquisition of spores on gloved hands after contact with the skin of
patients with Clostridium difficile infection and with environmental sur-
faces in their rooms. Am J Infect Control 2012;40:556–558.

79. McFarland LV, MulliganME, Kwok RY, StammWE. Nosocomial acquis-
ition of Clostridium difficile infection. N Engl J Med 1989;320:204–210.

80. Stiefel U, Cadnum JL, Eckstein BC, Guerrero DM, TimaMA, Donskey CJ.
Contamination of hands withmethicillin-resistant Staphylococcus aureus
after contact with environmental surfaces and after contact with the skin
of colonized patients. Infect Control Hosp Epidemiol 2011;32:185–187.

81. Hayden MK, BlomDW, Lyle EA, Moore CG,Weinstein RA. Risk of hand
or glove contamination after contact with patients colonized with vanco-
mycin-resistant enterococcus or the colonized patients’ environment.
Infect Control Hosp Epidemiol 2008;29:149–154.

82. Boyce JM, Ligi C, Kohan C, Dumigan D, Havill NL. Lack of association
between the increased incidence ofClostridium difficile–associated disease
and the increasing use of alcohol-based hand rubs. Infect Control Hosp
Epidemiol 2006;27:479–483.

83. Gopal Rao G, Jeanes A, Osman M, Aylott C, Green J. Marketing hand
hygiene in hospitals—a case study. J Hosp Infect 2002;50:42–47.

84. Gordin FM, Schultz ME, Huber RA, Gill JA. Reduction in nosocomial
transmission of drug-resistant bacteria after introduction of an alcohol-
based handrub. Infect Control Hosp Epidemiol 2005;26:650–653.

85. Kaier K, Hagist C, Frank U, Conrad A, Meyer E. Two time-series analyses
of the impact of antibiotic consumption and alcohol-based hand disinfec-
tion on the incidences of nosocomial methicillin-resistant Staphylococcus
aureus infection and Clostridium difficile infection. Infect Control Hosp
Epidemiol 2009;30:346–353.

86. Knight N, Strait T, Anthony N, et al. Clostridium difficile colitis: a retro-
spective study of incidence and severity before and after institution of an
alcohol-based hand rub policy. Am J Infect Control 2010;38:523–528.

87. Rupp ME, Fitzgerald T, Puumala S, et al. Prospective, controlled, cross-
over trial of alcohol-based hand gel in critical care units. Infect Control
Hosp Epidemiol 2008;29:8–15.

88. Vernaz N, Sax H, Pittet D, Bonnabry P, Schrenzel J, Harbarth S. Temporal
effects of antibiotic use and hand rub consumption on the incidence
of MRSA and Clostridium difficile. J Antimicrob Chemother 2008;62:
601–607.

546 Larry K. Kociolek et al

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://www.cdc.gov/nhsn/pdfs/pscmanual/12pscmdro_cdadcurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/12pscmdro_cdadcurrent.pdf
https://doi.org/10.1017/ice.2023.18


89. Boyce JM, Havill NL, Otter JA, et al. Impact of hydrogen peroxide vapor
room decontamination on Clostridium difficile environmental contami-
nation and transmission in a healthcare setting. Infect Control Hosp
Epidemiol 2008;29:723–729.

90. Mayfield JL, Leet T,Miller J, Mundy LM. Environmental control to reduce
transmission of Clostridium difficile. Clin Infect Dis 2000;31:995–1000.

91. WilcoxMH, FawleyWN,WigglesworthN, Parnell P, Verity P, Freeman J.
Comparison of the effect of detergent versus hypochlorite cleaning on
environmental contamination and incidence ofClostridium difficile infec-
tion. J Hosp Infect 2003;54:109–114.

92. Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an antibiotic
stewardship program: guidelines by the Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America. Clin
Infect Dis 2016;62:e51–e77.

93. Clabots CR, Johnson S, Olson MM, Peterson LR, Gerding DN.
Acquisition of Clostridium difficile by hospitalized patients: evidence
for colonized new admissions as a source of infection. J Infect Dis
1992;166:561–567.

94. Loo VG, Bourgault AM, Poirier L, et al. Host and pathogen factors for
Clostridium difficile infection and colonization. N Engl J Med 2011;
365:1693–1703.

95. Fowler S, Webber A, Cooper BS, et al. Successful use of feedback to
improve antibiotic prescribing and reduce Clostridium difficile infection:
a controlled interrupted time series. J Antimicrob Chemother
2007;59:990–995.

96. Valiquette L, Cossette B, Garant MP, Diab H, Pépin J. Impact of a reduc-
tion in the use of high-risk antibiotics on the course of an epidemic of
Clostridium difficile–associated disease caused by the hypervirulent
NAP1/027 strain. Clin Infect Dis 2007;45 suppl 2:S112–S121.

97. AldeyabMA, KearneyMP, Scott MG, et al.An evaluation of the impact of
antibiotic stewardship on reducing the use of high-risk antibiotics and its
effect on the incidence of Clostridium difficile infection in hospital set-
tings. J Antimicrob Chemother 2012;67:2988–2996.

98. Talpaert MJ, Gopal Rao G, Cooper BS, Wade P. Impact of guidelines and
enhanced antibiotic stewardship on reducing broad-spectrum antibiotic
usage and its effect on incidence of Clostridium difficile infection.
J Antimicrob Chemother 2011;66:2168–2174.

99. Baur D, Gladstone BP, Burkert F, et al. Effect of antibiotic stewardship on
the incidence of infection and colonisation with antibiotic-resistant
bacteria and Clostridium difficile infection: a systematic review and
meta-analysis. Lancet Infect Dis 2017;17:990–1001.

100. Feazel LM,MalhotraA, Perencevich EN, Kaboli P, DiekemaDJ, Schweizer
ML. Effect of antibiotic stewardship programmes on Clostridium difficile
incidence: a systematic review andmeta-analysis. J Antimicrob Chemother
2014;69:1748–1754.

101. Doernberg SB, Winston LG, Deck DH, Chambers HF. Does doxycycline
protect against development of Clostridium difficile infection? Clin Infect
Dis 2012;55:615–620.

102. Wenisch JM, Equiluz-Bruck S, Fudel M, et al.Decreasing Clostridium dif-
ficile infections by an antimicrobial stewardship program that reduces
moxifloxacin use. Antimicrob Agents Chemother 2014;58:5079–5083.

103. Shea KM, Hobbs ALV, Jaso TC, et al. Effect of a healthcare-system res-
piratory fluoroquinolone restriction program to alter utilization and
impact rates of Clostridium difficile infection. Antimicrob Agents
Chemother 2017. doi: 10.1128/aac.00125-17.

104. Marufu O, Desai N, Aldred D, Brown T, Eltringham I. Analysis of inter-
ventions to reduce the incidence of Clostridium difficile infection at a
London teaching hospital trust, 2003–2011. J Hosp Infect 2015;89:38–45.

105. Dancer SJ, Kirkpatrick P, Corcoran DS, Christison F, Farmer D,
Robertson C. Approaching zero: temporal effects of a restrictive antibiotic
policy on hospital-acquired Clostridium difficile, extended-spectrum β-
lactamase–producing coliforms and meticillin-resistant Staphylococcus
aureus. Int J Antimicrob Agents 2013;41:137–142.

106. Kallen AJ, Thompson A, Ristaino P, et al. Complete restriction of fluoro-
quinolone use to control an outbreak of Clostridium difficile infection at a
community hospital. Infect Control Hosp Epidemiol 2009;30:264–272.

107. McNulty C, Logan M, Donald IP, et al. Successful control of Clostridium
difficile infection in an elderly care unit through use of a restrictive anti-
biotic policy. J Antimicrob Chemother 1997;40:707–711.

108. Pear SM,Williamson TH, Bettin KM, Gerding DN, Galgiani JN. Decrease
in nosocomial Clostridium difficile–associated diarrhea by restricting clin-
damycin use. Ann Intern Med 1994;120:272–277.

109. Redmond SN, Silva SY, Wilson BM, Cadnum JL, Donskey CJ. Impact of
reduced fluoroquinolone use on Clostridioides difficile infections resulting
from the fluoroquinolone-resistant ribotype 027 strain in a Veterans’
Affairs Medical Center. Pathog Immun 2019;4:251–259.

110. Abad CL, Barker AK, Safdar N. A systematic review of the effectiveness of
cohorting to reduce transmission of healthcare-associated C. difficile and
multidrug-resistant organisms. Infect Control Hosp Epidemiol 2020;41:
691–709.

111. Shaughnessy MK, Micielli RL, DePestel DD, et al. Evaluation of hospital
room assignment and acquisition of Clostridium difficile infection. Infect
Control Hosp Epidemiol 2011;32:201–206.

112. Chang VT, Nelson K. The role of physical proximity in nosocomial diar-
rhea. Clin Infect Dis 2000;31:717–722.

113. Samore MH, Venkataraman L, DeGirolami PC, Arbeit RD, Karchmer
AW. Clinical and molecular epidemiology of sporadic and clustered cases
of nosocomial Clostridium difficile diarrhea. Am J Med 1996;100:32–40.

114. Strategies to prevent Clostridioides difficile infection in acute-care facili-
ties. Centers for Disease Control and Prevention website. https://www.
cdc.gov/cdiff/clinicians/cdi-prevention-strategies.html. Accessed June
18, 2022.

115. Sethi AK, Al-Nassir WN, Nerandzic MM, Bobulsky GS, Donskey CJ.
Persistence of skin contamination and environmental shedding of
Clostridium difficile during and after treatment of C. difficile infection.
Infect Control Hosp Epidemiol 2010;31:21–27.

116. Cohen SH, Gerding DN, Johnson S, et al. Clinical practice guidelines for
Clostridium difficile infection in adults: 2010 update by the Society for
Healthcare Epidemiology of America (SHEA) and the Infectious
Diseases Society of America (IDSA). Infect Control Hosp Epidemiol
2010;31:431–455.

117. Dubberke ER, Reske KA, Noble-Wang J, et al. Prevalence of Clostridium
difficile environmental contamination and strain variability in multiple
healthcare facilities. Am J Infect Control 2007;35:315–318.

118. Dumford DM, Nerandzic MM, Eckstein BC, Donskey CJ. What is on that
keyboard? Detecting hidden environmental reservoirs of Clostridium dif-
ficile during an outbreak associated with North American pulsed-field gel
electrophoresis type 1 strains. Am J Infect Control 2009;37:15–19.

119. EPA’s registered antimicrobial products effective against Clostridium
difficile spores. US Environmental Protection Agency website. https://
www.epa.gov/sites/default/files/2017-01/documents/20172701.listk_.pdf.
Accessed June 12, 2022.

120. Options for evaluating environmental cleaning. Centers for Disease
Control and Prevention website. https://www.cdc.gov/HAI/toolkits/
Evaluating-Environmental-Cleaning.html. Accessed February 20, 2023.

121. Carling PC, Parry MF, Von Beheren SM, Group HEHS. Identifying
opportunities to enhance environmental cleaning in 23 acute-care hospi-
tals. Infect Control Hosp Epidemiol 2008;29:1–7.

122. WilcoxMH, FawleyWN, Parnell P. Value of lysozyme agar incorporation
and alkaline thioglycollate exposure for the environmental recovery of
Clostridium difficile. J Hosp Infect 2000;44:65–69.

123. Sickbert-Bennett EE, Weber DJ, Gergen-Teague MF, Sobsey MD, Samsa
GP, Rutala WA. Comparative efficacy of hand hygiene agents in the
reduction of bacteria and viruses. Am J Infect Control 2005;33:67–77.

124. Litvin M, Reske KA, Mayfield J, et al. Identification of a pseudo-outbreak
of Clostridium difficile infection (CDI) and the effect of repeated testing,
sensitivity, and specificity on perceived prevalence of CDI. Infect Control
Hosp Epidemiol 2009;30:1166–1171.

125. Abbett SK, Yokoe DS, Lipsitz SR, et al. Proposed checklist of hospital
interventions to decrease the incidence of healthcare-associated
Clostridium difficile infection. Infect Control Hosp Epidemiol 2009;30:
1062–1069.

Infection Control & Hospital Epidemiology 547

https://doi.org/10.1017/ice.2023.18 Published online by Cambridge University Press

https://www.cdc.gov/cdiff/clinicians/cdi-prevention-strategies.html
https://www.cdc.gov/cdiff/clinicians/cdi-prevention-strategies.html
https://www.epa.gov/sites/default/files/2017-01/documents/20172701.listk_.pdf
https://www.epa.gov/sites/default/files/2017-01/documents/20172701.listk_.pdf
https://www.cdc.gov/HAI/toolkits/Evaluating-Environmental-Cleaning.html
https://www.cdc.gov/HAI/toolkits/Evaluating-Environmental-Cleaning.html
https://doi.org/10.1017/ice.2023.18


126. McMullen KM, Zack J, Coopersmith CM, Kollef M, Dubberke E, Warren
DK. Use of hypochlorite solution to decrease rates of Clostridium
difficile–associated diarrhea. Infect Control Hosp Epidemiol 2007;28:
205–207.

127. Mermel LA, Jefferson J, Blanchard K, et al. Reducing Clostridium difficile
incidence, colectomies, and mortality in the hospital setting: a successful
multidisciplinary approach. Jt Comm J Qual Patient Saf 2013;39:298–305.

128. Orenstein R, Aronhalt KC, McManus JE, Fedraw LA. A targeted strategy
to wipe out Clostridium difficile. Infect Control Hosp Epidemiol 2011;32:
1137–1139.

129. Kundrapu S, Sunkesula V, Jury LA, Sitzlar BM, Donskey CJ. Daily disin-
fection of high-touch surfaces in isolation rooms to reduce contamination
of healthcare workers’ hands. Infect Control Hosp Epidemiol 2012;33:
1039–1042.

130. Rutala WA, Cole EC, Thomann CA, Weber DJ. Stability and bactericidal
activity of chlorine solutions. Infect Control Hosp Epidemiol 1998;19:
323–327.

131. Longtin Y, Paquet-Bolduc B, Gilca R, et al. Effect of detecting and isolating
Clostridium difficile carriers at hospital admission on the incidence of
C. difficile infections: a quasi-experimental controlled study. JAMA
Intern Med 2016;176:796–804.

132. Linsenmeyer K, O’BrienW, Brecher SM, et al. Clostridium difficile screen-
ing for colonization during an outbreak setting. Clin Infect Dis 2018;67:
1912–1914.

133. Peterson LR, O’Grady S, Keegan M, et al. Reduced Clostridioides difficile
infection in a pragmatic stepped-wedge initiative using admission surveil-
lance to detect colonization. PloS One 2020;15:e0230475.

134. MorganDJ, Dubberke ER, Hink T, et al.The impact of universal glove and
gown use on Clostridioides difficile acquisition, a cluster randomized trial.
Clin Infect Dis 2022.

135. Xiao Y, Paquet-Bolduc B, Garenc C, et al. Impact of isolating Clostridium
difficile carriers on the burden of isolation precautions: a time series analy-
sis. Clin Infect Dis 2018;66:1377–1382.

136. McFarland LV, Elmer GW, Surawicz CM. Breaking the cycle: treatment
strategies for 163 cases of recurrent Clostridium difficile disease. Am J
Gastroenterol 2002;97:1769–1775.

137. Barbut F, Menuet D, VerachtenM, Girou E. Comparison of the efficacy of
a hydrogen peroxide dry-mist disinfection system and sodium hypochlo-
rite solution for eradication of Clostridium difficile spores. Infect Control
Hosp Epidemiol 2009;30:507–514.

138. Schoyer E, Hall K. Environmental cleaning and decontamination to pre-
vent Clostridioides difficile infection in healthcare settings: a systematic
review. J Patient Saf 2020;16:S12–S15.

139. Anderson DJ, Chen LF, Weber DJ, et al. Enhanced terminal room disin-
fection and acquisition and infection caused by multidrug-resistant
organisms and Clostridium difficile (the Benefits of Enhanced Terminal
Room Disinfection study): a cluster-randomised, multicentre, crossover
study. Lancet 2017;389:805–814.

140. Anderson DJ, Moehring RW, Weber DJ, et al. Effectiveness of targeted
enhanced terminal room disinfection on hospital-wide acquisition and
infection with multidrug-resistant organisms and Clostridium difficile: a
secondary analysis of a multicentre cluster randomised controlled trial
with crossover design (BETR Disinfection). Lancet Infect Dis
2018;18:845–853.

141. Goldenberg JZ, Ma SS, Saxton JD, et al. Probiotics for the prevention of
Clostridium difficile–associated diarrhea in adults and children. Cochrane
Database Syst Rev 2013;5:CD006095.

142. Johnston BC, Ma SS, Goldenberg JZ, et al. Probiotics for the prevention of
Clostridium difficile–associated diarrhea: a systematic review and meta-
analysis. Ann Intern Med 2012;157:878–888.

143. Dubberke ER, Yan Y, Reske KA, et al. Development and validation of a
Clostridium difficile infection risk prediction model. Infect Control Hosp
Epidemiol 2011;32:360–366.

144. Gupta S, Herring T, Bodmer JL, et al.A large prospective North American
epidemiologic study of hospital-associated Clostridium difficile

colonization and infection. Presented at: International Clostridium diffi-
cile Symposium; 2012; Bled, Slovenia.

145. Allen SJ, WarehamK,Wang D, et al. Lactobacilli and bifidobacteria in the
prevention of antibiotic-associated diarrhoea and Clostridium
difficile diarrhoea in older inpatients (PLACIDE): a randomised, dou-
ble-blind, placebo-controlled, multicentre trial. Lancet 2013;382:
1249–1257.

146. Yelin I, Flett KB,Merakou C, et al.Genomic and epidemiological evidence
of bacterial transmission from probiotic capsule to blood in ICU patients.
Nat Med 2019;25:1728–1732.
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