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p u r p os e

intended use

This expert guidance document (EG) provides recommendations
regarding discontinuation of contact precautions (CP) at the
individual patient level in acute-care hospitals employing CP for
1 or more of the following organisms: methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci
(VRE), Clostridium difﬁcile, and multidrug-resistant Enterobacteriaceae (MDR-E), including carbapenem-resistant Enterobacteriaceae
(CRE) and extended-spectrum β-lactamase (ESBL)–producing
organisms. This document also provides a review of the role of
molecular testing in guiding decisions pertaining to duration of CP
for patients with these organisms. The guidance does not address
decisions regarding the initiation of CP for any speciﬁc organism.
Previously published guidelines describe components of CP
and identify situations in which CP should be used; currently,
however, few publications address the issue of how long CP
should be maintained. At the time of publication, decisions
related to implementation of CP for select, endemic organisms
are made by individual facilities based on factors such as institutional epidemiology, resources, organizational priorities, and
previously published guidance, and these vary widely. The SHEA
Guidelines Committee (GLC) selected this topic to address when
CP should be discontinued for individual patients in acute-care
settings that employ CP for the aforementioned organisms.
Although the organisms addressed are frequently encountered
in other settings (eg, nursing homes, long-term acute-care
facilities, rehabilitation centers, outpatient medical care settings),
additional considerations may affect the application of these
recommendations outside the acute-care hospital environment.

Special-topic EG documents are developed to address areas of
relatively narrow scope that lack the level of evidence required
for a formal guideline but are important for the provision of
safe and effective healthcare. As such, systematic grading of
evidence level is not provided for individual recommendations. Each EG is based on a synthesis of limited evidence,
theoretical rationale, current practices, practical considerations, the opinion of the writing group, and consideration of
potential harms where applicable. Within the EG, a summary
list of recommendations is provided, along with their respective rationales. We also conducted a survey of the SHEA
Research Network (SRN).
No EG can anticipate all situations and this EG is not meant
to be a substitute for individual judgment by qualiﬁed
professionals.

a u th o r s
The authors consist of current and past members of the SHEA
Guidelines Committee (GLC), who serve as volunteers. All authors
are involved at their respective institutions in the development
of policies pertaining to CP, either directly or in an advisory role.

methods
Expert Guidance Development
This EG follows the process outlined in the Handbook for
SHEA-Sponsored Guidelines and Expert Guidance Documents.10 The
topic of duration of CP was among those proposed and ranked
highest by the GLC. A manuscript proposal was approved by the
SHEA Publications Committee and the SHEA Board of Trustees.
We developed PICO-style (ie, population, intervention, control,
and outcomes) questions based on agreed-upon themes. These
questions were used to deﬁne the scope of the EG and the
development of search terms, which were voted on until unanimous approval was achieved. We identiﬁed the period during
which articles would be collected as January 1, 1990, to April 1,
2016. Only English-language articles were included. The lists of
articles generated by the searches were reviewed for inclusion by
a primary reviewer and a secondary reviewer. The EG was also
informed by a survey of the SHEA Research Network (SRN).
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Expert guidance development includes a formalized process for
reaching expert consensus. Recommendations are listed with
rationale statements. The consensus around each recommendation
was determined via an anonymous rating and comment period.
This EG was reviewed and approved by the SHEA Guidelines
Committee, the SHEA Publications Committee, and the SHEA
Board of Trustees. This EG was endorsed by the Association for
Professionals in Infection Control and Epidemiology (APIC),
the Society of Hospital Medicine (SHM), and the Association
of Medical Microbiology and Infectious Disease Canada
(AMMI Canada).
Multidrug-Resistant Enterobacteriaceae (MDR-E)
For purposes of this EG, we considered MDR-E to be
Enterobacteriaceae described as ESBL-producing (ESBL-E),
carbapenem-resistant (CRE), or MDR-E deﬁned by resistance
to multiple classes of antibiotics. This EG does not address
additional epidemiologically signiﬁcant multidrug-resistant
Gram-negative organisms such as Pseudomonas aeruginosa or
members of the Acinetobacter baumannii complex.
Microbiology and Testing
For this EG, we reviewed FDA-cleared microbiology tests. We
recognize that other tests, including laboratory developed tests,
are in use. These are not included. This document focused on
MRSA, VRE, and MDR-E. Molecular testing for C. difﬁcile is
not addressed.
Colonization
Colonization was deﬁned as the isolation of the organism from
a nonsterile site in the absence of symptoms of infection.

guidance statement
This document does not provide recommendations regarding
indications for the use of CP. It is intended for acute-care
hospitals that already use CP, and it addresses when and under
what circumstances CP may be discontinued.
Methicillin-Resistant Staphylococcus aureus (MRSA)
Recommendations.
1. If a hospital uses CP for patients previously colonized or
infected with MRSA, we recommend establishing a policy
for the discontinuation of CP for MRSA.
2. For patients not on antimicrobial therapy with activity against
MRSA, we recommend negative screening cultures to guide
decisions about discontinuation of CP. The optimal number
of negative cultures needed is unclear, though 1–3 negative
cultures are often used. The anterior nares are a common site
of culture sampling, though the literature is unclear regarding
the optimal site and the role of extra-nasal sampling.
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3. For high-risk patients, such as those with chronic wounds
or patients from long-term care facilities, we recommend
extending CP from the last MRSA-positive culture, prior to
assessing for CP discontinuation.
4. Outside an outbreak setting, if a facility’s endemic rates of
MRSA infection are low, the hospital may consider the
alternative approach of using CP for patients with active
MRSA infection for the duration of the index admission and
discontinuing CP on hospital discharge. In adopting this
approach, a hospital should monitor facility MRSA infection
rates, maximize and consider monitoring use of standard
precautions, and minimize patient cohorting to avoid
intrafacility transmission. If the hospital’s MRSA infection
rates increase, the hospital should transition to a screeningculture–based approach for discontinuation of CP.
Rationale. Wide variation exists in hospital practices for
discontinuation of CP for MRSA,11 and a policy for discontinuation can provide guidance to practitioners and
infection prevention staff. A policy for CP discontinuation
should address (1) inclusion and exclusion criteria,
(2) laboratory testing and surveillance strategies, and (3) policy
implementation and oversight. The studies utilized for this
manuscript used various time periods during which an individual with a history of MRSA could be eligible for testing
for discontinuation of CP. The SRN survey found that most
institutions used 1–3 negative MRSA surveillance cultures to
determine whether CP could be discontinued, though some
providers report that their hospital utilizes CP indeﬁnitely in
patients with a history of MRSA. Published evidence indicates
that most patients will remain negative for MRSA colonization
if they have 3 consecutive negative weekly surveillance
cultures,12 though the optimal number of and interval between
cultures remains unclear in the literature. Patients with chronic
wounds and those from long-term care facilities may be at higher
risk for persistent MRSA colonization and recolonization13; thus,
for these patients, hospitals may extend CP. The optimal duration of extension is unknown, though a minimum of 6 months
was used commonly by institutions in the SRN survey.
Vancomycin-Resistant Enterococci (VRE)
Recommendations.
1. If a hospital uses CP when caring for patients colonized or
infected with VRE, we recommend establishing a policy for
discontinuation of CP for VRE.
2. We recommend that following treatment of VRE infection,
the hospital use negative stool or rectal swab cultures to
guide decisions about the discontinuation of CP. The
optimal number of negative cultures needed is unclear,
though 1–3 negative cultures, each at least 1 week apart if
multiple cultures are obtained, are often used.
3. Hospitals should consider extending CP prior to assessing
for CP discontinuation in VRE infected patients who
are (1) highly immunosuppressed, (2) receiving broad
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spectrum systemic antimicrobial therapy without VRE
activity, (3) receiving care in protected environments (eg,
burn units, bone marrow transplant units, or settings with
neutropenic patients), or (4) receiving care at institutions
with high rates of VRE infection.
4. Outside an outbreak setting and if facility endemic rates of
VRE infection are low, the hospital may consider the
alternative approach of using CP for patients with active
VRE infection for the duration of the index admission and
discontinuation of CP on hospital discharge. In adopting
this approach, hospitals should monitor VRE infection
rates, maximize and consider monitoring use of standard
precautions, and minimize patient cohorting to avoid
intrafacility transmission. If institutional VRE infection
rates increase, the hospital should transition to a screeningculture–based approach for discontinuation of CP.
Rationale. Wide variation exists in hospital practices
regarding the duration of CP for patients with VRE infection
or colonization, and a policy on discontinuation of can guide
providers and infection control staff. A policy for CP discontinuation should address (1) inclusion and exclusion criteria, (2) laboratory testing and surveillance strategies, and (3)
policy implementation and oversight. In the SRN survey, most
institutions use 1–3 negative surveillance cultures to identify
patients for which CP can be discontinued. Data on duration
of VRE colonization indicate that colonization may be prolonged, with high rates of relapse after multiple consecutive
negative surveillance cultures.14–16 Factors associated with
prolonged VRE carriage include immunocompromising conditions and concomitant antibiotic exposure.16–19 Additionally, patients with diarrhea and uncontrolled respiratory
secretions and draining wounds may pose the highest risk for
transmission in the healthcare environment. The sensitivity of
surveillance cultures of stool or rectal swab samples for the
detecting VRE colonization is not well established. Settings
where VRE infection rates increase, particularly in outbreak
settings, or settings where care is provided to patients who, if
colonized, may be at high risk for invasive infection, may
beneﬁt from intensiﬁed infection prevention efforts to reduce
VRE transmission. Most frequently, 3 consecutive negative
cultures performed weekly have been studied, although hospitals may consider other strategies.14,20 Given the limitations
of sequential culture strategies in documenting VRE eradication, prolonging CP may be an effective enhanced measure in
preventing VRE transmission in high-risk settings, though
evidence does not exist to identify the optimal period of
prolongation.
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a policy for discontinuation of CP for MDR-E that includes
the following:
a. Maintaining CP for ESBL-E and CRE for the duration of
the index hospital stay when infection or colonization
with these bacteria is ﬁrst detected.
b. Considering discontinuation of CP on a case-by-case
basis, taking into account the following criteria: (1) at
least 6 months have elapsed since the last positive culture; (2) presence of a clinical infection and ongoing
antibiotic use, where discontinuation of CP should be
discouraged in the setting of suspected or known infection with ESBL-E or CRE, and concurrent broadspectrum antibiotic use that may select for these organisms; and (3) procurement of an adequate number of
screening samples, with at least 2 consecutive negative
rectal swab samples obtained at least 1 week apart to
consider an individual negative for ESBL-E or CRE
colonization.
2. We recommend that for extensively drug-resistant Enterobacteriaceae, such as carbapenemase-producing CRE, or
Enterobacteriaceae with very limited treatment options
(susceptible to ≤2 antibiotic classes used to treat that
organism), hospitals should maintain CP indeﬁnitely.
Rationale. Variation exists among hospital practices regarding
duration of CP for patients with ESBL-E and CRE infection or
colonization, with most respondents in the survey reporting that
their hospital utilizes CP indeﬁnitely in patients with a history of
ESBL or CRE. If an institution elects to consider discontinuation
of CP for MDR-E, we recommend a policy to guide practitioners
and infection prevention staff that includes (1) inclusion and
exclusion criteria, (2) laboratory testing and surveillance strategies, and (3) policy implementation and oversight. Nearly all
studies described prolonged and persistent colonization with
these organisms. Various risk factors are associated with persistent carriage with ESBL-E and CRE and include positivity on
clinical (vs screening) cultures and exposure and re-exposure to
healthcare facilities.21,22 Studies also have described variability in
detection of these bacteria from the gastrointestinal (GI) tract of
the same individual over time (ie, positive culture followed by
negative culture then reverting to positive).21,23 Finally, certain
extensively drug-resistant Enterobacteriaceae, particularly
carbapenemase-producing bacteria, have no or limited treatment options, which makes the impact of even a single transmission event signiﬁcant and provides the basis for a more
conservative approach to duration of CP.
Clostridium difﬁcile

Multidrug-Resistant Enterobacteriaceae (MDR-E)
Recommendations.
1. If a hospital uses CP for patients infected or colonized with
MDR-E (ESBL-E and/or CRE), we recommend establishing
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Recommendations.
1. We recommend that patients with C. difﬁcile infection
(CDI) receive care with CP for at least 48 hours after
resolution of diarrhea.
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2. Hospitals should consider extending CP through the
duration of hospitalization if elevated rates of CDI are
present despite appropriate infection prevention and
control measures.
3. At this time, insufﬁcient evidence exists to make a formal
recommendation as to whether patients with CDI should
be placed on CP if they are readmitted to the hospital.
Rationale. Currently, the Centers for Disease Control and
Prevention (CDC) and the SHEA/IDSA Compendium of
Strategies to Prevent Clostridium difﬁcile in Acute-Care Hospitals
recommend the discontinuation of CP 48 hours after the
resolution of diarrhea among patients diagnosed with
C. difﬁcile colitis.24 Patients that are C. difﬁcile carriers shed
the organism in their stools for weeks after cessation of
diarrhea.25,26 The shedding of C. difﬁcile spores after resolution
of diarrhea may contribute to the spread of this organism. Recent
data suggest that isolation of asymptomatic carriers reduced the
incidence of C. difﬁcile in the hospital setting.27 Based on these
ﬁndings, we recommend extending the duration of CP for the
duration of hospitalization in settings in which control of
C. difﬁcile is not optimal despite the institution of the standard
practices. At this time, evidence does not exist supporting repeat
laboratory testing for C. difﬁcile to guide decisions regarding
discontinuation of CP for patients with CDI.
Microbiological Screening and Molecular Testing
Recommendation. At this time, insufﬁcient evidence exists
to make a formal recommendation supporting the use of molecular testing for the purpose of discontinuation of CP for MDROs.
Rationale. While we assume that polymerase chain reaction
(PCR) tests perform with superior sensitivity compared to culture,
due to lack of high-quality studies at this time, we cannot deﬁnitively ascertain the impact of molecular methods on informing the
duration of colonization and guiding decisions about CP.

background
SHEA Research Network Survey
We surveyed SHEA Research Network (SRN) institutions to
ascertain policies and practices for guiding duration and discontinuation of CP for MRSA, VRE, MDR-E, and C. difﬁcile, as
well as screening and testing methods (Table 1). On June 22,
June 28, and July 6, 2016, SHEA sent the survey to members of
the SRN, which includes 134 individual institutions, 26% of
which are outside the United States and Canada. Among them,
4 institutions opted out because they were not eligible to participate, and 7 indicated that they were unavailable to respond
during the time the survey was open. The survey response rate
was 70.7% (87 of 123).
Of the responding institutions, 60.5% were academic
medical centers, 18.4% were community teaching hospitals

https://doi.org/10.1017/ice.2017.245 Published online by Cambridge University Press

with academic afﬁliations, and 7.9% were community hospitals with no academic afﬁliations. The responding institutions
varied in bed size and number of intensive care units (ICUs):
51–300 beds (29.7%), 301–600 beds (31.4%), 601–900 beds
(16.3%), >900 beds (23.3%), and 1–3 ICUs (41.9%), 4–6 ICUs
(30.2%), 7–9 ICUs (12.8%), ≥10 ICUs (14%). Overall, 94% of
institutions had pediatric beds. On average, institutions
reported having 1.4 hospital epidemiologists and 4.8 infection
preventionists.
Individual respondents reported the following primary
roles: healthcare epidemiologist (75.3%), infection committee
chair (54.6%), and infection preventionist (26%). These
individuals indicated that they are involved in patient care
(40.3%), teaching (40.3%), clinical research (31.2%), and
administration (18.9%).
More than half of the respondents identiﬁed C. difﬁcile
(56%) as the most problematic pathogen at their institution.
Another 27% reported that multidrug-resistant Gram-negative
rods (MDR-GNR), such as ESBL and CRE, were their
highest concern. MRSA and VRE followed with 14% and 2%,
respectively. Moreover, 38% of respondents reported a
healthcare-associated cluster or outbreak related to C. difﬁcile
infection in calendar year 2015, followed by MDR-GNR
(24%), MRSA (17%), and VRE (8%).
Most respondents reported using CP in patients colonized
with MDRO: CRE (99%), MRSA (89%), VRE (90%), and
other MDR-GNR (79%). All respondents reported using CP
for at least 1 indication. In addition, 75% of respondents
reported that their institution had a policy for discontinuing
CP in patients colonized with MRSA; 61% for VRE; 32% for
CRE; and 40% for other MDR-GNR. Furthermore, 25% of
respondents reported using molecular methods of testing for
detection of MRSA; 9% for VRE; 8% for CRE; and 5% for
other MDR-GNR. The remainder reported the use of culture
methods for screening.
Most respondents reported the use of screening tests for
discontinuation of CP for MRSA (66%) and VRE (55%), but
tests were less commonly used for discontinuing CP in patients
with CRE and other MDR-GNR (29% and 26%, respectively).
With regard to anatomic screening sites, the nares was the
most commonly screened site for MRSA, followed by the
rectum for VRE and CRE. In cases in which patients were
infected with an MDRO, the original site of infection was
screened frequently (45% for MRSA, 28% for VRE, 23% for
CRE, and 21% for other MDR-GNR). Respondents reported
using screening for discontinuing CP more frequently with
MRSA and VRE (83% and 80%, respectively) than with CRE
and other MDR-GNR (73% and 63%, respectively). Most
commonly, 3 negative screens were required for discontinuing
CP for MRSA (40%), VRE (46%), and CRE (14%). A large
proportion of respondents indicated that >5 days need to
elapse between screening specimen collections (30% for MRSA,
42% for VRE, 17% for CRE, and 12.7% for MDR-GNR).
The use of decolonization was reported by nearly a quarter of
respondents for the purpose of discontinuing CP in MRSA (24%).
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table 1.

Survey of Institutions in the SHEA Research Network (SRN)
The Most Problematic Pathogens at the Institution Based on the Infection Control Risk Assessment

MRSA
CDI
VRE
CRE/ESBL
Total
No response

No.

%

12
47
2
23
84
3

14.3
56.0
2.4
27.4
96.6
3.4

Healthcare-Associated Cluster or Outbreak during Jan 1–Dec 31, 2015, Requiring Infection Prevention Resources (eg, investigation,
control, etc.) Caused by 1 of the Following Pathogens

MRSA
CDI
VRE
CRE/ESBL
No clusters/outbreaks

No.

%

15
33
7
21
31

17.2
37.9
8.0
24.1
35.6

CP Used for Patients Documented to Have Colonization or Infection with 1 of the Following Organisms

MRSA
VRE
CRE/ESBL
Non-CRE MDR-GNR
No CP for any MDRO

No.

%

77
78
86
69
0

88.5
89.7
98.9
79.3
0.0

Institution Has a Policy That Allows for Discontinuation of CP for These Organisms

MRSA
VRE
CRE/ESBL
Non-CRE MDR-GNR

No.

%

65
53
28
35

74.7
60.9
32.2
40.2

Institution Screens or Tests for Discontinuing CP

MRSA
VRE
CRE/ESBL
Non-CRE MDR-GNR

No.

%

57
48
25
34

65.5
55.2
28.7
39.1

Institution Uses a Decolonization Regimen to Discontinue CP

MRSA
VRE
CRE/ESBL
Non-CRE MDR-GNR

No.

%

18
3
2
2

20.7
3.4
2.3
2.3

Institution Uses Time Since Last Positive Culture to Determine Whether to Discontinue CP

MRSA
VRE
CRE/ESBL
Non-CRE MDR-GNR
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No.

%

23
19
16
19

26.4
21.8
18.4
21.8
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Sites Used for Screening to Discontinue CP (check all that apply)
MRSA

VRE

CRE

ESBL

No.

%

No.

%

No.

%

No.

%

59
40
11
23
10

67.8
46.0
12.6
26.4
11.5

2
24
48
6
17

2.3
27.6
55.2
6.9
19.5

2
20
18
3
33

2.3
23.0
20.7
3.4
37.9

2
18
11
4
32

2.3
20.7
12.6
4.6
36.8

Nares
Original site
Perirectal
Skin
Do not screen

No. of Negative Screening Tests Required to Discontinue CP
1

MRSA
VRE
CRE
ESBL

2

Do Not Screen for
Discon-tinuation

>3

3

Total

No.

%

No.

%

No.

%

No.

%

No.

%

No.

13
5
6
7

18.1
7.1
9.5
12.7

22
13
8
8

30.6
18.6
12.7
14.5

28
32
9
6

38.9
45.7
14.3
10.9

1
3
3
0

1.4
4.3
4.8
0.0

8
17
37
34

11.1
24.3
58.7
61.8

72
70
63
55

Minimum Time Interval Between Specimen Collections When Testing to Discontinue CP
≤5 Days
No.
MRSA
VRE
CRE
ESBL

40
23
37
13

>5 Days

Variable

Total

%

No.

%

No.

%

No.

57.1
33.3
56.9
23.6

21
29
11
7

30.0
42.0
16.9
12.7

9
17
17
35

12.9
24.6
26.2
63.6

70
69
65
55

Patients Required to be off Antibiotics with Activity Against the Organism of Interest Prior to Repeat Screening for Discontinuation of CP

Yes
No
No response

No.

%

49
25
13

56.3
28.7
14.9

Time Interval Used From Discontinuation of Antimicrobial Therapy Until a Specimen is Obtained for the Purposes of Removal of CP
≤5 days

Variable Time

MRSA
VRE
CRE
ESBL

>5 days

No response

Total

No.

%

No.

%

No.

%

No.

%

No.

5
3
1
1

8.6
6.1
2.0
2.0

31
32
31
29

53.4
65.3
63.3
59.2

21
10
3
4

36.2
20.4
6.1
8.2

1
4
14
15

1.7
8.2
28.6
30.6

58
49
49
49

CP Discontinued Based on the Length of Time Since the Last Positive Laboratory Test

Yes
No
No response
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No.

%

28
49
10

32.2
56.3
11.5
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Timeframe Used Since Last Positive Laboratory Test to Discontinue CP
Current Hospital-ization

MRSA
VRE
CRE
ESBL

1 Month

6 Months

>1 Year

1 Year

No Response

Total

No.

%

No.

%

No.

%

No.

%

No.

%

No.

%

No.

3
4
1
4

13.6
20.0
6.3
19.0

1
1
0
2

4.5
5.0
0.0
9.5

7
5
4
6

31.8
25.0
25.0
28.6

8
7
5
4

36.4
35.0
31.3
19.0

3
3
6
5

13.6
15.0
37.5
23.8

6
8
12
7

21.4
28.6
42.9
25.0

28
28
28
28

Testing Method Used to Conﬁrm Clearance (check all that apply)
Culture

MRSA
VRE
CRE
ESBL

PCR

Total

No.

%

No.

%

No.

53
59
24
21

75
91
92
95

18
6
2
1

25
9
8
5

71
65
26
22

When CP for C. difﬁcile is Stopped

Upon discharge
When diarrhea stops
At least 24 hours after diarrhea stops
1 C. difﬁcile testing negative
>1 C. difﬁcile test negative
Never
CP not used for CDI
No response

No.

%

34
4
38
1
3
2
2
3

40.5
4.8
45.2
1.2
3.6
2.4
2.4
NA

Action When a Patient is Readmitted After a Diagnosis of C. difﬁcile Within the Prior 6 Months

CP started regardless of symptoms
CP started if diarrhea
Manage as any other admission
No response

No.

%

8
41
37
1

9.3
47.1
42.5
1.1

How Institution Uses PCR and/or EIA for C. difﬁcile Testing (check all that apply)
Clinical

PCR
EIA

CP

No.

%

No.

%

74
37

85.1
42.5

4
4

4.6
4.6

NOTE.

CP, contact precautions; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci (VRE); CDI, Clostridium
difﬁcile infection; MDR-GNR, multidrug-resistant Gram-negative rods; CRE, carbapenem-resistant Enterobacteriaceae; ESBL, extended-spectrum
β-lactamase; EIA, enzyme immunoassay; PCR, polymerase chain reaction.

A small number of institutions reported its use for eradication
of VRE (3%), CRE (2%), and other MDR-GNR (2%).
Respondents reported that CP for C. difﬁcile infection (CDI)
is discontinued most frequently upon discharge (40%) or
≥24 hours after the cessation of diarrhea related to CDI (45%).
Patients who are admitted with a history (within the last
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6 months) of CDI are most frequently put on CP if they
develop diarrhea (47%) or are managed as if they do not have
a history of CDI (42%). In addition, 85% of respondents
reported use of C. difﬁcile toxin PCR for diagnosis of CDI, and
42% reported the use of enzyme immunoassay (EIA) for this
purpose, suggesting that some institutions may be using both.
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Less than 5% of PCR and EIA users reported their use for
discontinuing CP.

m e t h i c i l l i n - r e s i s t a n t staphylococcus
aureus ( m r s a )
Current Recommendations on the Discontinuation of CP
Several states have laws supporting screening programs to
identify patients with MRSA colonization,28 particularly patients
viewed to be high-risk for MRSA colonization
(eg, patients admitted to the intensive care unit).29 Hospitals
determine where and when active surveillance should be performed and which high-risk populations and body sites are tested for colonization.30 In addition, some hospitals perform
surveillance cultures during hospitalization in predeﬁned
units to identify cases of MRSA acquisition.30 Because colonization with MRSA can be persistent,31 especially in high-risk
populations, some previously published guidance documents
recommend automatically placing patients on CP during hospitalization if they have a history of MRSA colonization or
infection during prior hospital admissions,5,30 thereby increasing
the population in healthcare facilities who are on CP for MRSA.5
There are no national guidelines pertaining to discontinuation of MRSA CP. The optimal duration of CP is
unknown for patients previously colonized or infected with
MRSA. Institutions often develop their own criteria for the
discontinuation of CP.9,11,32 Siegel et al33 suggest that if a
patient has not been on antibiotics for several weeks and has at
least 3 negative surveillance cultures for MRSA over the course
of 1–2 weeks, this may be sufﬁcient for discontinuing CP.
Variation exists among hospital policies for the discontinuation of CP for MRSA. Shenoy et al11 conducted a survey of
infection preventionists on the discontinuation of CP and found
that 73% of respondents stated that their institutions had a policy
for discontinuing CP for patients with a history of MRSA.
However, the study found signiﬁcant variation in the criteria
used, and most institutions did not actively screen patients for
the purpose of CP discontinuation. A survey of 55 hospitals
administered by Hospital Corporation of America (HCA, Inc.), a
large healthcare system in the United States, found that 68% of
ICUs had a policy for discontinuing CP for MRSA.34 Additionally, 18% of the respondents to a survey administered to physicians in the Emerging Infections Network (EIN) reported that
the duration of isolation for MRSA at their hospital was indeﬁnite once a patient was positive.9
Shenoy et al36 also conducted a randomized control trial
of individuals with a history of MRSA colonization or infection
at least 90 days prior to enrollment in the study and compared
standard hospital practice of clinician-initiated screening using
3 sequential cultures (ie, “passive screening”) to study initiated
screening for discontinuation of CP (ie, “active screening”).
In the active screening arm, research staff obtained 3 sets of
surveillance nasal cultures performed at least 24 hours
apart, processed by both culture and PCR. Patients in both
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arms with 3 negative cultures who had not received antibiotics
with activity against MRSA were eligible to have CP discontinued. The investigators found that in the passive screening arm, 31% of subjects had screening initiated and only
9.6% of subjects completed the series of swabs. In contrast, all
subjects in the active screening arm had screenings initiated,
and 74% had 3 swabs obtained to complete the series.36
The negative predictive value of the ﬁrst nasal swab processed
by PCR was 97% compared to 3 sequential cultures. Shenoy
et al37 also evaluated the use of a single PCR-based screening
in an emergency department for patients with a history of
MRSA prior to 90 days from that visit and who were not
receiving antibiotics with activity against MRSA in the prior
48 hours. Of the patients eligible for the study, 65% were PCR
negative and CP were discontinued. However, 69% of patients
were not properly assessed for enrollment, demonstrating the
signiﬁcant challenges in implementing active screening
programs for CP discontinuation, particularly in busy emergency departments.38
Other studies evaluating screening for discontinuation of CP
used longer time intervals since the last MRSA culture for study
eligibility. In a study by Vikram et al,39 individuals with no
positive MRSA cultures in 6 months prior to hospital admission
were screened for MRSA at multiple body sites (nares; wound if
present; and if no wound, axillae and perineum) 3 consecutive
times. The authors observed that only 21% of patients had 3 sets
of surveillance cultures that were negative and were removed
from CP. Goldsack et al40 collected 2 sets of nares cultures from
patients readmitted to the hospital with a history of MRSA at
least 1 year prior to the admission and without receipt of antibiotics in the prior 72 hours to assess continued MRSA colonization. They found that 80% of patients studied were no longer
colonized with MRSA; these patients were subsequently
removed from contact isolation.40
Automated electronic health record systems with microbiologic data and electronic alerts may improve compliance with
hospital policies for CP. In one system, discontinuation criteria
are displayed to physicians when they attempt to discontinue CP,
and only an infection preventionist can remove the visual alert for
MRSA in the electronic health record when criteria are met per
hospital protocol.41 Carson et al42 evaluated outpatients who were
not on long-term antibiotics and who had a MRSA infection
at least 3 months prior to enrollment and therefore were “MRSA
ﬂagged” in the EMR. Eligible subjects had surveillance cultures
obtained from the nares, axilla, inguinal area, and wound if present; if all cultures were negative, patients returned at least 7 days
later for testing at these body sites a second time. They observed
that 72% of outpatients in the study were no longer carriers of
MRSA and were able to have the alert removed from their
medical record.42
Duration of Colonization
Staphylococcus aureus colonization may be persistent (always
present), intermittent (sometimes present and sometimes
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absent), or rarely occurring.31 Studies examining individuals
following hospital discharge have suggested that over time, many
individuals will clear MRSA colonization, although a proportion
will remain long-term carriers.13,43,44 Long-term carriers of
MRSA retain an increased risk of serious infection and even
death due to MRSA compared to noncarriers.45 The median
time to clearance of MRSA colonization is 7–9 months13,46,47;
however, some individuals can have more prolonged carriage.43
In an evaluation of children in the community over a 1-year
period, 18% of children who were colonized with MRSA in the
nares at enrollment remained colonized 1 year later.48 In a
retrospective assessment of known MRSA carriers who were
readmitted to a large tertiary-care hospital, Sanford et al44
observed that a proportion of readmitted carriers remained
colonized for >3 years and that all patients colonized for
>12 months had at least 1 positive wound culture. Similarly,
Scanvic et al13 examined patients who were previously identiﬁed
as MRSA carriers who were readmitted to the hospital and
reported that those with a break in the skin at readmission were
more likely to have persistent carriage of MRSA. Other factors
associated with prolonged carriage of MRSA include older age,
household members with MRSA colonization, need for help
with daily activities, indwelling devices, a recent ICU stay, less
time since the last MRSA-positive culture, longer length of stay
in a healthcare facility, or residence in a long-term care facility.42,44,47,49–58 In addition, colonization with MRSA at multiple
body sites has been associated with prolonged carriage among
patients readmitted to a university hospital.59
Some studies have documented shorter duration of colonization. Ghosh et al60 examined patients with prolonged hospital stays and used active surveillance to identify patients that
lose MRSA carriage. They observed a clearance rate of 11% for
MRSA with a median time to clearance of 23 days, although
4 of these 19 patients were later found to be recolonized with
MRSA. Cluzet et al49 also documented a shorter duration of
MRSA colonization of 21 days in individuals screened every
2 weeks following a skin infection due to MRSA. Notably, this
population was younger, and most individuals received antibiotic therapy for skin infection, which could contribute to
earlier clearance; 20% of individuals never cleared colonization during 6 months of follow-up. In a separate analysis, these
investigators observed that 43.6% of individuals who had
cleared MRSA colonization ultimately became recolonized
with a median time to recurrence of 53 days.61 In a study of
patients at neurologic long-term care facilities, patients not
colonized with S. aureus at admission were followed with
weekly nasal surveillance cultures for a median duration of
20 weeks. The median time to clearance of MRSA colonization
(acquisition of colonization until 2 consecutive nasal swabs
negative for that strain) was 3 weeks.62
Challenges exist to developing a standardized deﬁnition of
clearance of MRSA. Due to the heterogeneity among study
designs, it is difﬁcult to draw overarching conclusions. Prior
studies showed considerable variability with respect to follow-up
time, frequency of screening cultures, and deﬁnitions of what
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constituted MRSA clearance. Some studies included potential
confounding variables, such as receipt of concomitant antibiotics
or the use of decolonization regimens.63 Because of variations
in MRSA colonization duration, many hospitals wait at least
3 months prior to assessing an individual for clearance of MRSA
colonization,36 with a large proportion of hospitals requiring
3 negative specimens to document clearance of MRSA.36
Published evidence indicates that most patients will remain
negative for MRSA if they have 3 consecutive negative weekly
surveillance cultures.12
Sites of Colonization
The anterior nares is the primary site of MRSA colonization,31
although various extra-nasal sites are also colonized (eg,
throat, axilla, inguinal area, perirectal area, and chronic
wounds).64 Most hospital surveillance programs screen for
MRSA colonization solely in the anterior nares. However, this
screening may result in unrecognized extra-nasal colonization.30 A review of 23 studies on testing for MRSA colonization
estimated that extra-nasal screening increased MRSA detection
by more than 33% compared to nares screening alone.64 It is
unclear whether evaluation of extra-nasal MRSA colonization
is beneﬁcial for hospital surveillance programs or if extra-nasal
colonization should be considered in a decision about
discontinuation of CP. Some hospitals use nares cultures alone
to conﬁrm clearance, whereas others use additional sites of
cultures to guide protocols for discontinuing CP.11 Further
research is warranted in the role of extra-nasal surveillance
cultures for the purpose of discontinuing CP.

vancomycin-resistant enterococcus
(vre)
Current Recommendations on the Discontinuation of CP
Early guidance suggested that CP for VRE should be discontinued after 3 negative stool cultures obtained at least
1 week apart.65 Subsequent guidelines from CDC and HICPAC supported this practice in the absence of uncontrolled
respiratory secretions, draining wounds, or the involvement
of the patient in an institutional outbreak.1 Sequential testing
revealed that after 3 sequential negative cultures, 35 of
37 patients (95%) remained culture negative.20 One institution,
which deﬁned VRE clearance as 3 negative stool cultures more
than 3 weeks apart, found in subsequent, prospective surveillance testing that VRE recolonization occurred in 5 of 21 patients
(24%) who had “cleared.”14 The same authors identiﬁed
12 patients who had at least 2 VRE-positive cultures more than
1 year apart, supporting concern for prolonged colonization.14
Donskey et al15 demonstrated that individuals who had
cleared VRE colonization with 3 negative stool cultures collected at least 1 week apart had a high recurrence rate (62%) if
they were exposed to antibiotics in the following year. Individuals with risk factors for VRE colonization have demonstrated recurrence,16 and recent studies suggest that a strategy
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of 3 weekly consecutive surveillance cultures to identify
VRE clearance results in recurrence rates of 11%.66
Duration of Colonization
Multiple studies evaluated the duration of VRE colonization
and the predictive value of VRE-negative stool cultures in
predicting VRE clearance. Studies on this subject have been
largely retrospective and have been focused in hospital settings.
A retrospective analysis of a large, multicenter study revealed
that among 394 patients with VRE colonization, 76% of those
admitted within 50 days of initial VRE detection remained
positive for VRE, and among 126 patients admitted over
300 days from the last positive VRE culture, 20 (15.9%)
remained positive in screening surveillance cultures.67 In a
single-center study, 35 of 210 VRE-colonized patients cleared
colonization at a mean of 49 days. Using a logistic regression
model the study predicted that 40% of colonized patients
would clear colonization at 100 days.68 In another study, 22 of
105 VRE colonized patients remained colonized for more than
100 days.20 A recent systematic analysis pooled data on the
subject from 13 studies, identifying a range of VRE clearance
from 1 to 43 weeks. A logistic regression model estimated that
50% of subjects cleared colonization at 25 weeks after an initial
VRE-positive stool test.63 Limitations associated with most of
these studies include inconsistent reporting of concomitantly
administered antibiotics, variation in testing modalities
(culture vs molecular methods), limited duration of follow-up,
and retrospective nature of the study designs.
Several factors may inﬂuence the duration of VRE colonization and the likelihood of VRE transmission in the hospital
setting. Prolonged hospitalization and intensive care unit stay
have been associated with prolonged VRE colonization.20
Immunosuppressed patients may remain colonized with VRE
for longer periods of time17,18,69 and may have a high rate of
recurrent VRE colonization after multiple negative VRE cultures.16 Antibiotic use, speciﬁcally vancomycin19,70 and ﬂuoroquinolone17,19 use, have been associated with prolonged VRE
colonization. Older patients and patients receiving ﬂuoroquinolones were more likely to transmit VRE to roommates.71
Prior guidance suggests consideration of concurrent antibiotic
use, particularly antibiotics with activity against VRE, when
making decisions regarding discontinuation of CP.1
Sites of Colonization
The gastrointestinal tract is the main site of VRE colonization,
though VRE has been identiﬁed on the skin of patients colonized with VRE with diarrhea.72 Most studies investigating
the duration of VRE colonization duration have used gastrointestinal tract samples,63 stool samples,14,19 and perirectal and
perineal swabs,20,67,68,73 or both.12,60 Some studies have
included surveillance cultures obtained from other sites
including throat and urine samples.16 While limited, data
comparing the sensitivity of rectal and perirectal cultures
suggest that both are comparable.74
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multidrug-resistant
enterobacteria ceae ( m d r - e )
Current Recommendations Regarding the Discontinuation of CP
The CDC HICPAC MDRO guidelines state that “In general,
it seems reasonable to discontinue CP when 3 or more
surveillance cultures for the target MDRO are repeatedly
negative over the course of 1 or 2 weeks in a patient who has
not received antimicrobial therapy for several weeks, especially
in the absence of a draining wound, profuse respiratory
secretions, or evidence implicating the speciﬁc patient in
ongoing transmission of the MDRO within the facility.” The
CDC CRE Tool Kit 2015 update states that “Currently, there is
not enough evidence to make a ﬁrm recommendation about
when to discontinue use of CP for infected or colonized
patients; however, CRE colonization can be prolonged
(>6 months). If surveillance cultures are used to decide if a
patient remains colonized, >1 culture should be collected to
improve sensitivity. Regardless of whether surveillance cultures are performed, the presence of risk factors for ongoing
carriage or ongoing CRE exposure should be considered in the
decision about discontinuing CP.”75
In a survey among SHEA Research Network members, among
49 respondents, CP for patients infected with ESBL-E were
reportedly maintained for the duration of active illness by 8.2%
of respondents, for the duration of hospitalization by 26.5%,
until negative surveillance cultures were obtained by 32.7%, and
indeﬁnitely by 34.7%.76 Overall, 55% of respondents reported
isolating patients at readmission. For those respondents requiring negative cultures for “clearance” (n = 16), cultures were
obtained after completion of antibiotics by 37.5% of respopndents, after hospital discharge by 25%, and within 3 months
by 12.5%. Among 62 respondents regarding CRE, CP were
reportedly maintained for the duration of active illness by 6.5%
of respondents, for the duration of hospitalization by 12.9%,
until negative surveillance cultures by 29%, and indeﬁnitely by
43.5%. Furthermore, 72% of respondents instituted isolation at
readmission for CRE. Among respondents reporting that they
require surveillance cultures for CRE clearance (n = 18), cultures
could be obtained after completion of antibiotics by 44.4%
respondents, after hospital discharge by 22.2%, within 3 months
by 27.8%, and at or after 1 year by 5.6%.
In another survey of infection control practices related to
MDR-E among 15 acute-care hospitals in Toronto, Canada,
CP were more likely to be instituted universally for CRE
patients than for ESBL-E patients for whom risk factors for
transmission (eg, diarrhea, draining wounds, etc) were considered when instituting CP. For ESBL-E, CP was maintained
until discharge by 5 of 15 hospitals, discontinued after 1 negative
specimen by 2 of 15 hospitals, and after 3 negative specimens
1 week apart by 8 of 15 hospitals.77 For CRE, CP was maintained
until discharge by 8 of 15 hospitals, discontinued after 1 negative
specimen from original positive site by 1 of 15 hospitals, after
3 negative specimens 1 week apart by 4 of 15 hospitals, and was
not yet determined by 2 of 15 hospitals.
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Duration of Colonization
Several studies have evaluated colonization with MDR-E longitudinally in a variety of patient populations in different countries and healthcare settings.21–23,78–90 Most studies were
conducted in the acute-care setting21–23,79–81,83,85,87,89–91 and
identiﬁed a population of patients infected and/or colonized with
MDR-E, either ESBL-E or CRE, or MDR-Enterobacteriaceae
deﬁned by resistance to multiple classes of drugs. Patients were
assessed for persistence of colonization at study-speciﬁc intervals
and variable durations of follow-up. The deﬁnition of “clearance”
varied between a single negative screening culture,79,87,90 at least
2 negative screening cultures,21,23,81,84 or at least 3 negative
screening cultures swabs.80,85,91
ESBL-E. Among hematology-oncology patients in 5 hospitals
in Germany undergoing rectal swab sampling every 10 ± 2 days
(mean duration of hospitalization, 36.6 days), 22 of 55 patients
(40.0%) colonized with ESBL-E converted to a negative ESBL-E
carrier status, and 18 of those 22 (81.8%) maintained this
status.23 In another university hospital cohort in Germany, with
clearance deﬁned by 3 negative cultures 1 week or more apart
obtained without ESBL-directed antibiotic therapy, only 10
cases (6.8%) were cleared from colonization.85 In a Swedish
cohort in which subjects provided self-collected fecal samples,
the prevalence of ESBL-E carriage was as follows: 51 of 61 (84%)
after 1 month, 36 of 61 (66%) after 3 months, 31 of 61 (55%)
after 6 months, and 26 of 61 (43%) after 12 months from a
positive clinical culture.78 In a French university hospital
cohort (n = 448) undergoing routine active surveillance
on admission for previous positive culture, 40% were still
colonized at ﬁrst readmission; 25.6% were still colonized
after 1 year, and 8.9% were still colonized after 2 years, with
a median time to ESBL-E clearance (single negative rectal
swab) of 6.6 months (range, 3.4–13.4 months).79,91
CRE. In a postdischarge surveillance study of tertiary-care
hospital and long-term care facility patients infected or colonized with KPC-Klebsiella pneumoniae in Israel, resolution of
carriage (deﬁned as 2 consecutive negative cultures and
blaKPC-PCR tests with no subsequent positive test) occurred
in 65 of 125 (52%) patients followed for 5 months.81 In a
tertiary-hospital–based prospective cohort in Hong Kong with
a median follow-up of 54 days (range, 15–421 days), the
median duration of stool CRE carriage was 43 days (range,
13–119 days).22 In another tertiary-care hospital–based study
in Israel, known CRE (predominantly K. pneumoniae) patients
with a positive rectal screen at a subsequent hospital encounter
(cases) were compared with those with a negative screen
(controls). The time interval between the ﬁrst positive CRE test
and the next CRE surveillance test was signiﬁcantly shorter
among cases (median, 51 days; interquartile range [IQR],
15–131) than controls (median, 145 days; IQR, 63–287;
P = .003).89 In another case-control study among tertiary-care
hospital patients in Israel, eradication was deﬁned on the basis of
2 negative rectal cultures plus a negative culture from the original
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source of CRE isolation (eg, urine, sputum, or wounds). This
screening procedure to declare presumed eradication was performed at a median of 11.9 months (IQR, 7.7–19.3) after the last
positive CRE culture. The median time to CRE recurrence was
49 days (IQR, 16–130), with recurrence of the same CRE in 30 of
36 case patients. Recurrent CRE was isolated only in screening
samples in 21 patients (58%), from urine in 11 patients (31%),
and from other clinical samples in 4 patients (11%).21
Variably Deﬁned MDR-E. In a study involving patients with a
history of military deployment hospitalized at Walter Reed
National Military Medical Center, those colonized with
MDR-E (deﬁned as ESBL-producing organism or resistant
to 3 of 5 antibiotic classes [ie, penicillins, cephalosporins,
carbapenems, aminoglycosides, or ﬂuoroquinolones]) underwent sequential culturing for 8 weeks or until hospital discharge.
Only 1 deployed subject became decolonized over the course of
the study, with a median duration of colonization of 26 days
(IQR, 9–33).83 This was the only study to culture multiple
anatomic sites over time; the results showed that the groin was
the most sensitive anatomic site for detecting MDR-E overall
but sensitivity differed by organism. In a community-based
cohort in France, stool samples from adults returning after
travel to tropical regions were screened for Enterobacteriaceae
producing an ESBL, AmpC, and/or carbapenemase. Detection
rates were 60% at 1 month, 57% at both 2 and 3 months, and
63% at both 6 and 12 months.86
Patient Groups at Risk for Prolonged Colonization
For ESBL-E, Phylogroup B2 and CTX-M-gr-9 were associated
with ESBL-E carriage at 12 months in a Swedish cohort.78 In a
French university hospital, having the ﬁrst positive culture on
screening samples only (compared to clinical ± screening
samples) was associated with ESBL-E clearance at readmission.79 Similarly, among KPC-producing CRE carriers in a
university hospital in Israel, the index culture being a clinical
culture (vs surveillance culture) was associated with longer
mean time to negativity.87 Recurrent hospitalization between
the ﬁrst and last culture was also associated with a longer time
to clearance of CRE colonization. This ﬁnding was also
reported in a case-control study of risk factors for CRE
recurrence in Israel, where a shorter time between the last
positive CRE culture and presumed eradication, recurrent
hospitalization, and the presence of a foreign body at the time
of presumed eradication were associated with CRE recurrence.21 In another hospital-based study in Israel, persistent
CRE-positive patients (n = 23) were more often admitted from
another hospital (59.1% vs 26.3%; P = .012) and were exposed
to antimicrobials during the preceding 30 days, although the
latter did not reach statistical signiﬁcance (57% vs 33%;
P = .059).89 In a study of CRE carriers in a university hospital
in Hong Kong that employed serial quantitative detection via
fecal specimens, a higher bacterial load on initial detection of
CRE, and the use of cephalosporins, carbapenems, and
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ﬂuoroquinolones after CRE detection were associated with
persistent fecal carriage.22 In a postdischarge surveillance study
in Israel, resolution of CRE carriage was more likely to occur in
recent acquisitions (ﬁrst positive < 4 months prior to enrollment) with 29 of 75 (39%) remaining positive compared to
remote positives (ﬁrst positive >4 months before enrollment)
with 36 of 50 (72%) remaining positive (P < .001). Furthermore, in remotely colonized patients, the presence of an
invasive device and high Charlson score were associated with
persistent carriage.81 Among adults returning to France after
traveling to tropical regions and found to carry ESBL-E, CRE,
or AmpC-producing Enterobacteriaceae, travelers returning
from Asia had more prolonged colonization than travelers
returning from sub-Saharan Africa or Latin America, and
carriers of E. coli had a lower risk of prolonged carriage than
carriers of other Enterobacteriaceae species.86
Sites of Colonization
Generally, the lower gastrointestinal tract is considered the
primary site of colonization with MDR-E, though there is no
universally accepted surveillance sampling strategy. The gastrointestinal tract sampling was included in nearly all of these studies.
Most studies evaluating duration of colonization with MDR-E
utilized stool samples,78,80,82,86,88 perirectal swab samples,21,79,81,84
or either.23,85 Original sites of infection were tested (if still relevant) in one study,21 and another study included cultures of
samples obtained from multiple anatomic sites (ie, forehead,
axillae, ﬁnger webs, groin, toe webs, and perirectal area).83

cl ost ridium dif ﬁcile
Shedding Time
Sethi et al25 demonstrated that 1-4 weeks after conclusion
of CDI treatment with vancomycin the frequencies of skin
and environmental shedding increased to 58% and 50%,
respectively (Figure 1). These percentages were greater than
they were at the end of CDI treatment (32% and 14%,
respectively). This study suggests that skin contamination and
environmental surface shedding of C. difﬁcile often persist at
the time of resolution of diarrhea, and recurrent shedding
is common 1–4 weeks after therapy. These results provide

ﬁgure 1.

support for the recommendation that CP be continued
until hospital discharge if rates of CDI remain high despite
implementation of standard infection control measures.
Jinno et al26 compared shedding of spores in patients with
resolved CDI within the past month (the time from the end of
therapy to 1 month after completion of therapy) and those
with active CDI (time from diagnosis until completion of CDI
treatment or until completion of 14 days of treatment in
patients receiving prolonged tapering courses of vancomycin).
Patients with active CDI were found to have high frequencies
of positive stool, skin, and environmental cultures (100%,
63%, and 51%, respectively).26 Among the patients with
resolved CDI, the frequency of positive stool, skin, and environmental cultures was signiﬁcantly higher among patients
cultured during the month after completion of treatment
versus those cultured >1 month after treatment (50%, 46%,
and 29% vs 18%, 5%, and 5%, respectively; P < .01 for each
comparison). None of the patients whose CDI had resolved
6–24 months after completion of treatment had positive skin
or environmental cultures. These results indicate that patients
with resolved CDI may demonstrate signiﬁcantly more shedding during the month following completion of treatment
than those cultured >1 month following treatment.
Donskey et al92 showed that the likelihood of carriers having a
positive skin or environmental culture or positive perirectal PCR
result increased as the number of colonies per swab increased. In
comparison to carriers with 1–25 colonies per swab, those with
≥26 colonies per swab had signiﬁcantly higher frequencies of skin
shedding (1 of 10 [10%] versus 10 of 15 [67%]; P = .012) and
environmental shedding (0 of 10 versus 9 [60%] of 15; P = .003)
and were more likely to have positive perirectal PCR results (3 of
10 [30%] versus 14 of 15 [93%]; P = .002). The number of
colonies recovered from perirectal swabs varied widely, and a low
burden of colonization was associated with a low risk of skin or
environmental shedding or a positive perirectal PCR result.
Shrestha et al93 and colleagues described the contamination
of healthcare personnel (HCP) hands with C. difﬁcile after
caring for patients with resolved CDI who were no longer under
CP. Patient CDI was either recent (2 days to 6 weeks after the
end of CDI treatment without diarrhea) or remote (6–24 weeks
after CDI treatment). Not surprisingly, the frequencies of hand
contamination of HCP after contact with patients with active

Frequency of Skin Contamination and Environmental Shedding116

https://doi.org/10.1017/ice.2017.245 Published online by Cambridge University Press

shea duration of contact precautions

and recent CDI were similar. Although less common, hand
contamination occurred during care of patients with remote
CDI, which may support placing patients on CP for the
duration of admission as well as re-admissions. Continuing CP
after resolution of diarrhea may also reduce transmission.93
The clinical impact of CP based on shedding might be
extrapolated from studies that investigated the effect of CP on
asymptomatic C. difﬁcile carriers. Lanzas and Dubberke94 used
agent-based modeling to evaluate the potential effectiveness of
methods targeting asymptomatic carriers to control C. difﬁcile
colonization and infection rates by screening patients at
admission to detect asymptomatic C. difﬁcile carriers and placing positive patients on CP. Scenarios simulating screening
test characteristics, colonization prevalence, and type of strain
present at admission were used. The investigators found on
average that testing asymptomatic carriers reduced the
number of new colonization cases by 40%–50% and hospital-onset
CDI cases by 10%–25%, compared with the baseline scenario.
A 2016 crossover experimental study showed that placing
asymptomatic carriers on CP based on universal screening on
admission signiﬁcantly decreased the incidence of CDI (3
hospital-associated [HA] CDI cases per 10,000 patient days)
compared to a control unit (6.9 HA-CDI per 10,000 patient
days; P < .001). The researchers estimate the intervention
prevented approximately 63 cases.27,95
Patients with C. difﬁcile Infection
A 2009 survey of 33 acute-care hospitals in Canada identiﬁed different approaches related to the discontinuation of CP; 13 hospitals
(39%) reported that CP were discontinued as soon as the patients
were asymptomatic, and 19 hospitals (58%) required a period of
24–72 hours with no symptoms prior to discontinuation of CP.
One hospital reported continuing CP until the end of the treatment
for CDI; this hospital had the greatest percentage of positive test
results (32% vs 12% for all other hospitals combined; P < .001).
No respondent continued additional CP until discharge.96
Johnson et al97 performed a prospective, controlled study
of the use of universal gloves on the incidence of CDI and
C. difﬁcile colonization. They found that the units in which the
glove intervention was performed demonstrated a decrease of
C. difﬁcile incidence from 7.7 to 1.5 cases per 1,000 patient discharges (P = .015). Contrary to this ﬁnding, the control units
without the intervention had unchanged incidence in the intervention and control phases. Colonization rates also decreased in
the units undergoing the interventions (17% vs 9%; P = .029).
This study suggests that the use of vinyl gloves may signiﬁcantly
reduce the transmission of C. difﬁcile diarrhea and therefore
should be used for the duration of hospitalization.97

use of molecular testing to determine
du ra tion of cp
Various methods and procedures have been used to screen
patients for MRSA, VRE, ESBL, and CRE colonization. The
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simplest approach is to culture swab specimens directly on
solid agar media. Alternatively, sensitivity can be enhanced by
ﬁrst placing swabs in enrichment broth. Following incubation,
broth is inoculated on to agar plates. Broth incubation
enhances recovery of MRSA,98 but lengthens laboratory turnaround time of results.
Comparison of Molecular and Standard Methods on
Sensitivity, Speciﬁcity, and Duration of Positivity
The diagnostic advantage of molecular methods (eg, PCR)
is enhanced sensitivity compared to culture. Unfortunately,
scientiﬁc documentation of this phenomenon has been
challenged using weak study methodology. The most common
methodology involves performing PCR in parallel with
culture, with the latter designated as the gold standard.
PCR-positive/culture-negative specimens are then retested
with an “arbiter” PCR. If positive, the specimen is assigned
positive screen status.99–114 This methodology (called “partial
veriﬁcation”) introduces bias in favor of PCR.115 For MRSA,
Yam et al99 tested 1,246 nares swab specimens with the
Lightcycler MRSA Advanced (Roche Molecular Diagnostics,
Basel Switzerland), a laboratory developed test (LDT) PCR and,
in parallel, cultured all specimens. The gold standard was deﬁned
as positive culture or positivity by both molecular assays. A
preferable method may be to perform multiple PCR assays
with similar sensitivity on all specimens using a “consensus”
gold standard deﬁnition. The sensitivities of culture, Lightcycler
MRSA Advanced, and the LDT were 84%, 83%, and 76%,
respectively, with no apparent statistical signiﬁcance.99
No similar studies were available for VRE or CRE assays.
Recently, FDA-cleared molecular methods (eg, PCR) for
detecting MRSA, VRE, and CRE have become commercially
available in the United States. For MRSA, commonly used
assays include the Xpert MRSA XT and Xpert SA Nasal
Complete (Cepheid, Sunnyvale, CA); BD MAX MRSA and BD
MAX StaphSR (Becton Dickinson, Franklin Lakes, NJ);
Lightcycler MRSA Advanced (Roche Molecular Diagnostics,
Basel Switzerland); and the Cobas MRSA/SA Test (Roche
Molecular Diagnostics). The Xpert VanA assay (Cepheid) has
been cleared by the FDA to detect VRE mediated by vanA, and
the Xpert CarbaR (Cepheid) detects various determinants
of CRE including blaKPC, blaNDM, blaVIM, blaIMP-1 and
blaOXA-48 (including OXA-48-like variants OXA-181 and
OXA-232). At this time, no molecular assays that detect ESBL
determinants have been cleared by the FDA.

developing policies for
discontinuation of contact
p r e c a u t io n s
Policies dictating the duration of contact precautions can
provide guidance to clinicians and infection prevention and
control programs in acute-care hospitals. Given the limited
data on the duration of organism colonization and the impact
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Potential Components for Inclusion in a Policy for Duration of Contact Precautions With Examples

Components

Examples

Inclusion criteria

Elapsed time since last infection with organism until consideration for discontinuation of CP
(ie, 3, 6, 12 months)
Concomitant antibiotic use within a speciﬁed period (ie, 24–48 hours prior to sampling),
active infection, hospitalization in an outbreak, or hyperendemic period at the facility
1–3
Nares (MRSA), perirectal (VRE, MDR-E), stool (VRE, MDR-GNR)
Daily, weekly, biweekly
Bacterial culture, molecular testing (eg, PCR)
Healthcare epidemiologist, infection preventionist, other hospital/ID leadership
Clinical staff with assistance from the Infection Prevention and Control Program vs active
monitoring and implementation led by the Infection Control and Prevention Program

Exclusion criteria
No. of surveillance samples
Surveillance sample source
Surveillance sample frequency
Testing methodology
Final arbiter for discontinuation of CP
Policy implementation strategy

NOTE. CP, contact precautions; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci (VRE); PCR, polymerase
chain reaction; ID, infectious diseases; MDR-GNR, multidrug-resistant Gram-negative rods; CRE, carbapenem-resistant Enterobacteriaceae; ESBL,
extended-spectrum β-lactamase

of CP in reducing spread of organisms in the healthcare
environment, no universally recommended approach exists
for making decisions regarding CP duration or discontinuation for any epidemiologically signiﬁcant organism. However,
hospital policies addressing duration of CP should include
several components (see Table 2). In adopting a policy to guide
decisions regarding discontinuation of CP, hospitals should
carefully assess their institutional risks, priorities, and resources. Infection prevention and control leadership should revisit
and revise policies if the epidemiology of speciﬁc organisms of
concern change, particularly in an outbreak or hyperendemic
situation. Additional factors, such as the cost and feasibility of
implementation, should be considered in adopting a policy for
CP discontinuation.

c o n c l u s i o n s an d a r e a s fo r f u t u r e
research
Data guiding decisions regarding the duration of CP are
generally limited to studies that often describe the duration of
low-level organism colonization rather than interventional studies evaluating the clinical impact of discontinuing CP in different settings. Extrapolation of published data is limited based
on variability in deﬁnitions of colonization and an inadequate
understanding of the impact of CP on preventing organism
transmission. Further research is needed to improve our
understanding of the role of molecular testing in evaluating the
transmissibility of organisms in healthcare settings, and how
these tests perform in comparison to culture-based methodologies in guiding decisions regarding the duration of CP. Research
studies should be performed in “real-world” settings to establish
a stronger evidence base on which to optimize the use of CP in
reducing the spread of MDROs and C. difﬁcile. Large, multicenter, prospective cluster-randomized trials using appropriate
outcomes and time spans to evaluate these outcomes would be
valuable in the development of evidence-based guidelines for the
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implementation of CP, including decisions regarding the duration of CP in acute-care hospitals.
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