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Background: Several single-center studies have suggested that eliminating isolation for vancomycin-re-
sistant enterococci (VRE) control in the context of endemic or nonoutbreak settings, has no impact on in-
fection rates. We performed a systematic review and meta-analysis on the impact of discontinuing isolation.
Methods: We searched PubMed, Embase, the Cochrane Library, and Web of Science through April 10, 2024
for studies evaluating discontinuation of isolation for VRE. Subgroup analyses assessed sources of hetero-
geneity.
Results: Nine studies were included in the final review. Four reported the incidence of hospital-acquired
VRE (HA-VRE) infections and 5 reported the incidence of hospital-acquired VRE bloodstream infections (HA-
VRE BSI). No significant difference between the rates of HA-VRE infection before and after stopping isolation
was observed (risk ratios, 0.93; 95% confidence interval, 0.68-1.26; P = .62), as well as no significant dif-
ference on the incidence of HA-VRE BSI (risk ratios, 0.68; 95% confidence interval, 0.44-1.07, P = .09).
Furthermore, we conducted 2 subgroup analyses: one stratified by whether the studies were conducted
during Coronavirus Disease 19 (COVID-19), and the other stratified by whether clinicians continued to use
personal protective equipment. Both analyses revealed no significant differences in the incidence of HA-VRE
BSI and termination of isolation between the subgroups.
Conclusions: In the context of endemic or nonoutbreak settings, discontinuation of isolation for VRE pa-
tients has not been associated with an increased rate of HA-VRE infections.
© 2024 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All
rights are reserved, including those for text and data mining, Al training, and similar technologies.

BACKGROUND

In 2019, the Antibiotic Resistance Threats Report published by the
Centers for Disease Control and Prevention classified vancomycin-
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of the epidemiology and outcomes of VRE shows that the incidence
of VRE was reported inconsistently and infrequently, the range of
VRE infection rates across different studies or settings was wide (1%-
55%), and the mortality rate of patients with VRE faecium blood-
stream infections (BSIs) is 1.46 times higher than that of patients
with vancomycin-sensitive Enterococcus faecium BSIs.””
Immunocompromised patients are susceptible to VRE infections,
and there is a limited choice of antibiotics available to treat VRE
infections when they occur. VRE can be transmitted from patient to
patient through contact with contaminated health care workers,
environmental surfaces, or medical equipment.! To prevent the
challenge of controlling the deadly and costly infections associated
with VRE, a bundle of contact precautions (CPs) have been
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recommended for VRE-infected or colonized patients, such as the
use of personal protective equipment (PPE) (the use of gowns and
gloves), isolation in a single-room or cohort, hand hygiene (HH),
decolonization with chlorhexidine (CHG) bathing, and environ-
mental disinfection practices."*® However, in the context of en-
demic or nonoutbreak settings, the need for CPs (such as the use of
PPE) for patients with VRE colonization or infection is currently
controversial, and the impact of stopping single-room or cohort
isolation on hospital-associated VRE infection rates is not known.” '

Recent researchers have questioned the necessity of single-room
or cohort isolation for VRE patients in endemic or nonoutbreak
settings, finding no evidence of increased incidence of hospital-ac-
quired VRE (HA-VRE) infections or hospital-acquired VRE BSIs when
HH compliance is high.''>1°-2% Further, a growing body of research
has found that the isolation of patients may be associated with
medication errors, fewer physician and nurse visits, safety issues
such as increased falls and pressure ulcers, patient anxiety and de-
pression, and significant increases in the cost of care.”! Therefore, in
this systematic review and meta-analysis, we synthesized existing
studies to assess the impact of discontinuing single-room or cohort
isolation of VRE patients on hospital-associated VRE infection rates.

METHODS

The study was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses and Joanna Briggs
Institute methodology for systematic review guidelines.”” This re-
view was registered in the International Prospective Register of
Systematic Reviews—PROSPERO (CRD42024535541). No ethical ap-
proval was required.

Search strategy

We searched PubMed, Embase, the Cochrane Library, and Web of
Science databases by using keywords related to “patient isola-
tion” and “vancomycin-resistant enterococcus” to construct the
search strategies. For details of the search strategy, please see
Supplementary 1. The search period was from the date of database
creation to April 10, 2024, with no language restriction. We also
reviewed the citations within the final included studies to search for
relevant studies.

Inclusion and exclusion criteria

Studies were included if they matched the following criteria:
involved human inpatients; in hospitals that had stopped isolating
patients with VRE; and controlled trial or quasi-experimental study
design. Exclusion criteria: under the age of 18; only abstracts but no
full texts were available; no report of VRE occurrence; studies with
incomplete data, such as protocols; or outbreak studies.

Literature selection and data extraction

Studies retrieved from each database were imported into the
literature  management  software  NoteExpress  3.7.0.9296
(NoteExpress, Aigin Haile Technology Co, Ltd). The titles and ab-
stracts of all studies were independently screened by 2 reviewers,
Huiling Pan (P.H.L.) and Jie Song (S.J.), to obtain full-text studies that
met the inclusion criteria and were independently reviewed by 2
evaluators (P.H.L. and S.J.). Inconsistencies in the included studies
were discussed by the 2 reviewers (P.H.L. and S.J.), and if disagree-
ments persisted, a third reviewer, Chunalai Zhang (Z.C.L.), was con-
sulted to reach consensus.

Data extraction was performed by one reviewer (P.H.L.) and
subsequently checked by another reviewer (S.J.). The extracted data

included authors, year of publication, country, time of stopping
isolation, duration of study, study design, the number of beds in the
study center, type of study center and department, active surveil-
lance status, adherence surveillance status, infection control mea-
sures, incidence of hospital-associated VRE infection rates, and
incidence of hospital-associated VRE BSI rates. The tool used for data
extraction was an Excel spreadsheet developed and designed by the
authors.

Quality assessment

The main outcomes of interest in this study were the incidence of
hospital-associated VRE infection and the incidence of hospital-as-
sociated VRE BSI. Therefore, the quality assessment tools used in this
study are the ones suitable for before-after (pre-post) studies with
no control group, namely the scale developed by Aboelela et al (5
aspects include 14 items, each item has a score of 1-4 points, of
which 4 is the highest quality).”®> The evaluation was conducted
independently by 2 reviewers (P.H.L. and SJ.), who discussed the
inconsistency of quality assessment, but if the disagreement still
existed, the third reviewer (Z.C.L.) was consulted to reach a con-
sensus. All studies, regardless of methodological quality, were in-
cluded in this review.

Statistical analysis

Meta-analysis was performed using Review Manager 5.4 soft-
ware (Revman, Cochrane Collaboration). The natural log of the risk
ratios (RR) (preincidence to postincidence rate) and standard error of
mean for VRE studies were calculated independently. Then, the
pooled RR and its 95% confidence intervals (CIs) were estimated
using the random-effects model of the inverse variance method.
Heterogeneity between studies was evaluated by the I? statistic and
the Cochran Q statistic. The funnel plot method was used to evaluate
the publication bias. We planned to conduct subgroup analysis for
the outcome of the hospital-acquired VRE BSIs based on whether
clinicians continued to use PPE and whether the study was con-
ducted during Coronavirus Disease 19 (COVID-19). A 2-tailed P < .05
was considered statistically significant in all tests.

RESULTS
Search results

The search result was 6,892 publications. After removing 1,354
duplicates, 5,538 studies were identified for screening. After
screening the titles and abstracts according to the inclusion and
exclusion criteria, 38 studies were selected for full-text review. Ten
studies were excluded due to ineligible study aims. Figure 1 sum-
marizes the reasons for excluding studies.

Characteristics of included studies

As shown in Table 1 (see Supplementary 1 for details), 9 studies
were included in the final review, and these studies were published
between 2014 and 2024. A total of 5 countries participated in the
publication of these studies, including 4 studies in the United
States,'”~?° 2 studies in South Korea,'”'" and the remaining 3 studies
from Germany,'® Canada,'” and Denmark,® respectively. All studies
used quasi-experimental designs; 8 were nonrandomized, com-
paring VRE infection rates pre- and post-discontinuation of single-
room or cohort isolation; and 1'% was a retrospective observational
study. Six studies'?~'2191920 were single-center, and 3" were
multicenter. The setting for most (8/9) studies'®~*17-29 was an
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Fig. 1. Flowchart depicting the inclusion and exclusion of studies.

entire hospital, while 1 study'®

units (ICUs) in a hospital.

The researchers reported outcomes in different ways. Three
studies'®'”?° reported the number of hospital-associated VRE in-
fections per 1,000 patient days pre- and post-discontinuation of
single-room or cohort isolation; 1 study'® reported the number of
VRE device-associated infections per 1,000 device days; 3 stu-
dies'®''9 reported the number of hospital-associated VRE BSIs per
1,000 patient days before and after discontinuation of isolation; 1
study'® reported the number of hospital-associated VRE BSIs per
1,000 central venous catheterization days; and 1 study'' reported
the number of hospital-associated VRE BSIs per 100,000 pa-
tient days.

In 4 of the studies,'’ '* clinicians used PPE before and after dis-
continuation of isolation, with 2 of these studies'®'? demonstrating
that adherence to PPE use remained high. In contrast, 5 of the stu-
dies'®?° showed that clinicians stopped using PPE after dis-
continuation of isolation. Similarly, active surveillance was
performed by clinicians in 4 of the studies,''*'%?° both before and
after stopping isolation. Yet, in 2 studies,'""® VRE microbiologic
surveillance was discontinued after stopping isolation. Six stu-
dies'*~'>7-1° monitored HH compliance, with 5'°"'>'7'® clinicians
reporting high HH compliance rates both before and after stopping
isolation (ranging from 84% to 96.4% in 4 studies,'”'""”'® while 1
study'? did not provide specific data). The remaining study'® did not
report data on HH adherence. In 2 studies, clinicians administered
CHG bathing daily to ICU patients.'®'® In 1 study,'® clinicians im-
plemented daily antiseptic body washing with octenidine for ICU
patients after stopping isolation. In 2 other studies,'”' clinicians
administered CHG bathing daily to all patients. In 4 of the stu-
dies, 1718 clinicians kept the environmental disinfection practices
unchanged before and after discontinuation of isolation; in 2 stu-
dies,®® clinicians intensified the frequency of cleaning and disin-
fection after stopping isolation. Environmental disinfection practices

was specific to 8 adult intensive care

varied across studies, such as 2 studies'”'® used ultraviolet light for

disinfection daily, 1 study'® used vaporized hydrogen peroxide for
daily disinfection, and 1 study'’ used quaternary ammonium com-
pound for daily disinfection with 96.4% adherence.

Quality evaluation results

The quality assessment is shown in Table 2. The results of the
assessment tool (1-4 scale) used by Aboelela et al showed that the
average score of 9 studies was 3.0 (range 2.4-3.3). The included
studies had the following characteristics: the research questions and
objects were clearly explained, and all participants evaluated the
results consistently. Five studies used an interrupted time series
analysis design.'"'®~'®?° However, there are some problems, such as
insufficient explanation of the baseline data of the study subjects,
lack of explanation of the follow-up, and whether the outcome as-
sessors were blinded to the participants’ intervention status. In
general, the overall quality of the studies included in the review
was good.

Meta-analysis

The studies conducted by Hansen et al’® and Popiel et al'? were
not included in the meta-analysis because they did not report the
data on hospital-associated VRE infection.

Data from 4 studies investigating the rates of hospital-associated
VRE infection before and after removing single-room or cohort iso-
lation were included in the meta-analysis (Fig 2).'%”192° The pooled
analysis suggested that there was no statistically significant differ-
ence in the incidence of hospital-associated VRE infection before and
after stopping single-room or cohort isolation (RR, 0.93; 95% CI,
0.68-1.26; P=.62). We did not notice any heterogeneity among these
study findings (I? =0%, P=.92).

Data from 5 studies investigating the rates of hospital-associated
VRE BSI before and after stopping single-room or cohort isolation
were included in the meta-analysis (Fig 3).'!"51819 The pooled
analysis suggested no evidence of difference between rates of hos-
pital-associated VRE BSI before and after discontinuation of single-
room or cohort isolation (RR, 0.68; 95% CI, 0.44-1.07; P=.09). We did
not notice any heterogeneity in these findings (I* = 0%, P=.43). There
was little evidence of publication bias for the outcomes of hospital-
associated VRE infections (see Supplementary 2).

Subgroup analysis

Two studies'”'! investigated rates of hospital-associated VRE BSI
before and after removing isolation that used PPE, while 3 stu-
dies'®'®19 did not use PPE. The pooled analysis for studies using PPE
suggested no evidence of difference between rates of hospital-as-
sociated VRE BSI before and after removing the isolation (RR, 0.84;
95% Cl, 0.34-2.06; P=.71). Similarly, the pooled analysis for studies
not using PPE also suggested no evidence of difference between rates
of hospital-associated VRE BSI before and after removal of isolation
(RR, 0.54; 95% CI, 0.28-1.04; P=.06). We did not notice any differ-
ences between these subgroups (test for subgroup differ-
ences: P=.09).

Two studies investigated the rate of hospital-associated VRE
BSI before and after stopping the isolation during COVID-19, while 3
studies'®'®!? conducted studies during non-COVID-19. Since the
study was consistent with the subgroup analysis of the rate of
hospital-associated VRE BSI whether to use PPE, the effect indicators
were equal and the results were consistent.

10,11
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Table 2
Quality assessment of studies included
Park  Hansen Chang  Eichel Martin Haessler ~ Edmond Popiel Gandra

Representativeness
Study population description 4 4 4 4 3 4 3 3 4
Inclusion and exclusion criteria 4 4 4 3 3 3 3 3 4
Location and setting description 4 4 4 4 4 4 3 4 3
Bias and confounding
Study population corresponded to a large population in all key factors 1 1 1 1 1 1 1 1 1
Masking 1 1 1 1 1 1 1 1 1
How similar was the assessment of outcomes between groups 4 4 4 4 4 4 3 3 4
Involvement from the author 1 1 1 1 1 1 1 1 4
Accounted for confounding interventions 4 4 4 3 3 3 3 2 2
Compliance rates 4 4 4 4 3 4 3 3 3
Description of intervention
Replication possible given descriptions of intervention 4 3 4 4 4 4 2 3 4
Outcome and follow-up
Outcome assessment procedure clearly defined 4 4 4 4 3 4 4
Groups equivalent in attrition, length of stay, death, or patient days 3 4 2 2 3 2 2 2 3
Statistical analysis
Description and appropriateness of methods 4 4 4 4 4 4 3 3 4
Tested differences between groups and variability 4 4 4 4 2 2 2 1 3

DISCUSSION according to previous studies, different environmental disinfection

This study found that in the context of endemic or nonoutbreak
settings, canceling single-room or cohort isolation for VRE patients
did not affect the incidence of hospital-associated VRE infection or
hospital-associated VRE BSI. This may be related to HH compliance
of >84% before and after stopping isolation, daily chlorhexidine
bathing, and having a good environmental disinfection protocol. At
the same time, subgroup analysis of this study found that whether
clinicians continued to use PPE and whether the study was con-
ducted during COVID-19 had no impact on the study results.

Previous studies have mostly discussed the role of cluster inter-
ventions in preventing and controlling the generation and spread of
VRE.?*?> These measures usually include HH, decolonization with
chlorhexidine bathing, PPE (the use of gowns and gloves), isolation
in a single room or cohort, environmental disinfection practices, and
so on. However, there is a lack of strong clinical trial evidence to
support the role of an intervention in the prevention and control of
VRE infection.”®?° HH is crucial in preventing and controlling the
spread of VRE, and higher HH compliance can block the spread of
pathogens. In this systematic review, the HH compliance >84%, and
the HH compliance was different before and after stopping isolation,
which may have had an impact on the research results to some
extent. Previous studies have shown that chlorhexidine or octeni-
dine bathing can effectively reduce the colonization and infection
rate of VRE.?”?® In this systematic review, some studies used chlor-
hexidine or octenidine bathing for patients, but the included studies
lacked data on bathing frequency and implementation rate before
and after removing isolation, which is not conducive to the ela-
boration of the research results to a certain extent.'”'”~' Moreover,

practices affect rates of multidrug-resistant organism (MDRO) co-
lonization and infection.?>*° In this systematic review, there are 2
studies in which the change in environmental disinfection practices
after the removal of isolation interferes with the interpretation of
research results to a certain extent. Nevertheless, it also shows that
in the context of endemic or nonoutbreak settings, discontinuation
of isolation for VRE patients has not been associated with an in-
creased rate of HA-VRE infections, especially when the hospital
maintains an adherence to HH practices of at least 84%, implements
daily CHG bathing, and adheres to a robust protocol for environ-
mental disinfection practices.

With the increase of single-occupancy rooms in medical centers
in developed countries, more and more studies explore the in-
cidence of MDRO colonization or infection after moving to a new
hospital with 100% single-occupancy rooms.”"*? Blane et al31 found
that the VRE colonization or infection rate after relocation to a new
hospital with all private rooms decreased significantly (incidence
rate ratio: 0.56; 95% CI: 0.38-0.84).%' Schoor et al also showed that
moving to a new hospital with a 100% single ward significantly re-
duced the number of highly resistant microorganisms in the en-
vironment.?” However, as stated in previous studies, the timing of
the investigation and environmental disinfection practices before
and after the relocation was not systematically detected, and there
were a number of confounding factors.’’*? In addition, these studies
are single-center studies and still lack strong evidence to prove the
impact of a 100% single-occupancy room on MDRO colonization or
infection. Moreover, a growing number of studies have shown that
isolation has certain concerns about the psychological and physio-
logical safety of patients.?' Isolation of patients may be related to

Risk Ratio Risk Ratio
Study or Subgroup __log|Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
Edmond 2015 -0.26 0323 236% 0.77 (0.41,1.45) —-—
Eichel 2022 -0.1177 0.4844 105% 0.89 [0.34, 2.30] — T
Gandra 2014 031 155 10% 0.73[0.04,15.30]
Martin 2022 0 0195 648% 1.00 [0.68, 1.47) -
Total (95% Cl) 100.0%  0.93[0.68, 1.26] 4
Heterogeneity, Tau®= 0.00; Chi*= 0.51, df= 3 (P = 0.92), F= 0% 0 o1 n=1 : 1’0 100‘

Testfor overall effect: Z=0.49 (P = 0.62)

Favours [experimental] Favours [control)

Fig. 2. Impact of stopping isolation on hospital-associated VRE infection. CI, confidence interval; SE, standard error; VRE, vancomycin-resistant enterococci.
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Risk Ratio Risk Ratio
Study or Subgroup __ log[Risk Ratio] SE Weight IV, Random, 95% CI IV. Random, 95% ClI
Chang 2023 02874 0.4407 264% 1.33[0.56, 3.16) —T—
Edmond 2015 -0.6931 1.2286 34% 0.50 [0.04, 5.56)
Eichel 2022 0 08161 7.7% 1.00[0.20, 4.95]
Haessler 2020 -0.7402 0.3811 354% 0.48(0.23,1.01) ——
Park 2024 -0.6292 04355 27.1% 0.53(0.23,1.25) —
Total (95% Cl) 100.0%  0.68[0.44, 1.07) R
Heterogeneity: Tau®= 0.00; Chi*= 3.80, df= 4 (P = 0.43); F= 0% 0 o1 0:1 3 1’0 1004

Testfor overall effect. Z=1.68 (P=0.09)

Favours [experimental] Favours [control)

Fig. 3. Impact of stopping isolation on hospital-associated VRE bloodstream infection. CI, confidence interval; SE, standard error; VRE, vancomycin-resistant enterococci.

safety issues such as anxiety and depression among patients, a
substantial increase in nursing costs, a reduction in the number of
doctor and nurse visits, medication errors, falls, and pressure ul-
cers.”! Besides, for nondeveloped countries, the number of single
rooms is limited, so it is necessary to adjust the utilization rate of
single rooms reasonably and reduce the unnecessary use of single
rooms in order to reserve medical resources for patients who need to
use single rooms urgently.

A previous study discussed the impact of canceling CPs (such as
the use of PPE) on the incidence of health care-associated infection
in patients with VRE and Methicillin-resistant Staphylococcus
aureus (MRSA) and found that there were decreased rates of hos-
pital-associated VRE infection following stoppage of CPs (RR, 0.82;
95% CI, 0.72-0.94; P=.005),® which was consistent with the results
of a meta-analysis of MDRO patients who stopped CPs in 2018 (RR,
0.82; 95% CI, 0.72-0.94; P=.005).” Most of the included studies
defined CPs as the use of PPE,>*~*° and a few studies defined CPs as
the use of PPE and isolation of VRE patients.'?*° There was a lack of
meta-analysis of the impact of isolation on the rate of hospital-
associated VRE infection. Although this study included some stu-
dies on the effect of removing CPs (use of PPE and isolation) on VRE
infection rates, 5 studies in this meta-analysis were published in
2022 and later. Several studies in this meta-analysis showed that
the incidence of hospital-associated VRE colonization or infection
increased in the short term after stopping isolation, but the in-
cidence of hospital-associated VRE colonization or infection sta-
bilized after the removal of isolation for a period of time.'®!”%°
Furthermore, based on the results of this systematic review and
meta-analysis, there is evidence to support that canceling the
single-room or cohort isolation of VRE patients will not affect
the rates of hospital-associated VRE infection. This may be related
to the fact that HH compliance was higher than 84% in most pre-
vious studies.!”!"”!® Further, the transmission mode of VRE is
contact transmission and will not spread in the air through
coughing or sneezing.! Meanwhile, a previous study analyzed the
genetic similarity of fecal and blood isolates from VRE patients and
found that their molecular epidemiology was mainly sporadic and
that most patients harbored unique VRE strains.>® Therefore, in the
context of endemic or nonoutbreak settings, the hospital-asso-
ciated VRE infection rate can be maintained at a low level.'%'®

Some limitations of this study are difficult to avoid. This study is only
looking at rates of infection and not transmission. Some of those health
care-associated infection rates may be due to infection with one’s own
flora, not transmission, which may not be impacted by PPE and isolation.
Furthermore, this study is not looking at whole-genome sequencing or
clusters to confirm the impact of changing isolation practices and is not
applicable to epidemic (such as outbreak) situations. Additionally, the
limited number of studies in the meta-analysis may affect the reliability
of the evidence obtained in this study. Moreover, the studies we in-
cluded were mainly based on interrupted time series analysis, which
made it difficult to control other events unchanged (such as

antimicrobial drug management, personnel changes, and infection pre-
vention policies) that may affect the outcome before and after stopping
isolation. Due to the lack of data on some confounding factors before and
after removing isolation in previous studies, it is difficult to conduct
subgroup analysis on HH, chlorhexidine bathing, and environmental
disinfection practices in order to explore the influence of various con-
founding factors on the research results.

CONCLUSIONS

In conclusion, this systematic review and meta-analysis sug-
gested that in the context of endemic or nonoutbreak settings, dis-
continuation of isolation for VRE patients has not been associated
with an increased rate of HA-VRE infections, which may be related to
the hospital maintaining an adherence to HH practices of at least
84%, implementing daily CHG bathing, and adhering to a robust
protocol for environmental disinfection practices. However, only a
limited number of studies meet the inclusion criteria. Thus, more
countries need to participate in and work on multicenter studies
with complete confounding factor data and longer follow-up time to
confirm this finding.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at doi: 10.
1016/j.ajic.2024.07.018.
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