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Prevention in adults of transmission
of infection with multidrug-resistant
organisms: an updated systematic
review from Making Healthcare

Safer IV

Sean McCarthy,' Aneesa Motala

ABSTRACT

Background Healthcare-associated infections due to
multidrug-resistant organisms (MDROs) remain a high
priority patient safety topic, despite broad acceptance

as standard-of-care safety practices to prevent central
line-associated bloodstream infection, catheter-associated
urinary tract infection and ventilator-associated pneumonia.
Prior editions of Making Healthcare Safer have mixed
certainty evidence for various other patient safety practices.
Objectives As part of Making Healthcare Safer IV, we
performed an updated systematic review on the certainty
of evidence for the following safety practices at reducing
in-facility MDRO infections in adult patients: universal
gloving, contact precautions, cohorting, environmental
decontamination, patient decolonisation and the adverse
effects of isolation.

Methods We searched PubMed and the Cochrane Library
2011-May 2023 for systematic reviews and original
research studies, both randomised and observational.
Settings were limited to high-income countries. Screening
and eligibility were done in duplicate, while data

extraction was done by one reviewer and checked by

a second reviewer. The synthesis of results is narrative.
Certainty of evidence was based on the GRADE (Grading
of Recommendations Assessment, Development and
Evaluation) framework.

Results Three systematic reviews and three original
research studies provided moderate certainty evidence

that patient decolonisation reduced MDRO infections,
although restricted to certain populations and organisms.
One systematic review provided low certainty evidence that
universal gloving was beneficial, again limited to certain
populations. One systematic review and two original
research studies provided low certainty evidence of benefit
for environmental decontamination. One systematic review
and one new original study provided low certainty evidence
of benefit for cohorting in outbreak settings, and very

low certainty evidence of benefit in endemic settings. Six
original research studies provide mixed evidence for benefit
of contact precautions. There is very low certainty evidence
of a signal of increased non-infectious adverse events
under patients in contact isolation.

Conclusion In general, the reviewed patient safety
practices reduced MDRO infections, but certainty of
evidence was low.

PROSPERO registration number CRD42023444973.
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WHAT IS ALREADY KNOWN ON THIS
TOPIC

= In-facility transmission in adults of
multidrug-resistant organisms (MDROs)
is a high-priority patient safety topic.

= Prior Making Healthcare Safer reviews
(last done in 2020) have found mixed
evidence for various patient safety
practices.

WHAT THIS STUDY ADDS

= We found moderate certainty evidence
that patient decolonisation can reduce
infection with MDROs, although to
date the evidence is restricted to
certain higher risk patient populations
and mostly about methicillin-resistant
Staphylococcus aureus and vancomycin-
resistant Enterococcus.

= Universal gloving, cohorting and
environmental cleaning may be
effective, but effect sizes are small
and certainty of evidence is low.

= Contact precautions, meaning use
of gowns, gloves and single room
isolation for infected or colonised
patients has mixed evidence, and
there is a very low certainty signal
that isolation may be associated with
some adverse health effects.

HOW THIS STUDY MIGHT AFFECT
RESEARCH, PRACTICE OR POLICY

= In-facility transmission of MDROs
can be reduced, but more research is
needed to reach moderate certainty
evidence about the most effective
practices or combinations of
practices for specific organisms and

settings.
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Systematic review

BACKGROUND

There have been concerted efforts to track and reduce
the burden of healthcare-associated infections (HAIs)
in the USA over the past several decades. With these
efforts, there has been a decrease in hospital-acquired
infections and particularly procedure-related and
device-related infections, including surgical site
infections, catheter-associated urinary tract infection
(CAUTI) and central line-associated bloodstream infec-
tion (CLABSI), as well as Clostridioides difficile infec-
tion, although several of these trends have reversed
in the short term in the context of the COVID-19
pandemic.' * Meanwhile, the threat of multidrug-
resistant organisms (MDROs) has seen more mixed
progress; a 2019 report found a decrease in overall
and hospital deaths from antibiotic-resistant organ-
isms, with reductions in the burden of some MDROs
including vancomycin-resistant Enterococcus (VRE),
methicillin-resistant Staphylococcus aureus (MRSA)
and multidrug-resistant Pseudomonas, but no change
in carbapenem-resistant Enterobacterales (CRE)
and an increase in several other MDROs including
extended-spectrum beta-lactamase (ESBL)-producing
Enterobacterales (ESBL-E) and Candida auris.®> As with
HAI rates, MDRO rates saw a significant setback with
the COVID-19 pandemic.* For Making Healthcare
Safer (MHS) IV, the technical expert panel prioritising
topics for review selected patient safety practices for
reducing burden and transmission of MDROs within
hospital and nursing home environments, including
those centering around the patient microbiome (but
not including antimicrobial stewardship or surveil-
lance testing, the subjects of other MHS reports). Thus,
this systematic review assesses decolonisation, barrier
precautions and room decontamination, patient isola-
tion and patient/staff cohorting based on colonisation
status, in adult patients for the following organisms:
VRE, MRSA, Clostridioides difficile (C. difficile),
multidrug-resistant Enterobacterales (including ESBL-
producing Enterobacterales and carbapenem-resistant
Enterobacterales (CRE)), and the rare but dangerous
invasive yeast, Candida auris (C. auris).

METHODS

This review is an enlarged version of a review done
as part of MHS IV, an AHRQ-supported review of
numerous patient safety practices.” A protocol was
developed for the AHRQ review and posted on the
AHRQ website; additionally, it was registered with
PROSPERO (CRD42023444973). AHRQ partici-
pated in setting the scope of the original review and
in reviewing the final results. A multidisciplinary
technical expert panel advised the project on scope.
This review is reported using the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-
Analyses) criteria. Data have been uploaded to the
Systematic Review Data Repository managed by the
AHRQ and is publicly accessible.®

Data sources and searches

We searched PubMed and the Cochrane Library from
2011 (the time of Making Healthcare Safer II) to
May 2023 for English-language studies assessing the
effectiveness of a transmission-based intervention to
prevent infection with multidrug-resistant organisms.
The full search strategy can be found in online supple-
mental file 1.

Study selection

Two authors independently screened titles, abstracts
and full texts. Eligibility criteria were adult patients
(paediatric-only studies were excluded) with interven-
tions to reduce transmission-based infections compared
with usual care or an alternative transmission-based
precaution that reported clinical outcomes (infection
and surveillance testing status), provider outcomes,
costs or unintended effects, in the inpatient or nursing
home setting (outpatient settings were excluded), with
outcomes measured up to 24 months after discharge
from the index hospitalisation or nursing home stay.
Systematic reviews, randomised trials, non-randomised
trials and observational studies (including case control,
controlled pre-post studies, interrupted time series
and repeated measure studies) were included. As this
was an update of prior work in the Making Health-
care Safer series, our search for new evidence started
with the end of Making Healthcare Safer II in 2011.
In keeping with the AHRQ Rapid Review format, we
looked first for systematic reviews of interventions and
then for new original research studies not included
in those reviews. Uncontrolled pre-post studies of
infection control practices were excluded from orig-
inal research studies as they are too prone to bias to
support causal conclusions, as witnessed by the results
of the English Safer Patients Initiative.” Cross-sectional
studies were excluded because they cannot account for
temporality. Patient safety practices to reduce CLABSI,
CAUTI and ventilator-associated pneumonia (VAP),
as well as promote hand hygiene, were already iden-
tified in Making Healthcare Safer II in 2011 as prac-
tices for which the evidence was sufficient to ‘strongly
encourage’ their adoption at that time. Thus, for this
new edition of Making Healthcare Safer, the technical
expert panel recommended that our review should
focus on other safety practices, so we excluded studies
measuring safety intervention effectiveness using the
outcomes of CLABSI, CAUTTI or VAP, along with hand
hygiene as an intervention. Studies assessing surveil-
lance testing alone or decontamination of reusable
devices are reviewed in other sections of Making
Healthcare Safer. Studies of education-only or respira-
tory precautions or only of surgical site infections
were excluded. Because of the perceived importance
of healthcare context, studies outside of Organization
for Economic Cooperation and Development high-
income countries were excluded.
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Data extraction and quality assessment

Data were extracted by one author-reviewer and
checked by the other. Data extracted included the
study design, condition, intervention type, compar-
ison group, outcome measured, timing and items
needed to complete the Risk of Bias Tools. Prospec-
tive studies were assumed to be conducted in endemic
settings unless a study specified an outbreak setting.
For systematic reviews, we used the criteria developed
by the US Preventive Services Task Force that assesses
reviews as good, fair or poor.® Poor systematic reviews
as determined by these criteria were excluded.®

Data synthesis and grading

The data synthesis first relied on existing good or
fair quality systematic reviews, and then eligible orig-
inal studies published since 2011 and not included in
the systematic reviews or prior versions of Making
Healthcare Safer. The synthesis is narrative; we did
not perform new meta-analyses ourselves (although
many of the included systematic reviews were meta-
analytic). We used the GRADE system to assess the
certainty of evidence for new original studies on an
intervention/outcome. Since much of the evidence
consisted of systematic reviews and meta-analyses, and
not all of these performed their own assessment of the
certainty of evidence, we estimated this ourselves for
each review using the methods described in Making
Healthcare Safer IV, which assesses whether the
included studies were randomised controlled trials
(RCTs) or observational studies or a mix of both,
whether the synthesis of evidence in the systematic
review was meta-analytic or narrative, the heteroge-
neity of the results, what the authors of the systematic
review stated as limitations of their review, and lastly,
how the authors of the systematic review described
their results.

RESULTS

Our search retrieved 715 unique titles and abstracts,
from which we reviewed 128 full-text articles for eligi-
bility (figure 1). We found 39 studies that met our eligi-
bility criteria. Details of the included original research
studies are in table 1, while details of the included
systematic reviews are in table 2, and the overall assess-
ments of the certainty of evidence are in table 3. Risk
of bias assessments for original research studies and
strength of evidence assessments for included system-
atic reviews are in online supplemental file 2. A list of
studies excluded during full text review is included in
online supplemental file 3.

Description of the evidence

We identified nine good or fair quality systematic
reviews about interventions of interest,””"” and an
additional 17 original research studies,®>* across
all settings. We excluded eight systematic reviews

that otherwise met eligibility criteria because they

were superseded by a more recent or more relevant
systematic review™ % or were focused on specific
organisms rather than specific interventions.’”™** We
also excluded five original research studies because

they were included in a systematic review which we
include. ¥

Universal gloving
Our literature search identified one new systemic
review about the effectiveness of universal gloving
on HAIs." This review, which we judged to be good
quality, searched through July 2018 and identified
eight eligible studies, four of which were RCTs and
four were controlled before-and-after studies. Five
studies focused on MRSA and VRE, and the remaining
three studies assessed all HAIs. Six of the eight studies
were done in intensive care units (ICUs). Three studies
were in paediatric populations. Random effects pooled
analyses of all eight studies yielded an incidence rate
ratio of 0.89 (95% CI 0.72, 1.10). Stratified analyses
by study design, intervention type (universal gloving
alone or as part of multiple interventions), pathogen
or ward yielded random effects pooled incidence rate
ratios of between 0.75 and 1.01, with 95% ClIs that
either slightly included or slightly excluded the null.
The strongest observed effect was reduction of infec-
tions in paediatric ICUs. The authors concluded that
‘universal gloving was associated with reduced inci-
dence of HAIs. However, the results were not statis-
tically significant when only RCTs were pooled.” We
assessed the certainty of evidence from this review as
low that universal gloving reduced HAIs.

Our search did not identify any new original research
articles since 2018 related to universal gloving for
prevention and control of MDROs.

Contact precautions

Our search identified six original research articles
that addressed contact isolation."”** %° 2¢ Bessesen
and colleagues performed an observational head-
to-head trial comparing different isolation strate-
gies for hospitalised adults known or found to be
infected or colonised with MRSA, with one strategy
employed at each of two Veterans Affairs (VA)
hospitals."” One hospital observed contact isolation
for MRSA-positive patients with use of gown and
gloves for all encounters, while the other hospital
observed upgraded standard precautions for MRSA-
positive patients including gloves for all encounters
with addition of a gown only if anticipating contact
with blood, body fluids, secretions or excretions.
During the 4-year study, the authors saw no differ-
ence in MRSA acquisition nor in MRSA hospital-
acquired infection. Gown costs were estimated
from total consumption and a standard unit price,
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Citations identified through
database searching (PubMed and

Additional citations identified
through other sources

Cochrane) n=14
n=701
s 3 Excluded citations
Citations screened {(not comparative study, not
n=715 systematic review, or not on topic)
n=421
Abstracts screened Excluded abstracts
n=294 N {(not comparative study, not
7| systematic review, or not on topic)
n=166
A
Full text articles assessed
for eligibility
n=128
Full-text publications excluded, with reasons
(n=71)
Background Population: n =6
n=10 Intervention: n = 20
— | Outcome:n=9

Scoping Review:

Timing:n=2

n=1

Toolkits: n=7

Setting:n =1
Study Design: n =11
Language:n =0
Assessed in MHS ITor Il: n =11
Not astudy question of interest: n =11
Duplicate: n =0

n=39

Studies meeting inclusion criteria

Studies meeting inclusion criteria but not used
as evidence
(n=13)

A 4

Original research studies cited in an included
systematic review: n =15
Systematic reviews meeting inclusion but
superseded by another systematic review: n =38

Systematic reviews Original research
included as evidence articles included as
n=9 evidence
n=17

Figure 1  Literature flow. MHS, Making Healthcare Safer.

resulting in differences in annual gown costs of
$183 609 and $25 812 at the two hospitals.

Four studies examined the effect of single-bed rooms
versus multibed rooms. A cluster-randomised trial
compared contact precautions (including gloves and
gowns before any contact, and single-bed rooms where
possible) to standard precautions (gloves and other
barriers as needed before contact with wounds or body

fluid, hand hygiene) for preventing ESBL-producing
Enterobacterales in four European university hospi-
tals.”® Over 2 Y years, there was no difference in the
incidence rate ratio of colonisation or infection (0.99,
95%CI 0.80 to 1.22). Another cluster-randomised
RCT in 16 Dutch hospitals found the difference
between isolating ESBL-producing Enterobacterales-
positive patients in a single-bed room versus leaving
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Table 1  Evidence table for the included original research studies
Author, year Setting
Study design Sample size Intervention Outcome

Amirov et al, 2017
Controlled before-and-after'®

Bessesen et al, 2013
Non-randomised head-to-head®

Biehl et al/, 2019
Controlled before-and-after
Biehl et al, 2022

Controlled before-and-after?'

Camus et al, 2011
Randomised trial2

Evans et al, 2023

Prospective cohort analysis of non-
randomised discontinuation of study
practices”

Huang et al, 2019
RCT*

Kluytmans et a/, 2019

Cluster-randomised crossover trial®

Maechler et al, 2020
Cluster-randomised crossover trial?®

Martin et al, 2018

Discontinuation study (before/after)?’

McConeghy et al, 2017
RCT*

Mehta et a/, 2013
Controlled before-after study®

Tertiary care hospital geriatric
complex continuing care unit
n=122

Two acute care hospitals (one
per arm)

n=193300 patient-days across
both sites

Oncology wards at 4 German
hospitals
n=2968 patients

Oncology wards at 4 German
hospitals
n=3079 patients

2 ICUs in France
n=500 patients

123 acute care hospitals (all
Veterans Affairs hospitals)
n=5225 174 patient-days

24 centres (17 acute care
hospitals, 7 nursing homes)
n=2121 patients

16 Dutch hospitals, medical and
surgical wards
n=10220

4 European university hospitals
n=16091 patients in contact
isolation period vs 16 163 patients
in standard precaution

Single acute care hospital
n=50268 patient-days

10 nursing homes (5 per arm,
pair-matched)
n=861 patients at baseline

Single orthopaedic acute care
hospital; control affiliated
university hospital

n=128 187 patient-days

Chlorhexidine bathing 6 days/week

Contact isolation (gloves+gown for
all room entry) vs upgraded standard
precautions for patients infected/
colonised with MRSA

Single room contact precautions

Single room contact precautions

Addition of contact precautions
(consistent gowns and gloves when
entering the room, face masks for
close contact) and decontamination to
standard precautions

Optional discontinuation of any
combination of MRSA active surveillance
testing (AS), contact precautions for
patients colonised with MSRA (CPC)
and/or contact precautions for patients
infected with MRSA (CPI)

Post-discharge hygiene education alone
vs patient education plus decolonisation
protocol (chlorhexidine mouthwash and
bathing; nasal mupirocin) repeated in
5day courses twice per month for 6
months

Contact precautions in a single room vs a

multiple-bed room

Contact isolation targeting ESBL-E
infection or colonisation, vs universal
standard precautions

De-implementation of routine use of

contact isolation precautions for patients

infected or colonised with MRSA/VRE

Multicomponent infection prevention/
control bundle with staff education,
sanitation supplies, and auditing/
feedback dashboard for infection rates
and high-touch surface cultures

Preoperative decolonisation protocol
(nasal mupirocin and chlorhexidine)

plus screening MRSA nares cultures to
determine perioperative antibiotic choice

Over 12 months, there was one new case of MRSA
acquisition in the intervention group and seven new
cases in the control group, this difference was not
statistically significant.

No difference in incidence density of MRSA
acquisition (1.58 vs 1.56 per 1000 patient-days,
p=0.98) or MRSA hospital-acquired infection (0.19
vs 0.16 per 1000 patient-days, p=0.78). Annual
gown costs higher with contact isolation strategy
($183609 vs $25812).

No statistically significant effect on acquisition of
multidrug-resistant £. coli

VRE acquisition was 4.8% lower in single room
contact precaution patients but this was less than
the a priori 10% non-inferiority

No difference in MRSA acquisition between groups
(5.3% vs 6.5%, p=0.58)

Higher hospital-wide MRSA HAI rate when all three
practices were discontinued (no AS or CPC or CPI)
compared with continuing any combination of
these practices (0.22 vs 0.09-0.12 MRSA HAI per
1000 patient-days, p<0.05). Discontinuing all three
practices (no AS or CPC or CPI) showed higher rates
of MRSA HAI compared with continuing all three
practices (AS+CPC+CPI) both in ICU patients (0.65
vs 0.20 MRSA HAI per 1000 patient-days, p<0.001)
and non-ICU patients (0.12 vs 0.07 MRSA HAI per
1000 patient-days, p=0.01).

Over 1-year follow-up, decolonisation arm had 30%
lower risk of MRSA infection (HR 0.70; 95% Cl

0.52 t0 0.96); 29% lower risk of hospitalisation for
MRSA infection (HR 0.71; 95% CI 0.51 to 0.99);
17% lower risk of any clinically judged infection
(HR 0.83; 95% CI 0.70 to 0.99); 24% lower risk of
hospitalisation for any infection (HR 0.76; 95% Cl
0.62t0 0.93)

No significant difference in transmission of
ESBL producing Enterobacterales to at least one
wardmate (3.4%, 90% Cl -0.3to 7.1)

Incidence density of ward-acquired ESBL-E was

6.0 events per 1000 patient-days at risk during
periods of targeted contact isolation, vs 6.1 per
1000 patient-days at risk during periods of universal
standard precautions (p=0.9710) corresponding to
incidence rate ratio of colonisation or infection of
0.99 (95% C10.80 to 1.22)

Non-infectious adverse events (postoperative
respiratory failure, haemorrhage/haematoma,
thrombosis, wound dehiscence, pressure ulcers, falls/
trauma) decreased by 19% (12.3 to 10.0 per 1000
admissions, p=0.022) (infectious outcomes were
included in a relevant review)

Total infections 2.9 vs 4.1 per 1000 patient-days
(p=0.03), lower respiratory infections 0.8 vs 1.5

per 1000 patient-days (p=0.01); neither reached
significance in difference-in-difference analysis. No
difference in antibiotic starts or hospitalisation.
Clinical MRSA culture prevalence density reduced
from 1.23 to 0.83 per 1000 patient-days (p=0.026),
while control hospital saw no difference over
timeframe (1.27 vs 1.24 per 1000 patient-days,
p=0.787)

Continued
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Table 1 Continued

Author, year Setting

Study design Sample size Intervention Outcome

Miller et al, 2023 28 nursing homes (14 in each Routine bathing vs use of chlorhexidine  Comparing intervention to baseline period, risk
Cluster RCT* arm) for all bathing/showering plus nasal ratio for transfer to hospital due to infection was

n=3109607 patient-days

week)

Mitchell et a/, 2019

Stepped wedge randomised trial*’

n=4.8 million bed days

Popiel and Miller, 2014
Time series analysis of discontinuation®?

Single acute care urban tertiary
teaching hospital
n=23000 admissions per year

Ray et al, 2017
RCT

15 acute care hospitals (one
additional hospital dropped out
after randomisation)

Sample size not reported

Salgado et al., 2013
RCT*

3 intensive care units
n=614 patients

povidone-iodine twice daily for 5day
periods (at admission then every other

11 acute care hospitals in Australia A bundle of environmental cleaning
strategies

Change from all admissions screened for
VRE to only admissions from endemic
hospitals or admitted to high-risk wards;
reduced contact tracing, discontinuation
of cohorting, no VRE surveillance

Fluorescent marker room cleaning
monitoring and feedback for
environmental services staff, vs usual care protocol implementation

Copper vs standard materials for high-
touch surfaces in ICU rooms

1.00 in routine care arm vs 0.83 in decolonisation
arm (difference in risk ratio 16.6%, 95%Cl 11.0
to 21.8), and risk ratio for transfer to hospital for
any reason was 1.08 in routine care arm vs 0.92 in
decolonisation arm (difference in risk ratio 14.6%,
95%C1 9.7 to 19.2).

VRE infections were reduced with the intervention
(RR 0.63,95% Cl 0.41 t0 0.97), there was no
statistically significant change in MRSA or C. difficile
infection

Coincident with discontinuation of practices

there was an increase in the number of new VRE-
colonised patients per quarter from <40to >100
(statistical testing not performed); definite clinical
VRE infections rose from 0 to 5 cases per quarter to
10 cases per quarter

No difference in hospital-acquired C. difficile
infection at intervention hospitals before vs after

Hospital acquired infection and/or acquisition

of MRSA or VRE colonisation 7.1% vs 12.3%
(p=0.02); hospital-acquired infection only 3.4% vs
8.1% (p=0.013)

CDC, Centers for Disease Control and Prevention; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; RCT, randomised controlled trial; VRE, vancomycin-

resistant Enterococcus.

such patients in multiple-bed rooms, in terms of
acquisition of the organism by a ward mate, to be 4%
vs 7% among 693 infected patients and 9527 ward
mates.” This difference did not exceed the a priori
non-inferiority margin of 10%. The third and fourth
studies, by the same investigators, were both 12-month
controlled before-and-after studies on oncology wards
(intervention wards used single rooms with gowns
and gloves for patients infected or colonised with the
studied MDRO, while control wards allowed shared
rooms and did not use gowns and gloves), with one
finding a 4.8% difference in VRE acquisition between
the single bed and multi-bed strategies, a value that
was statistically significant but below the 10% non-
inferiority margin*' and the other finding no differ-
ence in multidrug-resistant E. coli acquisition rates.”’

Another RCT in two ICUs in France compared
additional contact precautions (the consistent use of
gowns and gloves when entering the patient’s room,
face masks also required for close contact and patient
decolonisation, primarily chlorhexidine) to stan-
dard precautions in 500 targeted patients over 1 year
and found no difference in the acquisition of MRSA
between groups (5.3% vs 6.5%, p=0.58).%

Studies of the discontinuation of contact precautions

Our literature search identified one recent systematic
review and meta-analysis of studies that assess the
effect of discontinuing contact precautions,'® along

with two newer studies not included in that systematic
review.” %’

The systematic review,'* which we judged to be
of good quality, searched through August of 2019
and identified 17 studies meeting eligibility criteria.
Eligible studies had to evaluate the discontinuation
of routine use of contact precautions for patients
infected or colonised with MDROs. Fifteen studies
targeted hospital-wide MRSA or VRE or both. All
but two studies were from the USA, and 15 of the 17
studies were pre-post assessments. Ten of the studies
reported compliance with an alternative intervention
after discontinuation of contact precautions, such as
hand hygiene, bare-below-the-elbows or chlorhexi-
dine bathing. About half of studies continued active
microbial surveillance. In a pooled analysis of data
from 11 studies, there was no statistically significant
difference in MRSA infection rates (random effects
risk ratio=0.84 in favour of stopping contact precau-
tions, 95% CI 0.71, 1.01) with negligible heteroge-
neity and no evidence of publication bias. We assessed
the certainty of evidence from this review as low.

An additional study®” assessed reportable non-
infectious adverse events that can be influenced by
provider contact time, which were defined as post-
operative respiratory failure, haemorrhage/haema-
toma, thrombosis, wound dehiscence, pressure ulcers
and falls/trauma. Comparing rates prior to and after
discontinuation of routine contact precautions, there
was no change in the rate of infectious adverse events
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Non-infection-related impact of isolation precautions
on patients in isolation. Pooled analysis of 8 studies
showed an SMD of 1,45 (95% Cl 0.56, 2.34) for
more anxiety in patients who were isolated. Pooled
analysis of 8 studies showed an SMD of 1.28 (95%
C10.47, 2.09) for more depression in patients who
Prevention of MDROs in long-term care setting,

as well as horizontal strategies (admin, barrier
precautions, training, environmental cleaning,
performance improvement, source control). 11
studies included in the meta-analysis showed no
statistically significant benefit for MRSA outcomes.
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whereas the rate of non-infectious adverse events
decreased a statistically significant 19%.

Finally, a recently published prospective cohort
study compared differences in hospital-acquired
MRSA infection in all 123 VA acute-care hospitals
nationally, after each facility was given the policy
choice to discontinue use of any combination of active
surveillance testing for MRSA, contact isolation for
patients colonised with MRSA and contact isolation
for patients infected with MRSA (in the context of
the COVID-19 pandemic, in consideration of need
to conserve isolation supplies).” Over the 24-month
study period and a total of 5225174 patient-days,
higher facility-wide rates of MRSA HAI were observed
when all three of these practices were discontinued
(0.22 MRSA HAI per 1000 patient-days with none of
these three practices) compared with continued use
of any combination (or all) of these practices between
0.09 and 0.12 MRSA HAI per 1000 patient-days
depending on which practices were continued. The
increase in MRSA HAI infections with discontinua-
tion of safety practices persisted after accounting for
facility complexity and current COVID-19 rates.

Overall, we conclude that the evidence is mixed for
routine use of contact precautions for reducing MDRO
infections, and certainty of evidence is low.

Cohorting
Our literature search identified one new system-
atic review about the effect of cohorting patients to
reduce the incidence of C. difficile infections and
other MDRs.” Cohorting was defined as the practice
of grouping together patients who are colonised or
infected with the same organism to confine their care
to one area, to prevent contact with other susceptible
patients. This review, which we judged to be of good
quality, searched through November 2019 and iden-
tified 87 eligible studies. There were no randomised
trials, with 49 studies being retrospective and 35
studies being controlled before-and-after studies.
Most studies (74%) were performed in the setting
of an outbreak. About 25% of studies were about
MRSA, 25% were about CRE or ESBL-E, about 20%
were about VRE and 7% were about C. difficile. Sixty
per cent of studies cohorted both patients and staff.
In general, studies reported decreased rates of infec-
tion after implementing cohorting, although this was
not always the case, and the cohorting was usually
implemented along with other infection control prac-
tices simultaneously rather than as a single interven-
tion. The authors concluded that cohorting ‘may be
a reasonable strategy as part of multimodal approach
to curtailing MDRO outbreaks,” and we assessed the
certainty of evidence from this review as low. They
added, ‘whether it is an effective strategy in endemic
situations is unknown.’

Our search identified one new original research
article related to patient cohorting for prevention
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Table 3 Overall assessments of the certainty of evidence

Conclusion from MHS IV

Strength of evidence

Universal gloving has a small effect in reducing MDRO infections (mostly in the ICU setting)
Contact precautions have mixed evidence for effect in reducing MDRO infections
Cohorting may be part of an effective strategy to reduce MDRO infections in the setting of an outbreak

Environmental decontamination may reduce MDRO infections
Patient decolonisation can reduce MDRO infections in certain populations

Bundled infection prevention and control practices in long-term care facilities have at most a small effect on rates of MDRO

infections in the endemic setting

Infective isolation makes little difference to psychological outcomes, but where it does make a difference this is primarily

negative

Non-infectious adverse events may be higher in patients in infective isolation compared with patients who are not isolated

Low
Low
Low
Low
Moderate
Low

Low

Very Low

ICU, Intensive care unit; MDROs, multidrug-resistant organisms; MHS, Making Healthcare Safer.

and control of MDRO. A time series study from 2000
to 2013, at an urban tertiary teaching hospital in
Montreal, found that on relaxation of screening poli-
cies and eliminating cohorting for patients with VRE,
there was an immediate large increase in the number
of patients colonised with VRE, although the number
of patients with clinical infections rose only slightly.*>
This increase in patients colonised with VRE cannot be
attributed only to cessation of cohorting (the practice
of interest to our review) since this change was made
simultaneously with reduction in screening practices.

Environmental decontamination
Our literature search identified one recent systematic
review about the effects of different types of envi-
ronmental decontamination.'” This review searched
through March 2020 to find studies of automated tech-
nologies using either hydrogen peroxide or UV light
on cleaning and disinfecting hospital surfaces. This
review, which was judged to be good quality, identified
43 eligible studies. About half of studies used peroxide
and the other half used UV light, although all studies
in the setting of an outbreak used peroxide. Almost all
studies were before-and-after studies. There was one
cluster randomised trial, and four controlled studies.
Pathogens were a mix of organisms including MRSA
(37% of studies), VRE (33% of studies), C. difficile
(63% of studies), CRE, MDRO in general and other
organisms. The synthesis of results was narrative. The
authors discussed in detail a number of methodolog-
ical and analytical problems with studies, including the
use of historical controls, the problem of confounders,
the role of industry in funding studies and how data
were analysed. While the authors concluded that there
were clear benefits from non-touch devices in vitro,
they concluded that there was insufficient evidence of
benefit with automated room cleaning technologies
over-and-above traditional manual cleaning practices,
which they recognised as already established as effec-
tive. We assessed the certainty of evidence for their
conclusions from this review as low.

Our search identified two original research arti-
cles addressing environmental decontamination,’® *

as well as another original research article that used
antimicrobial materials to address room contamina-
tion.”* Ray and colleagues performed an RCT* in
15 acute care hospitals which compared usual care
with a fluorescent-marker-based feedback protocol
for staff performing hospital room cleaning, with an
emphasis on rooms used for C. difficile isolation. The
intervention arm showed a marked decrease in post-
discharge high-touch surface C. difficile culture rates
between baseline and intervention periods, but room
surface cultures after cleaning did not correlate with
rates of C. difficile infection. Mitchell and colleagues
in a stepped-wedge trial implemented a bundle of
environmental cleaning policies (Researching Effec-
tive Approaches to Cleaning in Hospitals) in 11 hospi-
tals and a modelled analysis showed the intervention
caused a relative risk reduction in VRE of 0.63 (95%
CI0.41, 0.97) but no statistically significant changes in
MRSA or C. difficile infection.”!

Salgado and colleagues performed a small RCT** in
three ICUs, comparing copper versus standard mate-
rials for several high-touch surfaces in patient rooms,
predicated on the antimicrobial properties of copper
as a strategy for environmental self-decontamination.
The primary outcome was a composite of any hospital
acquired infection or acquisition of MRSA or VRE
colonisation, which occurred in 7.1% of patients (21
of 294) in the intervention arm vs 12.8% (41 of 320)
in the control arm (p=0.02).

Overall, we conclude that certain environmental
decontamination practices may reduce MDRO infec-
tions, but certainty of evidence is low.

Patient decolonisation

Our literature search identified three systematic
reviews of use of chlorhexidine wipes or baths to
reduce hospital-acquired infections.'® ** '* The review
with the largest number of included studies, which we
judged to be of good quality, searched through 2014
for studies of daily chlorhexidine bathing in the ICU."
The search yielded 15 eligible studies, of which 3 were
RCTs. Although primarily focused on the outcomes of
CLABSI, CAUTI and VAP, the review did identify one
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RCT and seven controlled before-and-after studies
that measured MRSA acquisition and a pooled analysis
resulted in a fixed effects risk ratio of 0.78 (95% CI
0.68, 0.91) favouring chlorhexidine bathing. A pooled
analysis of one RCT and four controlled before-and-
after studies that measured VRE acquisition showed a
random effects pooled risk ratio of 0.56 (95% CI 0.31,
0.99) favouring chlorhexidine bathing. The authors
concluded that their data ‘suggest that daily chlorhex-
idine bathing can significantly reduce healthcare asso-
ciated infections in ICUs.” We assessed the certainty of
evidence of this conclusion as Low. Their conclusion
was consistent with the conclusions of the two older
reviews,'’ 1 that also assessed use in long term care
and obstetric contexts in addition to the ICU.

Our search identified three original research articles
addressing decolonisation' ** # and a fourth study
published after our search date was identified during
peer review.’’ Two multi-site randomised trials, one
that included both acute hospitals and nursing homes
and the other limited to nursing homes, both found
in decolonised patients statistically significant 15-30%
reductions in MRSA infection at 12-18 months
follow-up.** ** A time series study in a single ortho-
paedic hospital found a reduction in the prevalence
density of clinical MRSA cultures.”” One small single
site controlled before-and-after study in a geriatric
complex continuing care unit found one new MRSA
infection in the chlorhexidine bathing group and seven
new infections in the control group, but this difference
was not statistically significant.'®

Overall, we conclude that patient decolonisation
can reduce MDRO infection in certain populations
(moderate certainty of evidence).

Adverse effects of isolation

Our literature search identified one newer review on
the adverse effects of isolation.'® This review, which
we judged to be fair quality, searched through 2018 for
studies assessing the psychological or non-psychological
outcomes in adult patients who are in infectious isola-
tion. The search identified 26 studies meeting eligi-
bility criteria. The synthesis was both meta-analytic for
the outcome of anxiety and depression, and narrative
for all other outcomes. Eight studies reporting anxiety
outcomes that were pooled using a random effects
model yielded a SMD of 1.45 (95% CI 0.56, 2.34)
favouring higher anxiety when isolated. Similarly, for
depression, the random effects pooled estimate of 8
studies yielded a standardised mean difference of 1.28
(95% CI 0.47, 2.09), meaning more depression when
isolated. For the remaining psychological outcomes,
such as confusion, worry and sadness, the authors note
that ‘infective isolation precautions make little differ-
ence to psychological outcomes, [but] where it does
make a difference this is primarily negative’. Similarly
for non-infectious outcomes like falls, pressure ulcer,
‘any adverse event’, the authors conclude ‘there was

a trend’ for more ‘errors’ to occur in those who are
isolated. They concluded that ‘there are a number of
apparently negative aspects to contact precautions’.
We assessed the certainty of evidence from this review
as Low for their conclusions.

Our search did not identify any new original research
articles related to adverse effects of isolation precau-
tions used for prevention and control of MDROs, aside
from the study by Martin and colleagues, discussed
before, which showed a statistically significant 19%
decrease of non-infectious adverse events (including
falls, pressure ulcers, haemorrhage, thrombosis, post-
operative respiratory failure and wound dehiscence)
after halting routine use of isolation precautions for
MRSA and VRE.?” Overall, we conclude that non-
infectious, non-psychological adverse events may be
higher in patients in infective isolation compared with
patients who are not isolated, but certainty of evidence
is very low.

Infection prevention and control practices in nursing
home settings

We identified one newer systematic review'’ and one
new original research study?® (in addition to the patient
decolonisation study’® discussed earlier). Details are in
online supplemental file 4.

Certainty of evidence

The certainty of evidence assessments is almost
entirely based on the included systematic reviews. The
newly included original research studies supported the
conclusions of the systematic reviews. In one instance,
we uprated the systematic review strength of evidence
from low to medium based on a new large, randomised
trials showing benefit for patient decolonisation. See
table 2. See the online supplemental appendix for
details of our classification of the certainty of evidence
for the systematic reviews that did not themselves
report this.

DISCUSSION

The principal finding from this review is that there
are studies that have found it possible to reduce the
transmission of MDROs in patients in hospitals and
nursing homes, but with one exception, the certainty
of evidence is at best low. The one exception is patient
decolonisation, for which there are systematic reviews
and two large multi-site RCTs that together are suffi-
cient to conclude with moderate certainty that patient
decolonisation, with chlorhexidine bathing and in
some cases with nasal antibacterials as well, reduces
infection and transmission of MDROs (primarily
MRSA and to a lesser extent VRE) in certain patient
populations, notably ICU patients and nursing home
patients. For other safety practices and organisms, the
evidence is low certainty, meaning we expect future
research to change our estimates of effect.
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These findings add to the conclusions from earlier
versions of Making Healthcare Safer. A review in
MHS 1 (2001) found significant reductions in VRE
and C. difficile with barrier precautions to prevent
HAI with VRE, but noted that in many of the reviewed
studies the barrier precautions were part of a bundle,
making the independent effect of barrier precautions
uncertain. Furthermore, most studies were pre-post
studies of limited ability to make causal inferences.
In MHS II, again limited to VRE and C. difficile,
the review noted that as in MHS I most studies were
bundles, making causal inferences of any particular
component hard to assess. Overall, MHS II concluded
that the evidence was mixed in terms of interventions
for reducing colonisation or infections. In MHS III
(2020), the review concluded that adding peroxide
or UV light to standard cleaning was associated with
reduced C. difficile infections, although study quality
was low and the only RCT found no difference in
infection rates. The MHS III review also concluded
that there was high level evidence supporting the use
of chlorhexidine bathing to reduce VRE and MRSA,
though the majority of the literature addressed ICU
patients.

Perhaps the most controversial aspect of the newer
evidence concerns the use of barrier precautions—
single room isolation, gowns and gloves—for patients
infected or colonised with MDROs. While the causal
pathway for why such precautions should be effective
is very strong, over the past decade there are numerous
published case reports and even a meta-analysis of case
reports of institutions discontinuing routine contact
precautions and finding no increase in MRSA or VRE
infections. Such results are, however, at increased
likelihood of publication bias, as institutions whose
HAI rates increased may be less likely to publish such
results. Counterbalancing these null findings is one
of the largest studies of multiple hospitals in a single
healthcare delivery system, where the discontinuation
of barrier precautions was associated with an increase
in MRSA infection rates, with stepwise increases as the
number of barrier precautions were discontinued.”
Interpretation of these results is complicated by the
fact that the barrier precautions were relaxed in the
face of the COVID pandemic. Analytical attempts to
control for pandemic-related hospital-wide disruption
yielded results similar to that of the main analysis,
but whether hospital-wide COVID rates are a valid
proxy for this disruption is not established. Without
randomised or high-quality observational studies (eg,
a stepped wedge study of de-implementation) it will
be impossible to reach strong conclusions about the
benefit or lack thereof for barrier precautions for
patients infected or colonised with MDROs.

This review is subject to the usual limitations of all
such reviews: limitations in the source material and
limitation in how we performed the review. With
regard to the former, by far the greatest limitation is the

reliance on observational data as the evidence for the
benefit, or lack of benefit, and potential adverse effects
of any of these patient safety practices. Since MHS 1
there are more randomised trials of MDRO infec-
tion prevention interventions, but much more needs
to be done—as an example, the question above about
barrier precautions. Another limitation of the source
literature is that many studies did not specify whether
the study was conducted in the endemic or outbreak
setting; most were presumed to be performed in the
endemic setting. Thus, our conclusions are relevant
to the endemic setting, and generalising these results
to the outbreak setting should be done with caution.
With respect to our conduct of the review, the biggest
limitation is that we did not ourselves re-review all
the studies included in the existing meta-analyses, in
other words we took the results of those reviews ‘at
face value’. To re-review all of the studies and reach
our own independent conclusions was beyond our
resources and also negates the supposed contributions
of systematic reviews in the advancement of knowl-
edge. A second limitation is that our search was limited
to PubMed and Cochrane and restricted to publica-
tions in English. A third limitation is that screening
and selection of studies was not performed in a
blinded fashion between the two authors. Finally, a
fourth limitation is that some of the interventions were
assessed as part of bundles, and therefore, the decision
to include such a study and assign it the category of
the most-likely-active component versus excluding the
study required judgement, which other experts may
decide differently.

In summary, we found moderate certainty evidence
that patient decolonisation can reduce infection with
MDROs, although to date the evidence is restricted
to certain higher risk patient populations and mostly
about MRSA and VRE. Universal gloving, cohorting
and environmental cleaning may be effective, but
effect sizes are small and certainty of evidence is low.
Contact precautions, meaning use of gowns, gloves
and single room isolation for infected or colonised
patients, has mixed evidence, and there is a very low
certainty signal that isolation may be associated with
some adverse health effects.
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Databases:
=  PubMed
= Cochrane Library
Limits:
= 2011 - May 2023
= English
Results:

= # of results post-dup for review: 701

Table S-4. PubMed search strategy

Set | Search
#

# of
Results

1 "cross infection*"[ti] OR "cross transmission*"[ti] OR "health care associated infection*"[ti]] OR
"healthcare associated infection*"[ti] OR "nosocomial infection*"[ti] OR "healthcare acquired
infection*" OR "health care acquired infection*"[ti] OR "hospital acquired infection*"[ti]] OR
"hospital associated infection*"[ti] OR "hospital onset infection*"[ti] OR "vancomycin resistan*"[ti]
OR "methicillin resistan*"[ti] OR "MRSA"[ti] OR "VRE"[ti] OR "antibiotic resistant bacter*"[tiab]
OR "Cross Infection"[Mesh] OR "Gram-Positive Bacterial Infections"[MAJR] OR "Methicillin-
Resistant Staphylococcus aureus"[MAJR] OR "Vancomycin-Resistant Enterococci" OR
"Vancomycin Resistance"[Mesh] OR "Disease Transmission, Infectious"[MAJR] OR "healthcare
infection"[ti:~3]

514,538

2 "contact precaution*"[ti] OR "isolation precaution*" OR "patient isolat*"[ti] OR "infection
control*"[ti] OR "infection prevent*"[ti] OR "universal precaution*"[ti] OR "transmission
precaution*"[ti] OR "transmission prevent*'[ti] OR "transmission reduction*"[ti] OR "preventative
measure*"[ti] OR "Infection Control"[MAJR] OR "Patient Isolation"[MAJR] OR "Universal
Precautions"[MAJR] OR "infection prevention"[ti:~2] OR "infection prevention control"[ti:~3]

48,891

3 inpatient*[tiab] OR hospital*[tiab] OR "healthcare facilit*"[tiab] OR Inpatients[Mesh] OR
Hospitalization[Mesh] OR Hospitals|]MAJR] OR "Health Facilities"[Mesh:NoExp]

1,810,459

4 Austria* OR Australia* OR Belgium OR Canada* OR Denmark OR Finland OR France OR
French OR German* OR Ireland OR Irish OR Italy OR Italian OR Netherlands OR Norway OR
Portugal OR Spain OR Spanish OR Sweden OR "New Zealand" OR "United Kingdom" OR
"United States" OR "UK" OR "USA" OR England OR Scotland OR Wales

5 #1 AND #2 AND #3 AND #4

6,042

6 #5 AND (2011/01/01:2023/12/31[Date - Publication] AND "english"[Language]) AND
("systematic review"[ti]] OR "randomized controlled"[ti] OR evidence[ti] OR "meta analysis"[t]] OR
comparativestudy[Filter] OR evaluationstudy[Filter] OR guideline[Filter] OR meta-analysis|[Filter]
OR multicenterstudy|[Filter] OR practiceguideline[Filter] OR preprint[Filter] OR
randomizedcontrolledtrial[Filter] OR review[Filter] OR systematicreview[Filter] OR
validationstudy[Filter])

698

Table S-5. Cochrane Library search strategy
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Set

Search

# of
Results

("cross" NEXT infection*):ti,ab,kw OR ("cross" NEXT transmission*):ti,ab,kw OR ("health care
associated" NEXT infection*):ti,ab,kw OR ("healthcare associated" NEXT infection*):ti,ab,kw
OR ("nosocomial" NEXT infection*):ti,ab,kw OR ("healthcare acquired" NEXT
infection*):ti,ab,kw OR ("health care acquired" NEXT infection*):ti,ab,kw OR ("hospital
acquired" NEXT infection*):ti,ab,kw OR ("hospital associated" NEXT infection*):ti,ab,kw OR
("hospital onset" NEXT infection*):ti,ab,kw OR (healthcare NEAR infection*):ti,ab,kw OR
("vancomycin" NEXT resistan*):ti,ab,kw OR ("methicillin® NEXT resistan*):ti,ab,kw OR
MRSA:ti OR VRE:ti,ab,kw OR ("antibiotic resistant" NEXT bacter*):ti,ab,kw OR ("gram-
positive bacteria" NEAR infection*):ti,ab,kw OR "methicillin-resistant staphylococcus
aureus":ti,ab,kw OR ("infectious disease" NEAR transmission*):ti,ab,kw

5,487

("contact" NEXT precaution*):ti,ab,kw OR ("isolation" NEXT precaution*) OR ("patient" NEXT
isolat*):ti,ab,kw OR ("infection" NEXT control*):ti,ab,kw OR ("infection" NEXT
prevent*):ti,ab,kw OR ("universal" NEXT precaution*):ti,ab,kw OR ("transmission" NEXT
precaution®):ti,ab,kw OR ("transmission" NEXT prevent*):ti,ab,kw OR ("transmission" NEXT
reduction®):ti,ab,kw OR ("preventative" NEXT measure*):ti,ab,kw OR ("prevention" NEAR
measure*):ti,ab,kw OR (safety NEAR precaution*):ti,ab,kw OR (safety NEAR
measure*):ti,ab,kw

15,142

inpatient™:ti,ab,kw OR hospital*:ti,ab,kw OR ("healthcare" NEXT facilit*):ti,ab,kw OR ("health
care" NEXT facility*):ti,ab,kw OR ("health" NEXT facilit*):ti,ab,kw OR hospitaliz*:ti,ab,kw

241,220

Austria*:ti,ab,kw OR Australia*:ti,ab,kw OR Belgium:ti,ab,kw OR Canada:ti,ab,kw OR
Canadian*:ti,ab,kw OR Denmark:ti,ab,kw OR Finland:ti,ab,kw OR France:ti,ab,kw OR
French:ti,ab,kw OR German*:ti,ab,kw OR Ireland:ti,ab,kw OR Irish:ti,ab,kw OR ltaly:ti,ab,kw
OR ltalian:ti,ab,kw OR Netherlands:ti,ab,kw OR Norway:ti,ab,kw OR Portugal:ti,ab,kw OR
Spain:ti,ab,kw OR Spanish:ti,ab,kw OR Sweden:ti,ab,kw OR "New Zealand":ti,ab,kw OR
"United Kingdom":ti,ab,kw OR "United States":ti,ab,kw OR "UK":ti,ab,kw OR "USA":ti,ab,kw
OR England:ti,ab,kw OR Scotland:ti,ab,kw OR Wales:ti,ab,kw

196,416

#1 AND #2 AND #3 AND #4

189

#5
Limits: 2011 — 2023
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Supplementary File 2. Risk of Bias of Included Studies

Table S-1. Cochrane risk of bias for randomized-controlled trials.

Author, year Random Allocation Blinding Blinding Selective Attrition
Concealment | Participants | Outcome Reporting
Assessment
Amirov 2017 [1] Unclear risk | Unclear risk High risk Low risk Low risk Unclear risk
Camus 2011 [2] Low risk Low risk High risk Low risk Low risk Low risk
Huang, 2019 [3] Low risk Unclear risk High risk Low risk Low risk Unclear risk
Kluytmans 2019 Low risk Low risk High risk Low risk Low risk Low risk
[4]
Maechler 2020 [5] | Low risk Unclear risk High risk Low risk Low risk Low risk
McConeghy, Unclear risk | Low risk High risk Low risk Low risk Unclear risk
2017 [6]
Miller, 2023 [7] Low risk Unclear risk High risk Low risk Low risk Low risk
Mitchell, 2019 [8] | Low risk Low risk High risk Low risk Low risk Low risk
Ray, 2017 [9] Unclear risk | Low risk High risk Low risk High risk Unclear risk
Salgado, 2013 Low risk Unclear risk Low risk Low risk Low risk Unclear risk
[10]
Table S-2. ROBINS-I risk of bias assessment for non-randomized studies
Author, Confoundi Selectio Bias in Bias due to Bias Bias in Bias in
year ng n bias measuremen | deviations due to measuremen | selection
t from missin | t of of the
classification | intended g data outcomes reported
of intervention result
interventions | s
Bessesen, High High Low Unclear Unclear | Low Low
2013 [11]
Biehl, 2019 | Unclear Low Low Unclear Low Low Low
[12]
Biehl, 2022 | Unclear Low Low Unclear Low Low Low
[13]
Evans, Unclear Low Low High Low Low Low
2023 [14]
Martin, Unclear Low Low Unclear Unclear | Low Low
2018 [15]
Mehta, High High Low Unclear Unclear | Low Low
2013 [16]
Popiel, Unclear Low Low Unclear Low Low Low
2014 [17]
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Table S-3. SOE table for systematic reviews of selected transmission-based precaution interventions effectiveness

from 1 RCT

vitro...insufficient
objective assessment
of patient outcome...”

Author, Year Type of Evidence | Number of Heterogeneity Limitations Authors’ Assigned Strength
Included Studies (either quantitative | Reported by Conclusions of Evidence
estimate or Authors
narrative from the
authors)
Abad, 2020 [18] Narrative All observational Heterogeneity “...studies were too | “cohorting may be Low for outbreaks,
heterogenous...” reasonable....in Very Low for
outbreaks” “whether endemics
effective in endemics
is unknown”
Afonso, 2013 [19] Narrative 15 studies, 9 RCTs | Heterogeneity “...studies were “use of chlorhexidine | Low
included regardless | wipes prevent the
of the research spread of pathogens,
methodology including multidrug
utilized...a more resistant strains”
severe approach
would have
increased statistical
integrity and
homogeneity...”
Chang, 2019 [20] Meta-analytic 4 RCTs Heterogeneity “.only 8 “Universal gloving Low
. . publications met may be associated
4 higher quality ; ) L )
bservational inclusion criteria, with a §ma|l
0Dse — aNo and they were protective effect...”
studies 12 = 60%. .,
heterogeneous.
“The included (result was
studies were of nonsignificant when
moderate quality” only RCTs were
“Only 3 studies assessed)
reported hand
hygiene and gloving
compliance...”
Dancer, 2021 [21] Narrative 43 studies 3 reports | Heterogeneity None mentioned “clear benefits in Low
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Author, Year Type of Evidence | Number of Heterogeneity Limitations Authors’ Assigned Strength
Included Studies (either quantitative | Reported by Conclusions of Evidence
estimate or Authors
narrative from the
authors)
Huang, 2016 [22] Meta-analytic 15 studies included Minimal “only 3 eligible “suggests Low
(1 RCT) RCTs were intervention reduces
12=12% included...” HAI”
“..overall quality of
the included studies
was low.” “studies
did not adequately
evaluate the long-
term effects...”
Kleyman, 2021 [23] | Meta-analytic 12 studies included | Minimal “we note the No significant Low
(all observational) inherent biases differences after
12= 0_% no effect of | attributed to the stopping contact
stopping nonrandomized precautions
nature of studies...”
O’Horo. 2012 [24] Meta-analytic 12 studies Heterogeneity “Only a single “Among ICU patients, | Low
randomized daily chlorhexidine
1RCT controlled trial met bathing reduces the
12 = 53% and 64% our ir}clus":ion risk of. health-case
in two pooled ‘(‘Jl’lterla'...” ' assoma_ted bl.ood”
analyses ...\{arlablllty in the stream infections
choice of study
outcome...”
variability in
implementation of
the interventions...”
“...evidence of
publication bias...”
Purssell, 2020 [25] | Meta-analytic 26 studies Heterogeneity “Because this Data “suggest that Very Low
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Author, Year Type of Evidence | Number of Heterogeneity Limitations Authors’ Assigned Strength
Included Studies (either quantitative | Reported by Conclusions of Evidence
estimate or Authors
narrative from the
authors)
relationship cannot
be made...”
Wong, 2022 [26] Meta-analytic 11 studies included | Varies “very few data on Results “did not show | Low
in the quantitative adherence any beneficial effect
analysis 12 between 0% and | reported...” of IPC interventions
5RCTs 77% dependingon |« myltiplicity of on MRSA
analysis outcome measures | reductions.”
could limit the
potential to
synthesize
results...” “...low

quality of the study
affects the internal
validity of our
review...”
Abbreviations: C. difficile = Clostridioides difficile; HAI = Healthcare-associated Infections; ICU = Intensive care unit; IPC = Infection prevention and control; MRSA =
Methicillin-resistant Staphylococcus aureus; RCT(s) = Randomized controlled trial(s); VRE = Vancomycin-resistant enterococcus
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Supplementary File 3. List of Excluded Studies Upon Fuli-
Text Review

Excluded Studies

The reason for exclusion is noted at the end of the citation.

1. Abubakar S, Boehnke JR, Burnett E, et al. Examining instruments used to measure knowledge
of catheter-associated urinary tract infection prevention in health care workers: A systematic
review. Am J Infect Control. 2021 Feb;49(2):255-64. doi: 10.1016/j.ajic.2020.07.025. PMID:
32707131. Intervention

2. Adams C, Peterson SR, Hall AJ, et al. Associations of infection control measures and
norovirus outbreak outcomes in healthcare settings: a systematic review and meta-analysis.
Expert Rev Anti Infect Ther. 2022 Feb;20(2):279-90. doi: 10.1080/14787210.2021.1949985.
PMID: 34225537. Intervention

3. Almeida D, Cristovam E, Caldeira D, et al. Are there effective interventions to prevent
hospital-acquired Legionnaires' disease or to reduce environmental reservoirs of Legionella in
hospitals? A systematic review. Am J Infect Control. 2016 Nov 1;44(11):e183-€8. doi:
10.1016/j.ajic.2016.06.018. PMID: 27524259. Intervention

4. Andalib E, Faghani M, Zia Ziabari SM, et al. The Effectiveness of the Anteroom (Vestibule)
Area on Hospital Infection Control and Health Staff Safety: A Systematic Review. Front Public
Health. 2022;10:828845. doi: 10.3389/fpubh.2022.828845. PMID: 35558527. Intervention

5. Anderson DJ, Chen LF, Weber DJ, et al. Enhanced terminal room disinfection and acquisition
and infection caused by multidrug-resistant organisms and Clostridium difficile (the Benefits of
Enhanced Terminal Room Disinfection study): a cluster-randomised, multicentre, crossover
study. Lancet. 2017 Feb 25;389(10071):805-14. doi: 10.1016/s0140-6736(16)31588-4. PMID:
28104287. Assessed in MHS II or 111

6. Backman C, Taylor G, Sales A, et al. An integrative review of infection prevention and
control programs for multidrug-resistant organisms in acute care hospitals: a socio-ecological
perspective. Am J Infect Control. 2011 Jun;39(5):368-78. doi: 10.1016/.ajic.2010.07.017.
PMID: 21429622. Assessed in MHS 11 or 111

7. Barker AK, Krasity B, Musuuza J, et al. Screening for Asymptomatic Clostridium difficile
Among Bone Marrow Transplant Patients: A Mixed-Methods Study of Intervention
Effectiveness and Feasibility. Infect Control Hosp Epidemiol. 2018 Feb;39(2):177-85. doi:
10.1017/ice.2017.286. PMID: 29366434. Not a study question of interest

8. Bénet T, Girard R, Gerbier-Colomban S, et al. Determinants of Implementation of Isolation
Precautions Against Infections by Multidrug-Resistant Microorganisms: A Hospital-Based,
Multicenter, Observational Study. Infect Control Hosp Epidemiol. 2017 Oct;38(10):1188-95.
doi: 10.1017/ice.2017.153. PMID: 28758615. Intervention

9. Birgand G, Moore LSP, Bourigault C, et al. Measures to eradicate multidrug-resistant
organism outbreaks: how much do they cost? Clin Microbiol Infect. 2016 Feb;22(2):162.¢1-.€9.
doi: 10.1016/j.cmi.2015.10.001. PMID: 26482264. Study design, systematic review of costs
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10. Bishop J, Parry MF, Hall T. Decreasing Clostridium difficile infections in surgery: impact of
a practice bundle incorporating a resident rounding protocol. Conn Med. 2013 Feb;77(2):69-75.
PMID: 23513633. Study design, pre-post study

11. Calfee DP, Salgado CD, Milstone AM, et al. Strategies to prevent methicillin-resistant
Staphylococcus aureus transmission and infection in acute care hospitals: 2014 update. Infect
Control Hosp Epidemiol. 2014 Jul;35(7):772-96. doi: 10.1086/676534. PMID: 24915205.
Timing

12. Cheon S, Kim MJ, Yun SJ, et al. Controlling endemic multidrug-resistant Acinetobacter
baumannii in Intensive Care Units using antimicrobial stewardship and infection control. Korean
J Intern Med. 2016 Mar;31(2):367-74. doi: 10.3904/kjim.2015.178. PMID: 26874513. Study
design

13. Ciobotaro P, Oved M, Nadir E, et al. An effective intervention to limit the spread of an
epidemic carbapenem-resistant Klebsiella pneumoniae strain in an acute care setting: from
theory to practice. Am J Infect Control. 2011 Oct;39(8):671-7. doi: 10.1016/.ajic.2011.05.004.
PMID: 21864942. Assessed in MHS II or 111

14. Daeschlein G, von Podewils S, Bloom T, et al. Active surveillance for methicillin-resistant
Staphylococcus aureus including polymerase chain reaction-based screening prevents
transmission in a dermatology ward. Infect Control Hosp Epidemiol. 2012 Sep;33(9):957-9. doi:
10.1086/667372. PMID: 22869274. Timing

15. de Franga SR, Sant'Ana EA, Nunes Mafra ACC, et al. The Impact of Isolation Precautions on
Hand Hygiene Frequency by Healthcare Workers. Infect Control Hosp Epidemiol. 2018
Feb;39(2):245-7. doi: 10.1017/ice.2017.275. PMID: 29345607. Population

16. Doebbeling BN, Flanagan ME, Nall G, et al. Multihospital infection prevention
collaborative: informatics challenges and strategies to prevent MRSA. AMIA Annu Symp Proc.
2013;2013:317-25. PMID: 24551340. Not a study question of interest

17. Dubberke ER, Rohde JM, Saint S, et al. Quantitative Results of a National Intervention to
Prevent Clostridioides difficile Infection: A Pre-Post Observational Study. Ann Intern Med. 2019
Oct 1;171(7_Suppl):S52-s8. doi: 10.7326/m18-3545. PMID: 31569233. Study design

18. Falagas ME, Thomaidis PC, Kotsantis IK, et al. Airborne hydrogen peroxide for disinfection
of the hospital environment and infection control: a systematic review. J Hosp Infect. 2011
Jul;78(3):171-7. doi: 10.1016/5.jhin.2010.12.006. PMID: 21392848. Outcome

19. Farbman L, Avni T, Rubinovitch B, et al. Cost-benefit of infection control interventions
targeting methicillin-resistant Staphylococcus aureus in hospitals: systematic review. Clin
Microbiol Infect. 2013 Dec;19(12):E582-93. doi: 10.1111/1469-0691.12280. PMID: 23991635.
Outcome

20. French CE, Coope C, Conway L, et al. Control of carbapenemase-producing
Enterobacteriaceae outbreaks in acute settings: an evidence review. J Hosp Infect. 2017
Jan;95(1):3-45. doi: 10.1016/§.jhin.2016.10.006. PMID: 27890334. Assessed in MHS II or IIT

21. Friedman ND, Walton AL, Boyd S, et al. The effectiveness of a single-stage versus
traditional three-staged protocol of hospital disinfection at eradicating vancomycin-resistant
Enterococci from frequently touched surfaces. Am J Infect Control. 2013 Mar;41(3):227-31. doi:
10.1016/j.ajic.2012.03.021. PMID: 22981721. Study Design
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22. Granzotto EM, Gouveia AM, Gasparetto J, et al. Depression and anxiety in hospitalized
patients on contact precautions for multidrug-resistant microorganisms. Infect Dis Health. 2020
Aug;25(3):133-9. doi: 10.1016/5.i1dh.2020.01.002. PMID: 32005585. Study Design

23. Greig JD, Lee MB. A review of nosocomial norovirus outbreaks: infection control
interventions found effective. Epidemiol Infect. 2012 Jul;140(7):1151-60. doi:
10.1017/s0950268811002731. PMID: 22217255. Intervention

24. Halpin HA, McMenamin SB, Simon LP, et al. Impact of participation in the California
Healthcare-Associated Infection Prevention Initiative on adoption and implementation of
evidence-based practices for patient safety and health care-associated infection rates in a cohort
of acute care general hospitals. Am J Infect Control. 2013 Apr;41(4):307-11. doi:
10.1016/j.ajic.2012.04.322. PMID: 22921825. Not a study question of interest

25. Hammoud S, Amer F, Lohner S, et al. Patient education on infection control: A systematic
review. Am J Infect Control. 2020 Dec;48(12):1506-15. doi: 10.1016/j.ajic.2020.05.039. PMID:
32512081. Outcome

26. Hessels AJ, Larson EL. Relationship between patient safety climate and standard precaution
adherence: a systematic review of the literature. J Hosp Infect. 2016 Apr;92(4):349-62. doi:
10.1016/j.jhin.2015.08.023. PMID: 26549480. Not a study question of interest

27. Houghton C, Meskell P, Delaney H, et al. Barriers and facilitators to healthcare workers'
adherence with infection prevention and control (IPC) guidelines for respiratory infectious
diseases: a rapid qualitative evidence synthesis. Cochrane Database Syst Rev. 2020 Apr
21;4(4):Cd013582. doi: 10.1002/14651858.Cd013582. PMID: 32315451. Population

28. Hsu YJ, Zhou Z, Nosakhare E, et al. Impact of certified infection preventionists in acute care
settings: A systematic review. Am J Infect Control. 2023 Mar;51(3):334-9. doi:
10.1016/j.ajic.2022.06.020. PMID: 35764180. Study design, cross sectional

29. Huang SS, Septimus E, Kleinman K, et al. Targeted versus universal decolonization to
prevent ICU infection. N Engl J Med. 2013 Jun 13;368(24):2255-65. doi:
10.1056/NEJMo0a1207290. PMID: 23718152. Assessed in MHS II or 111

30. Jokinen E, Laine J, Huttunen R, et al. Combined interventions are effective in MRSA
control. Infect Dis (Lond). 2015;47(11):801-7. doi: 10.3109/23744235.2015.1063158. PMID:
26135710. Intervention

31. Khanafer N, Voirin N, Barbut F, et al. Hospital management of Clostridium difficile
infection: a review of the literature. J Hosp Infect. 2015 Jun;90(2):91-101. doi:
10.1016/j.jhin.2015.02.015. PMID: 25913648. Assessed in MHS II or 111

32. Korbkitjaroen M, Vaithayapichet S, Kachintorn K, et al. Effectiveness of comprehensive
implementation of individualized bundling infection control measures for prevention of health
care-associated infections in general medical wards. Am J Infect Control. 2011 Aug;39(6):471-6.
doi: 10.1016/1.ajic.2010.09.017. PMID: 21565423. Setting

33. Lee MB, Greig JD. A review of nosocomial Salmonella outbreaks: infection control
interventions found effective. Public Health. 2013 Mar;127(3):199-206. doi:
10.1016/j.puhe.2012.12.013. PMID: 23433804. Population
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34. Lee MH, Lee GA, Lee SH, et al. Effectiveness and core components of infection prevention
and control programmes in long-term care facilities: a systematic review. J Hosp Infect. 2019
Aug;102(4):377-93. doi: 10.1016/j.jhin.2019.02.008. PMID: 30794854. Assessed in MHS II or
i

35. Leekha S, O'Hara LM, Sbarra A, et al. Comparison of surveillance and clinical cultures to
measure the impact of infection control interventions on the incidence of methicillin-resistant
Staphylococcus aureus and vancomycin-resistant Enterococcus in the hospital. Infect Control

Hosp Epidemiol. 2020 Feb;41(2):161-5. doi: 10.1017/ice.2019.322. PMID: 31896372.
Intervention

36. Leonhardt KK, Yakusheva O, Phelan D, et al. Clinical effectiveness and cost benefit of
universal versus targeted methicillin-resistant Staphylococcus aureus screening upon admission
in hospitals. Infect Control Hosp Epidemiol. 2011 Aug;32(8):797-803. doi: 10.1086/660875.
PMID: 21768764. Intervention

37. Lewis SR, Schofield-Robinson OJ, Rhodes S, et al. Chlorhexidine bathing of the critically ill
for the prevention of hospital-acquired infection. Cochrane Database Syst Rev. 2019 Aug
30;8(8):CD012248. doi: 10.1002/14651858.CD012248.pub2. PMID: 31476022. Outcome

38. Longtin Y, Paquet-Bolduc B, Gilca R, et al. Effect of Detecting and Isolating Clostridium
difficile Carriers at Hospital Admission on the Incidence of C difficile Infections: A Quasi-
Experimental Controlled Study. JAMA Intern Med. 2016 Jun 1;176(6):796-804. doi:
10.1001/jamainternmed.2016.0177. PMID: 27111806. Assessed in MHS II or 111

39. Lord AS, Nicholson J, Lewis A. Infection Prevention in the Neurointensive Care Unit: A
Systematic Review. Neurocrit Care. 2019 Aug;31(1):196-210. doi: 10.1007/s12028-018-0568-y.
PMID: 29998427. Outcome

40. Louh IK, Greendyke WG, Hermann EA, et al. Clostridium Difficile Infection in Acute Care
Hospitals: Systematic Review and Best Practices for Prevention. Infect Control Hosp Epidemiol.
2017 Apr;38(4):476-82. doi: 10.1017/ice.2016.324. PMID: 28300019. Assessed in MHS II or II1

41. MacDougall C, Johnstone J, Prematunge C, et al. Economic evaluation of vancomycin-
resistant enterococci (VRE) control practices: a systematic review. J Hosp Infect. 2020
May;105(1):53-63. doi: 10.1016/j.jhin.2019.12.007. PMID: 31857122. Outcome

42. Marche B, Neuwirth M, Kugler C, et al. Implementation methods of infection prevention
measures in orthopedics and traumatology - a systematic review. Eur J Trauma Emerg Surg.
2021 Aug;47(4):1003-13. doi: 10.1007/s00068-020-01477-z. PMID: 32914198. Population

43, Marcus EL, Yosef H, Borkow G, et al. Reduction of health care-associated infection
indicators by copper oxide-impregnated textiles: Crossover, double-blind controlled study in
chronic ventilator-dependent patients. Am J Infect Control. 2017 Apr 1;45(4):401-3. doi:
10.1016/j.ajic.2016.11.022. PMID: 28034536. Population

44. Marshall C, Richards M, McBryde E. Do active surveillance and contact precautions reduce
MRSA acquisition? A prospective interrupted time series. PLoS One. 2013;8(3):e58112. doi:
10.1371/journal.pone.0058112. PMID: 23555568. Intervention

45. Martin EK, Salsgiver EL, Bernstein DA, et al. Sustained improvement in hospital cleaning
associated with a novel education and culture change program for environmental services
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workers. Infect Control Hosp Epidemiol. 2019 Sep;40(9):1024-9. doi: 10.1017/ice.2019.183.
PMID: 31256766. Intervention

46. Mauger B, Marbella A, Pines E, et al. Implementing quality improvement strategies to
reduce healthcare-associated infections: A systematic review. Am J Infect Control. 2014
Oct;42(10 Suppl):S274-83. doi: 10.1016/j.ajic.2014.05.031. PMID: 25239722. Not a study
question of interest

47. Maziade PJ, Andriessen JA, Pereira P, et al. Impact of adding prophylactic probiotics to a
bundle of standard preventative measures for Clostridium difficile infections: enhanced and
sustained decrease in the incidence and severity of infection at a community hospital. Curr Med
Res Opin. 2013 Oct;29(10):1341-7. doi: 10.1185/03007995.2013.833501. PMID: 23931498.
Intervention

48. Michels HT, Keevil CW, Salgado CD, et al. From Laboratory Research to a Clinical Trial:
Copper Alloy Surfaces Kill Bacteria and Reduce Hospital-Acquired Infections. Herd. 2015
Fall;9(1):64-79. doi: 10.1177/1937586715592650. PMID: 26163568. Study design, non
systematic review

49. Mitchell BG, Russo PL, Cheng AC, et al. Strategies to reduce non-ventilator-associated
hospital-acquired pneumonia: A systematic review. Infect Dis Health. 2019 Nov;24(4):229-39.
doi: 10.1016/j.1dh.2019.06.002. PMID: 31279704. Intervention

50. Moralejo D, El Dib R, Prata RA, et al. Improving adherence to Standard Precautions for the
control of health care-associated infections. Cochrane Database Syst Rev. 2018 Feb
26;2(2):Cd010768. doi: 10.1002/14651858.CD010768.pub2. PMID: 29481693. Not a study
question of interest

51. Morgan DJ, Pineles L, Shardell M, et al. The effect of contact precautions on healthcare
worker activity in acute care hospitals. Infect Control Hosp Epidemiol. 2013 Jan;34(1):69-73.
doi: 10.1086/668775. PMID: 23221195. Qutcome

52. Pallotto C, Fiorio M, De Angelis V, et al. Daily bathing with 4% chlorhexidine gluconate in
intensive care settings: a randomized controlled trial. Clin Microbiol Infect. 2019 Jun;25(6):705-
10. doi: 10.1016/j.cmi.2018.09.012. PMID: 30267930. Outcome

53. Peter D, Meng M, Kugler C, et al. Strategies to promote infection prevention and control in
acute care hospitals with the help of infection control link nurses: A systematic literature review.
Am J Infect Control. 2018 Feb;46(2):207-16. doi: 10.1016/j.ajic.2017.07.031. PMID: 29413157.
Not a study question of interest

54. Plantinga NL, de Smet A, Oostdijk EAN, et al. Selective digestive and oropharyngeal
decontamination in medical and surgical ICU patients: individual patient data meta-analysis. Clin
Microbiol Infect. 2018 May;24(5):505-13. doi: 10.1016/j.cmi.2017.08.019. PMID: 28870727.
Intervention

55. Roisin S, Laurent C, Denis O, et al. Impact of rapid molecular screening at hospital
admission on nosocomial transmission of methicillin-resistant Staphylococcus aureus: cluster
randomised trial. PLoS One. 2014;9(5):€96310. doi: 10.1371/journal.pone.0096310. PMID:
24836438. Intervention
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56. Roquilly A, Marret E, Abraham E, et al. Pneumonia prevention to decrease mortality in
intensive care unit: a systematic review and meta-analysis. Clin Infect Dis. 2015 Jan 1;60(1):64-
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Supplementary File 4. Infection prevention and control practices

in Nursing Home settings
Our literature search identified one newer systematic review of infection control approaches for

MDRO in long term care facilities [26]. This review, which we judged to be of good quality,
searched through 2020 and focused on MRSA, VRE, multidrug resistant gram negative bacteria
including ESBL Enterobacterales and CRE, and C. difficile. The search identified 19 studies
meeting their inclusion criteria of which 11 contributed data to their main analysis: five were
randomized trials, one was a controlled before-and-after study, and five were uncontrolled
before-and-after studies. Interventions were classified into 8 categories and then whether they
were horizontal or vertical, with horizontal interventions being administrative engagement,
education, environmental cleaning, hand hygiene, performance improvement, and source control.
Decolonization of colonized subjects was classified as a vertical intervention. The authors pooled
analysis of data from 11 studies reporting on MRSA infections showed no statistically significant
effect of infection prevention and control practice. Subgroup and sensitivity analyses in general
also showed no statistically significant effect, one exception being active surveillance and
decolonization in one subgroup of studies (pooled random effects RR = 0.34, 95% confidence
interval 0.22, 0.53). We assessed the certainty of evidence for their conclusion about infection
control practices and MRSA rates as Low.

Our search identified one new original research article addressing prevention and control of
MDROs in long-term care facilities [6]. We discussed a separate randomized controlled trial of
patient decolonization in nursing homes, in the main text.

McConeghy and colleagues performed a randomized pair-matched controlled trial in 10 nursing
homes comparing usual care to implementation of a multimodal bundle of infection prevention

and control interventions, including staff education, provision of handwashing and cleaning
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products, and auditing and feedback using a dashboard reporting clinical infection rates as well
as surveillance cultures from high-touch surfaces. Primary outcomes were related to staff
satisfaction and hand hygiene compliance which are not relevant to our review, but relevant
secondary outcomes included any infection, lower respiratory infection, antibiotic starts, and
hospitalization. The authors report reductions in absolute rates of total infections that did not
reach significance in difference-in-difference analysis. Overall, we conclude that infection
prevention and control practices in long term care facilities have at most a small effect on rates

of MDRO infections in the endemic setting, but certainty of evidence was Low.
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