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Antimicrobial stewardship and
infection prevention interventions
targeting healthcare-associated
Clostridioides difficile and carbapenem-
resistant Klebsiella pneumoniae
infections: a scoping review

Bernard Ojiambo Okeah

ABSTRACT

Objectives This study assessed antimicrobial stewardship
(AMS) and infection prevention (IP) interventions

targeting healthcare-associated Clostridioides difficile

and carbapenem-resistant Klebsiella pneumoniae (CRKP)
infections, their key outcomes and the application of
behaviour change principles in these interventions.
Design This scoping review was conducted in accordance
with Preferred Reporting ltems for Systematic Reviews and
Meta-analysis Extension for Scoping Reviews (PRISMA-
ScR) guidelines while focusing on acute healthcare
settings in both low-to-middle income and high-income
countries.

Data sources The databases searched were MEDLINE,
PubMed, Web of Science and CINAHL between 22 April
2020 and 30 September 2020.

Eligibility The review included peer-reviewed articles
published in English language between 2010 and 2019.
Studies that focussed on IP and/or AMS interventions
primarily targeting C. difficile or CRKP were included.
Studies that assessed effectiveness of diagnostic devices
or treatment options were excluded from this review.

Data extraction and synthesis An abstraction sheet
calibrated for this study was used to extract data on

the main study characteristics including the population,
intervention and outcomes of interest (antimicrobial use,
compliance with IP interventions and risk for C. difficile
and CRKP). A narrative synthesis of the results is provided.
Results The review included 34 studies. Analysis
indicates that interventions targeting C. difficile and CRKP
include Education, Surveillance/Screening, Consultations,
Audits, Policies and Protocols, Environmental measures,
Bundles, Isolation as well as Notifications or alerts
(represented using the ESCAPE-BIN acronym). The
identified outcomes include antimicrobial use, resistance
rates, risk reduction, adherence to contact precautions,
hospital stay and time savings. AMS and IP interventions
tend to be more adhoc with limited application of
behaviour change principles.

Conclusion This scoping review identified the AMS and IP
interventions targeting C. difficile and CRKP in healthcare
settings and described their key outcomes. The application
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Strengths and limitations of this study

» This review considered the specific antimicrobial
stewardship (AMS) and infection prevention (IP) in-
terventions in line with the core elements of AMS
as outlined by the Centres for Disease Control and
Prevention.

» The review only considered studies that primarily
focussed on AMS and/or IP interventions targeting
Clostridioides difficile and/or carbapenem-resistant
Klebsiella pneumoniae.

» The screening and selection of studies as well as
data extraction were completed by two reviewers.

» The COM-B (‘capability’, ‘opportunity’, ‘motivation’
and ‘behaviour’) model elements were used to as-
sess the application of behaviour change principles
in AMS and IP interventions.

of behaviour change principles in AMS and IP interventions
appears to be limited.

INTRODUCTION

Infectious diseases have remained a leading
cause of morbidity and mortality over the past
centuries.! The discovery of antimicrobial
agents during the 19th and 20th centuries®
following observations by Alexander Fleming
on the effect of Penicillium mold on bacteria
cultures birthed the era of anti-infective
agents’ and was a major breakthrough in
the fight against infectious diseases. In 1947,
Waksman, coined the term ‘antibiotic’ in
reference to a chemical agent capable of
destroying or inhibiting the growth of micro-
organisms.” Subsequently, clinicians began
to recognise and rely on antibiotics as an
effective strategy for treating and eradicating
pathogenic microorganisms. As the use of
antibiotics gained popularity worldwide with
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noted successes including the treatment of gram positive
cocci with penicillin,”® a new threat namely antimicro-
bial resistance (AMR), emerged due to the over-reliance
on these life-saving therapeutic agents.” More than
50% of antimicrobials used are either inappropriate or
unnecessary and within the last two decades alone, the
use of antimicrobial agents has risen by 65% signifi-
cantly contributing to AMR.” Coupled with the ongoing
human-to-human transmission of pathogens,” microor-
ganisms continue to evolve adaptively rendering antibi-
otics ineffective’™! and causing more potent infections as
they acquire resistance. AMR represents a public health
emergency with 10million fatalities globally projected
by 2050" coupled with increasing costs for treating
multidrug-resistant organisms (MDROs)."?

Today, the burden of infectious diseases remains high
globally'* with a worrying increase of deaths attributable
to MDROs. A modelling study reported 33000 deaths
associated with MDROs in Europe in the year 2015, repre-
senting a significant rise since the year 2007."” Healthcare
settings appear to have a higher risk of human-to-human
transmission of MDROs. According to the European
Center for Disease Prevention and Control (ECDC), the
EU records an estimated 3.2 million healthcare-associated
infections (HCAIs) and an associated 37000 deaths annu-
ally.'® This translates to 2.5million disability-adjusted
life years, 16million additional hospitalisation days
and an annual economic burden of 7billion euros.'” '®
This burden is largely attributed to MDROs' of which
ESKAPE (Enterococcus faecium, Staphylococcus awreus, Kleb-
siella  pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa and Enterobacter spp) pathogens play a signif-
icant role.**™ In recent years, scientists have suggested
the inclusion of Clostridioides (Clostridium) difficile as a
member of the ESKAPE pathogens and subsequently
amending the acronym to ESCAPE pathogens.** Signif-
icant efforts have been made to reduce the burden of
HCAIs and AMR, but the problem persists. To aid the
understanding of potential gaps in evidence, this scoping
review explored the literature on interventions targeting
C. difficile and carbapenem-resistant Klebsiella pneumoniae
(CRKP) which are among the most common infections in
healthcare settings and on the WHO'’s pathogen priority
list for research and development of new antibiotics.

Rationale

A preliminary exploration of literature retrieved three
scoping reviews on antimicrobial misuse and AMS inter-
ventions. The first scoping review” was limited to dentistry
settings; the second®® examined literature on knowledge,
attitudes and practices among community pharmacists
and the third focussed on supplyrelated factors for
reducing prescription of antibiotics in low-to-middle-
income countries.”’ In this scoping review, the focus is on
healthcare-associated C. difficileand CRKP infections. Clos-
tridioides difficile is the single most leading cause of noso-
comial diarrhoea globally primarily linked with the use
of antibiotics that disrupt the stability of gut microbiota

allowing the pathogenic bacteria to flourish.***" Kiebsi-
ella pneumoniae ranks among the top three leading causes
of neonatal sepsis in resource limited settings’ ** with
some strains known to produce extended-spectrum B-lac-
tamases associated with multidrug resistance to carbap-
enems and colistin.** More often, cultures obtained from
patient environments, stools, water and blood have been
shown to contain CRKP” and C. difficile. Studies show that
approximately 25% of patients in England, Australia and
the USA are colonised by CRKP during their hospitalisa-
tion period.”*™ Patient-to-patient transmission of CRKP
accounts for an estimated 52% of the cases identified in
healthcare settings.”® There appears to be evidence-based
infection prevention (IP) and antimicrobial stewardship
(AMS) interventions aimed at curbing the healthcare-
associated transmission of C. difficile and CRKP. However,
the prevalence of infections caused by these organisms
remains high. The interventions broadly aim at changing
the behaviours of healthcare workers with regard to antimi-
crobial prescribing and/or compliance with IP measures.
As recently acknowledged by the WHO,”” it has become
increasingly clear that application of evidence-based
interventions is not a guarantee for success emphasising
the need to focus more on the underlying psychosocial
mechanisms that influence people’s behaviours.” ** Tt
therefore remains unclear whether there is sufficient
application behaviour change principles in AMS and
IP interventions for improved effectiveness and sustain-
ability, hence, this scoping review.

Research objectives

1. To assess IP and AMS interventions
healthcare-associated C. difficileand CRKP.

2. To describe the key outcomes for IP and AMS inter-
ventions targeting healthcare-associated C. difficile and
CRKP.

3. To assess the application of behaviour change princi-
ples in IP and AMS interventions targeting healthcare
associated C. difficile and CRKP infections.

targeting

METHODS

Research protocol

The protocol for this scoping review is available on
Open Science Framework registries via https://osfio/
nk7wf. This scoping review was undertaken and reported
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis Extension for
Scoping Reviews guidelines.” These guidelines integrate
the five-stages proposed by Arksey and O’Malley with
regard to the conduct of scoping reviews. "’

Eligibility criteria

Table 1 summarises the eligibility criteria that was used to
screen the retrieved articles. The review included peer-
reviewed studies involving human participants published
in English over the previous 10 years. Studies on IP
and/or AMS that did not primarily target C. difficile or
CRKP were excluded as were studies that explored new
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Table 1 Eligibility criteria
Proposed
criteria Refined criteria
Population/ Healthcare Healthcare facilities and
setting facilities healthcare workers
Intervention/ AMS Infection prevention and
exposure interventions antimicrobial stewardship
for C. diff or interventions primarily targeting
CRKP C. difficile and/or CRKP
Comparison No No intervention
intervention
Outcome Control of C. Changes in use of antimicrobial
diff and/or agents associated with C.
CRKP difficile or CRKP.
Compliance with infection
prevention (IP) interventions
Risk of C. difficile and CRKP
Study All study Observational studies,
designs designs quasi-experimental studies,

randomised controlled trials

AMS, antimicrobial stewardship; C. diff, Clostridioides difficile;
CRKP, carbapenem-resistant Klebsiella pneumoniae.

diagnostic devices or therapeutic interventions in rela-
tion to the two organisms.

Information sources

The search for literature was conducted across electronic
databases accessible through the Bangor University
library search engine, bibliographies, key journals and
websites for relevant organisations. The specific data-
bases searched were MEDLINE via EBSCO &ost, PubMed
Open Access via NCBI, Web of Science Core Collection
and CINAHL Plus via EBSCO/ost (see search strategy in
online supplemental file 1). The search for sources was
undertaken with the assistance of the Bangor University
librarian between 22 April 2020 and 30 September 2020.
To ensure that the search was comprehensive and inclu-
sive, a search of additional sources including unpublished
and grey literature, general searches on Google Scholar
as well as PhD theses and dissertations was conducted.

Study selection

Two reviewers independently applied the inclusion and
exclusion criteria on the retrieved articles for inclusion
in this review and resolved any disagreements through
discussions with the third reviewer acting as an arbitrator.

Data charting

The data items extracted (see online supplemental file
2) included the reference, the study type, the study
objectives, population or setting, country, the interven-
tion, intervention duration, healthcare workers involved,
outcome measures or findings and the conclusions of the
study. Twenty percent of the extracted data was checked
for completeness and accuracy by two reviewers who
exchanged their extracted data for checking. See online

supplemental file 2 for presentation of the extracted
study characteristics.

Results collation, summary, and report compilation

The extracted data were organised into themes and
a narrative synthesis was conducted. The subsequent
sections provide a narrative synthesis of the existing liter-
ature on IP and AMS interventions targeting C. difficile
and CRKP as well as the identified gaps in line with the
study objectives.

Patient and public involvement
There were no patients involved in the conduct of this
scoping review.

RESULTS

Selection of studies

The PRISMA diagram in figure 1 summarises the study
screening and selection process. Thirty-four studies were
ultimately included in the current review.

Characteristics of selected studies

Sixteen studies (see table 2) focussed on C. dz'fﬁcz'le42_57
and 18 studies (see table 3) focussed on CRKP."*” The
studies varied in their designs with the majority (n=31)
being quasi-experiments. Other study designs included
cohort studies (n=2) and one secondary analysis of a
randomised controlled trial. Twenty-seven studies were
undertaken prospectively, whereas seven studies followed
a retrospective approach. 32.4% (n=11) of the studies
were conducted in the USA,45 85254565766 71\ hereas two
studies each are based in Canada’®** and Greece.” % Four
of the retrieved studies were conducted in Itally,43 476472
while Israel® ® % and China®®® " had three studies each.
Finally, the selected articles included one study each from
]apan,53 UK,46 South Africa, Denmark,61 Brazil,%? France,®
South Korea,73 Hungary74 and the Netherlands.” There
were variations in the study populations with three studies
on K. pneumoniae involving neonates in the neonatal
intensive care unit,70 7174 \whereas 31 studies involved
adults admitted for care within the hospital settings. All
the studies on C. difficile involved adult populations.” o

Synthesis of results

Interventions

Broadly, the interventions entailed components of AMS
and/or IP measures targeting C. difficile and CRKP.
Tables 2 and 3 provide an outline of the specific AMS or
IP components included across the included studies. The
duration of interventions varied across the studies from
3weeks up to 6years.” The interventions involved various
cadres of professionals namely infectious disease experts,
consultants, nurses, doctors, physicians, pharmacists,
epidemiologists, laboratory personnel, microbiologists
and support staff (cleaners, caregivers, housekeepers,
paramedics, porters and environmental officers). Addi-
tional cadres involved include managers, infection
control staff, unspecified clinicians/medical personnel,

Okeah BO, et al. BMJ Open 2021;11:051983. doi:10.1136/bmjopen-2021-051983
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Figure 1 PRISMA flow diagram summarising the study screening and selection process. PRISMA, Preferred Reporting Items

for Systematic Reviews and Meta-analysis.

quality improvement staff, patients, public health staff
and patient visitors. Figure 2 summarises the proportions
while online supplemental file 2) highlights the specific
cadres of health professionals included across study
interventions.

The interventions tended to be multifaceted involving
the implementation of at least two strategies to achieve
the intended outcomes as highlighted in tables 2 and
3. The strategies employed in interventions targeting C.
difficile and how they were combined across studies are
also summarised in table 2.

The most common strategy targeting C. difficilereported
across seven studies involved the use of audits and feed-
back.* #4752 This entailed reviewing the prescribed
antibiotics by an antimicrobial pharmacist* ** * 752 54
or the infection control team® and feedbacking to the
prescriber. In some instances, the audits were undertaken
offsite using electronic records systems** ** and telecon-
ferences. Audits were also combined with staff education
sessions organised on identified gaps aimed at opti-
mising the use of antimicrobials.* °* Some interventions
combined the audits with formulary restrictions and treat-
ment protocols occasionally requiring approval prior to
issuing a prescription.”® Another intervention combined
audits with screening patients and notifying physicians

on detection of C. difficile, promptly isolating infected
patients and monitoring appropriate use of antibiotics
with prompt feedback to the responsible prescribers.”
Additional interventions with a component of staff educa-
tion included bedside infectious diseases consultation,43
restricting the use of broad spectrum antibiotics** **** and
contact precautions.”” Bedside consultations involved a
part-time infectious diseases expert reviewing antibiotic
prescriptions three times a week and discussing these with
attending physicians.”” This was coupled with revising
antimicrobial treatment protocols and educating staff on
reducing the appropriate use of antimicrobials.” Finally,
an intervention undertaken in a hospital caring for older
adults involved educating all healthcare workers on isola-
tion precautions and environmental disinfection as well
as restricting the use of broad spectrum antibiotics.”

A multisite collaborative intervention involving an IP
bundle also promoted adherence to isolation precautions
and an environmental cleaning protocol.”” The isola-
tion precautions included nursing patients in a single
room, hand washing at recommended times and the use
of appropriate personal protective equipment namely
gloves, and disposable aprons. Environmental cleaning
entailed the use of appropriate decontamination agents
to clean the patient environment and reduce the presence
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Table 2 IP and AMS interventions targeting C. difficile

References

42 43 44 45

46

47 49 50 51 52 54 55 57

Interventions
Surveillance/screening - - - -

Alerts and notifications - - - -

Isolation precautions - -

Environmental disinfection = = = =
Audits and feedback v -
Consultations -/

v

DN
I

Antimicrobial policies and/protocols

Care bundles - -
Staff education - v /-
Biocidal (Cu,0) linen - - = -
Intervention duration (months)
Behaviour change elements addressed
Capability Ve
Opportunity -
Motivation - - - -

< | I
RN NEN
Lol I
o I
IR I
< | I
AN N NN
< | I
RN
I <S
[ O NG |

AMS, antimicrobial stewardship; C. difficile, Clostridioides difficile; IP, infection prevention.

of C. difficile. A single-centre study’® combined isolation
precautions with a computer-generated real-time notifi-
cation system for toxigenic C. difficile results and a treat-
ment protocol using vancomycin only or vancomycin with
metronidazole. The final study on isolation precautions*
also incorporated an automated system that tracked C.
difficile results and triggered alerts on the patient’s elec-
tronic records as well as automatically ordering for the
appropriate isolation precautions thus aiding the health-
care personnel’s actions. Three standalone interven-
tions* ! aimed at reducing the bioavailability of C. difficile
in the hospital environment. One multisite randomised
controlled trial employed four disinfection strategies
for environmental cleaning following the discharge of
C. difficile patients.” These strategies included standard
disinfection with an ammonium solution or 10% hypo-
chlorite (bleach), standard disinfection with ultravi-
olet (UV) light or bleach with UV light, bleach only or
UV light with bleach.”’ Finally, two quasi-experiments
involved replacing hospital linen with biocidal copper
oxide impregnated bedsheets, pillow cases, washcloths

and towels.* *
Interventions targeting CRKP included surveil-
lance and/or active screening through the use

58 60 63-66 68-72 74-76 . .
cultures,” 2 ® alerts and notifications

on detection of CRKP® % 01 63 6566 jsolation precau-
tions,58 60 63-66 68-72 74 76 o pvironmental decontamina-
tion,Go 64666769-71 4 htimicrobial audits and feedback,61 036771
specialist consultations,” antimicrobial policies and/or
protocols,”™ " 2™ care bundles™ and staff and/or patient

education.®” *' "7 The most common strategy targeting
CRKP appears to be surveillance or active screening
through cultures to detect the presence of CRKP. One
surveillance intervention™ involved the use of a flagging
system for suspected patients at the emergency depart-
ment, cohorting active cases, sampling cultures from
hands of healthcare personnel and the environment
and a policy restricting the use of carbapenems. Another
multisite intervention®® combined routine screening of
patients with mandatory isolation of confirmed cases with
dedicated staff looking after the patients and mandatory
notification of all carbapenem-resistant cases to public
health authorities. Similarly, a surveillance intervention®
in a 250-bed general hospital required adherence to isola-
tion precautions and compulsory notification of public
health authorities on identified cases.

An outbreak containment intervention™ in a tertiary
hospital employed active screening of patients, disinfec-
tion of the environment and respiratory equipment and
isolation precautions. One standalone intervention inves-
tigated the effectiveness of active screening on detection
of CRKP cases in an ICU setting,” while another study
tracked sporadic hospital outbreaks using whole genome
sequencing.” An observational study used rectal swabs
for the active surveillance of CRKP in a cancer centre and
a tertiary hospital.”® Subsequently, the confirmed cases
were promptly isolated requiring healthcare personnel’s
adherence to contact precautions and environmental
cleaning protocols.”® Other surveillance interventions
similarly effected isolation precautions for confirmed
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Table 3 IP and AMS interventions targeting CRKP

References

58 59 60 61 62 63 64

65 66 67 68 69 70 71 72 73 74 75

Interventions
Surveillance/ v v - - - v v
screening

Alerts and
notifications
Isolation
precautions

Environmental - - v - - - v
disinfection

Audits and - - - V4 - v -
feedback

Consultations - - — = = = v

Antimicrobial v - - v - -
policies and
protocols

Care bundles - - = = — — _

Staff education
and/patient
education

Intervention 36 14 48 36 24 14 2
duration
(months)

I
I
AN
<
I
I
I

Behaviour change elements addressed

Capability v v v v v /v /
Opportunity - - - v - - -
Motivation = = = v v - =

v

v

A A A A A
‘/ - - - - - - - - -
A A A A A
v - v v v - - - -
- v - - - v - v - -
— — - - - — — - / —
- - - / - - - - - -
- 7/ - - - v - v - -

AMS, antimicrobial stewardship; CRKP, carbapenem-resistant Klebsiella pneumoniae; IP, infection prevention.

cases™ combined with either environmental cleaning
protocols, staff education, adherence audits or a bathing
protocol.67 68707274 An intervention based in an Israeli
medical centre rolled out isolation guidelines in combi-
nation with staff education and environmental cleaning
protocols supported with a computerised system for flag-
ging CRKP cases.”” A multidisciplinary intervention in
a 510-bed Danish university hospital employed Kotter’s
eight stages of change® by delivering staff training and
notification systems to enhance isolation precautions, and
appropriate use of antimicrobial agents. An AMS inter-
vention in a Brazilian tertiary care hospital examined the
effectiveness of a restrictive antimicrobial policy on the
use of carbapenems.” Finally, a south-Korean based study
in a 900-bed tertiary university hospital examined the
effectiveness of enhanced contact isolation precautions
on CRKP incidence. This was delivered through staff
education, auditing prescriptions, discontinuing inappro-
priate antibiotics within 72 hours and strict adherence to
contact precautions including hand hygiene, single use
gowns and gloves.

Outcomes reported from IP and AMS interventions targeting C.
difficile and CRKP

The key outcomes reported across the studies included
consumption of antimicrobial agents**** % 175255 and/
or associated costs,“_47 52 53 58 6162 31 cidence of C. diffi-
cile'>™17 4955 57 o1 incidence and/resistance rates of
CRKP,E'S_64 67697374 55 well as risk of other HCAIs,4451 5357606769
outbreak containment,65 666870-7275 5 dherence to IP precau-
tions, " 20 97O 0T (e savings,"*® hospital stay74 and
associated mortality rates.*” Tables 4 and 5 summarise the
reported outcomes.

Interventions targeting C. difficile

Antimicrobial use

Seven studies reported variations in the consumption
of antimicrobial agents following the stewardship inter-
ventions.” * ** 47555 The changes in antimicrobial use
were reported in daily defined doses per 1000 patient
days (DDD/1000 PDs). Reduction in the use of antimi-
crobials ranged between 6.58 DDDs/1000 PDs and 310
DDDs/1000 PDs. The least (11%) reduction in anti-
microbial use was reported from an intervention that
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Proportion of staff involvement across studies

Visitors

PH staff
Patients

QI staff

HCWs (Unspecified)
IC staff
Managers
Support staff
Microbiologists
Lab staff
Epidemiologists
Pharmacists
Physicians
Doctors

Nurses
Consultants

ID expert (unspecified)

o
X

5% 10% 15%

20% 25% 30% 35% 40% 45% 50%

Figure 2 Proportion of staff involvement in infection prevention interventions targeting C. difficile and K. pneumoniae in
healthcare settings per staff cadre. C. difficile, Clostridioides difficile; HCW, healthcare workers; IC, infection control; ID,
infectious diseases; K. pneumoniae, Klebsiella pneumoniae; PH, public health; Ql, quality improvement.

involved audits for prescribed antibiotics and providing
feedback to the prescribers.” The largest (79%) reduc-
tion in antimicrobials use was reported following an
intervention involving restrictive antimicrobial policies
and staff education.*® A 54% reduction in antimicrobial
costs was reported from an intervention involving half-
hour monthly staff education sessions on AMS and audits
of prescribed antibiotics using a structured electronic
checklist.** 679 patients from two internal medicine units
in a tertiary care hospital were observed over 18 months
in the study.** One study reported a 52% improvement
in antimicrobial streamlining following weekly reviews
of prescribed antibiotics combined with remote consul-
tations with an infectious diseases pharmacist through
tcs:leconferencing.54 The latter study was conducted in
a 141-bed community hospital over 13 months.”* None
of the C. difficile targeting interventions reported on the
resistance rates for specific antimicrobial agents following
their implementation.

Risk of CDIs, other HCAIs and associated mortality

Fourteen studies reported on the impact of the interven-
tions on the risk of C. difficile infections (CDIs) or other
HCAIs.**™7 99557 The highest overall reduction of 83%
in absolute risk of CDIs was reported from a 12-month
antimicrobial audits and feedback intervention involving
physicians and pharmacists in a 212-bed Massachusetts
hospital.”” On the other hand, a 24-month multisite inter-
vention among leukaemia patients involving antimicro-
bial audits and feedbacks* reported no significant change
on the risk of CDIs and associated mortality. Similarly, a

second 24-month cross-sectional study involving older
adults from two Israeli hospitals that entailed staff educa-
tion, environmental disinfection and isolation precautions
had no impact on the risk of CDIs.”” Regarding the effect
of CDI interventions on other HCAIs, an AMS interven-
tion in a 150-bed spinal injury hospital involving bedside
infectious diseases consultation, staff education and anti-
microbial policies reported a 25% absolute risk reduction
for other HCAIs* but no differences on mortality between
the experimental and control groups.”” A multisite RCT
investigating the effectiveness of four environmental
disinfection strategies reported no effect on the risk of
other HCAIs."' A 12-month intervention assessing the
impact of intensified IP precautions on MDROs in a 409-
bed Japanese tertiary hospital reported a reduction in
the risk of other HCAIs but it is not clear whether this
change was signiﬁcant.53 Two studies involving the use of
biocidal linen impregnated with copper oxide reported
contradictory findings which could be partly due to the
differences in study settings and how the interventions
were delivered. The first study involved six hospitals in
both urban and rural settings with a total of 1019 beds
implemented over 8 months (568397 PDs) and reported
a 51% reduction in the risk of CDIs.* The second study
was conducted in one long-term care hospital over 27
months (29342 PDs) reported an 87% increase in the
risk of CDIs.”” In the latter study, the researchers acknowl-
edged that study participants were never blinded possibly
leading to the deterioration of contact precautions specif-
ically hand hygiene that reduced by 6%.”
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Adherence fto isolation precautions

The highest (95%) improvement in adherence to isola-
tion precautions was reported by a 22-month multisite
(35 hospitals) intervention®” involving the use of an IP
bundle with isolation precautions and an environmental
cleaning protocol.”” On the other hand, an intervention
involving the use of biocidal linen impregnated with
copper oxide reported a 6% reduction in adherence to
isolation precautions;’o as discussed above.

Time savings

Two studies reported outcomes related to time savings.
The first intervention involved treatment protocols for
C. difficile, real-time computerised notifications of toxi-
genic C. difficile results and isolation precautions. This
was undertaken in a 433-bed adults medical centre and
recorded a 64% reduction in time prior to the initiation
of appropriate antibiotics treatment.”® The second study
involving active surveillance, an alert system and isolation
precautions in a 410-bed hospital treating trauma, burns
and cancer patients reported a 43% reduction in care
hours per 1000 admissions."® There were no studies on C.
difficile that reported on the effect of interventions on the
length of hospital stay.

48 56

Carbapenem-resistant K. pneumoniae

Antimicrobials use

Three studies”™ % 7 reported on antimicrobial use as a
key outcome of CRKP interventions. One study involving
a flagging system for confirmed cases, isolation precau-
tions and a carbapenems restriction policy in a 1000-
bed tertiary university hospital reported a reduction in
the use of meropenem.” The second study employed
Kotter’s stages of change® in a multidisciplinary inter-
vention involving staff education on isolation precautions
and appropriate prescribing, notifications on prescrip-
tion of restricted antibiotics and antimicrobial protocols
in a 510-bed Danish hospital recorded a 75% reduction
in antibiotics consumption.”’ The last study involving
restrictive antimicrobial policies reported a 21% (12.9
DDDs/1000 PDs) reduction in antibiotics use.”* Two
interventions involving active surveillance through
screening” and staff education combined with isolation
precautions’ reported a reduction of the resistance rates
for K. pneumoniae. The first intervention was conducted
over 14 months in an ICU setting in China,” while the
second intervention was undertaken in a 900-bed tertiary
hospital in South Korea.” A 24-month intervention in a
tertiary hospital (200 beds) involving restriction of group
two carbapenems recorded no changes in the resistance
rates for K. ;bnemnom‘ae.62

Risk of CRKP, other HCAIs, and associated mortality

The largest risk reduction (97%) for CRKP was reported
from a 36-month hospital wide intervention that involved
physicians, epidemiologists, nurses and the infection
control team.”® The lowest reported reduction in the
absolute risk of CRKP was from a 17-month multifaceted

intervention that entailed active surveillance, isolation
precautions, audits and feedback, environmental cleaning
and staff education.”” Seven outbreak investigations did
not have outcomes on the relative risk CRKP,% 0 68 707275
An intervention involving staff education, isolation, envi-
ronmental cleaning and computerised flagging of cases
reported a 55% reduction in other HCAIs,”” while
another intervention involving screening, isolation, envi-
ronmental disinfection and care bundles reported an
84% reduction in other HCAIs over a 48-month period.”
On the other hand, one study reported a 59% rise in
the risk of other HCAIs following an intervention that
involved screening, isolation, environmental decontami-
nation, audits and education over a 17-month duration.”’
The intervention involved 601 patients retrospectively
and 250 patients prospectively in the solid organ trans-
plant (SOT) department. The increase in the incidence
of other carbapenem-resistant organisms was attributed
to the intrahospital transfer of carriers to the SOT depart-
ment and the subsequent transfer of postsurgical patients
to the ICU where they were allegedly colonised by the
bacteria.”” There are no studies that reported on mortality
associated with CRKP.

Hospital stay and adherence to contact precautions

A 3-month intervention involving 355 patients in a 17-bed
neonatal intensive care unit in Hungary reported a 15%
reduction in the hospitalisation duration with an asso-
ciated 29% increase in adherence to contact precau-
tions.”*  Another 6years intervention involving staff
education reported a 35% improvement in adherence
to contact precautions.” Finally, four additional studies
also reported an improvement in adherence to contact
precautions.**% "

Application of behaviour change theory
There was only one study that explicitly stated the appli-
cation of a behaviour change theory (Kotter’s stages of
change theory),’" while the remaining 33 studies did not
indicate whether they applied behaviour change princi-
ples or strategies in their interventions. However, 62.5% of
the C. difficileinterventions had a component that targeted
modifying antibiotics prescription behaviours, and 31.3%
of the interventions targeted improving compliance with
IP bundles, screening, isolation, hand hygiene and envi-
ronmental cleaning protocols (as summarised in table 2).
However, 18.8% of the interventions lacked a behavioural
component as they focussed on either replacing patient
linen with biocidal copper oxide or tested the effective-
ness of cleaning strategies on reducing the burden of C.
difficile in hospital settings. On the other hand, 22.2%
of CRKP interventions had a component targeting anti-
biotics prescription behaviours, whereas 94.4% of the
interventions focussed on improving compliance with IP
bundles, screening, isolation, hand hygiene and environ-
mental cleaning protocols (as summarised in table 3).

A mapping of the interventions using the COM-B
(capability, opportunity, motivation and behaviour)
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elements’” revealed that 81.3% of the studies on C. diffi-
cile focussed on improving the competence/capacity of
healthcare workers to adopt the desired behaviour, and,
18.8% of the studies focussed on creating opportunities
for healthcare workers to express the desired behaviour.*
47 None of the interventions targeting C. difficile had
a component aimed at motivating healthcare workers to
adopt desired behaviours as recommended in the COM-B
framework. However, all the interventions targeting CRKP
had a component aimed at improving the competence
of healthcare workers regarding the desired behaviour,
5.6% of the interventions had a component focusing on
opportunities for behaviour change and 16.7% of the
studies addressed the motivation element for behaviour
change.® 626°

The strategies used to enhance the capability compo-
nent of behaviour change included staff education on
appropriate prescribing and/or IP precautions, trainee
led audits and providing feedback;**~*7 54 63 6 6970 y;qe
of checklists, protocols and guidelines for antibiotics
prescription, screening, isolation, hand hygiene and envi-
ronmental cleaning®* *52586367697174 5 1y 4 the use of alerts,
notifications, information leaflets, signposts and stickers
on the targeted behaviours."” ** 7 The strategies used
to address the opportunity element of behaviour change
included audits undertaken by trainee prescribers, oppor-
tunities to issue new prescriptions following review of the
prescribed antibiotics during the patients’ hospitalisation
period53 and bedside consultations with microbiologists,
pharmacists and infectious diseases consultants,™ ***7 %!

DISCUSSION

Summary of evidence

This scoping review mapped studies on IP and AMS inter-
ventions targeting healthcare associated C. difficile and
CRKP published between 2010 and 2019. Interventions
on AMS included restrictive antimicrobial policies and
treatment protocols, specialists’ consultations, notifica-
tions and alert systems, as well as audits and feedback
(also referred to as academic detailing). Interventions on
IP precautions aimed at curbing the healthcare-associated
transmission of C. difficileand CRKP included surveillance
through active screening and cultures, isolation precau-
tions, environmental measures (disinfection and biocidal
linen), use of care bundles and education of staff and or
patients. Interventions targeting C. difficile appeared to
focus more on AMS, while interventions targeting CRKP
appeared to focus more on screening, isolation precau-
tions or environmental disinfection as core strategies.
Clostridioides difficileand CRKP belong to the wider group
of ESKAPE pathogens that significantly contribute to
the burden of HCAIs. The findings above also show that
interventions targeting either C. difficile or CRKP have
a significant impact on the healthcare associated risk of
other ESKAPE pathogens. The interventions could also
be applicable to interventions targeting other members
of the ESKAPE pathogens in healthcare settings.

Based on the findings of this scoping review, we propose
that the acronym ESCAPE-BIN (Education, Surveillance/
Screening, Consultations, Audits, Policies and Protocols,
Environmental measures, Bundles of care, Isolation and
Notifications or alerts) is used to denote the common
AMS and IP interventions targeting C. difficile and CRKP
in healthcare settings. The proposed acronym provides
a useful categorisation of the specific actions applicable
to AMS programmes as broadly outlined in the core
elements for AMS by the Centres for Disease Control and
Prevention.” This acronym could potentially improve
the understanding of the core elements by AMS teams
as it highlights the specific interventions that address
the requirements of the core elements. These include
educating clinicians on appropriate use of antibiotics,
specialist consultations to provide required expertise
in antimicrobial prescribing, as well as audits, feedback
and surveillance to track and report on appropriate use
of antimicrobials as outlined in the core elements.”” ™
Furthermore, the acronym provides a quick reference
for AMS teams that could be useful in identifying gaps
in AMS programmes or mapping intervention priorities.

This study also set out to describe the key outcomes for
IP and AMS interventions targeting healthcare associated
C. difficile and CRKP. The identified outcomes included
antimicrobial use, resistance rates of the targeted patho-
gens, risk reduction, adherence to IP precautions,
hospital stay and time savings. The majority (56%) of the
interventions targeting C. difficile appeared to focus more
on the use of antimicrobial agents as a key outcome. This
is consistent with available evidence on the inappropriate
use of antimicrobial agents as a key risk factor for CDIs.
Recent studies have shown that reducing the prescription
of antimicrobials can potentially reduce the incidence
of CDIs in both healthcare and community settings.” *
Comparatively, only 16% of the interventions targeting
CRKP reported an impact on the use of antimicrobial
agents as summarised in the findings above.

This scoping review also sought to assess whether AMS
and IP interventions targeting C. difficile and K. pneu-
moniae incorporated existing evidence on behaviour
change. A systematic review on behaviour change frame-
works identified three key components namely capa-
bility, opportunity and motivation (COM-B) as beinh%
critical for interventions targeting behaviour change.’
Capability refers to one’s capacity/ability (perceived
or actual) to engage in a behaviour, while motivation
comprises the cognitive and emotional processes that
energise or directs a person’s behaviour. Finally, oppor-
tunity refers to factors extrinsic to an individual that
make a desired behaviour possible, such as time, equip-
ment and space.”” Broadly, the interventions assessed in
this scoping review focussed on antimicrobial prescrip-
tion behaviours and IP behaviours from a ‘capability’ or
‘opportunity’ perspective. However, it was not possible to
ascertain whether a specific behaviour change framework
was applied across the included studies except for one
intervention that applied Kotter’s eight-steps model for
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organisational change® and recorded the second largest
(75%) sustained reduction in antimicrobials use over a
3-year period. Although Kotter’s model provides detailed
guidance on organisational change, it s been criticised for
being too top-down with more focus on the management
staff as opposed to junior employees.” Due to the limited
information provided about the interventions, this review
could not establish whether the interventions considered
all the critical elements necessary for successful behaviour
change namely capability, opportunity and motivation.
Comparatively, interventions targeting CRKP generally
appeared to impact more on the risk of other HCAIs
when compared with interventions targeting C. difficile.
This could be because CRKP interventions appeared to
broadly target IP behaviours of healthcare personnel
which cut across most pathogens while C. difficile inter-
ventions broadly targeted prescription behaviours which
tend to be specific to the targeted organism.

Generally, IP and AMS interventions targeting C. difficile
and CRKP in healthcare settings tend not to be based on
behaviour change principles but are rather more adhoc
and building interventions around behaviour change
techniques (BCT) and their principles could potentially
lead to greater success. There was limited evidence from
the included studies on how the interventions influenced
compliance with either IP or AMS interventions targeting
C. difficile and CRKP. This scoping review also established
that physicians tend to be involved more in IP and AMS
interventions targeting C. difficile and CRKP in compar-
ison to other cadres of healthcare professionals. Almost
half of the interventions in the present study involved
physicians which was slightly higher than nurses (44%),
whereas support staff including care workers participated
in nearly one-third of the interventions. In healthcare
settings, physicians are among the least proportionate
healthcare workers and their contact with patients may
be less frequent compared with nurses and carers looking
after patients round the clock. Consequently, it is also
worth exploring whether proportionate variations in the
cadres involved in IP and AMS interventions could have
an influence on the key outcomes.

Conclusions

AMR represents a global threat requiring urgent measures
to protect lives. Reducing the burden of AMR entails a
host of multilevel approaches on IP and AMS. This review
mapped out IP and AMS interventions targeting C. diffi-
cileand CRKP. These interventions include ESCAPE-BIN.
The review also described the key outcomes for these
interventions including antimicrobial use, cost reduc-
tions, resistance rates and risk of infection, time savings,
hospital stay, as well as adherence to contact/IP precau-
tions and protocols. Finally, the review established
evidence gaps on the application of current evidence on
behaviour change interventions and adherence to IP and
AMS interventions.
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