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ABSTRACT

Background Nosocomial infections (NIs) are associated
with extra treatment costs, medical complications,
reduction of quality of life and mortality. This systematic
review intends to consolidate the evidence on the
economic evaluation of four clinical best practices (CBPs)
related to NI prevention and control interventions: hand
hygiene, hygiene and sanitation, admission screening and
basic and additional precautions. It will measure the return
on investment of these CBPs.

Methods and analysis Electronic searches will be
conducted on MEDLINE, CINAHL, EMBASE, Cochrane, Web

of Science and JSTOR. OpenGrey will also be consulted for
articles from 2000 to 2018, published in English or French.
The population includes studies undertaken in medical or
surgical units of hospitals of the Organisation for Economic
Co-operation and Development countries. Studies will report
the prevention and control of Clostridium difficile-associated
diarrhoea, methicillin-resistant Staphylococcus aureus,
vancomycin-resistant enterococci and carbapenem-resistant
Gram-negative bacilli. Interventions evaluating any of the four
CBPs will be included. The design of articles will fall within
randomised clinical trials, quasi-experimental, case-control,
cohort, longitudinal and cross-sectional studies. Outcomes
will include incremental cost-effectiveness ratio, incremental
cost per quality-adjusted life-year, incremental cost per
disability-adjusted life year and the incremental cost-benefit
ratio, net costs and net cost savings. Two authors will
independently screen studies, extract data and assess risk
of bias using the Scottish Intercollegiate Guidelines, the
Drummond Economic Evaluation criteria and the Cochrane
criteria for Systematic Reviews of Interventions. Consolidated
Health Economic Evaluation Reporting Standards will be used
for data extraction. All values will be adjusted to Canadian
dollars ($C) indexed to 2019 using the discount rates

(3%, 5% and 8%) for sensitivity analyses. This review will
demonstrate the effectiveness of the CBPs in prevention and
control of Nis. Decision-makers will thus have evidence to
facilitate sound decision-making according to the financial
gains generated.

Ethics and dissemination The results of this systematic
review will be published in a peer-reviewed journal and
presented at a relevant scientific conference. Ethical
approval is not required because the data we will use do
not include individual patient data.

Strengths and limitations of this study

» Previously unaddressed cost-effectiveness and cost
benefit of four clinical best practices (hand hygiene,
hygiene and sanitation, screening, basic and addi-
tional precautions) associated with nosocomial in-
fection prevention and control are evaluated.

» While other studies focus on a single disease-causing
pathogen, this review will consider the clinical best
practices related to the prevention and control of
four pathogens: Clostridium difficile-associated
diarrhoea, methicillin-resistant ~ Staphylococcus
aureus, vancomycin-resistant enterococci and
carbapenem-resistant Gram-negative bacilli.

» Articles will be scrutinised by two reviewers for
inter-rater reliability, and later assessed for quali-
ty including the Scottish Intercollegiate Guidelines,
the Economic Evaluation criteria developed by
Drummond et al and Cochrane criteria for system-
atic review.

» Only the Organisation for Economic Co-operation
and Development countries will be considered, lim-
iting the generalisability of these findings to other
nations.

» Paediatric patient populations will not be consid-
ered; thus, this review will provide an estimate, but
not true cost of nosocomial infection control for a
paediatric population.

INTRODUCTION

Nosocomial infections (NI) or heathcare-
associated infections have been defined by the
Centers for Disease Control and Prevention
as ‘a localised or systemic condition resulting
from an adverse reaction to the presence of
an infectious agent(s) or its toxin(s)’.! This
condition must develop >48hours after admis-
sion to the healthcare setting, and there must
be no previous evidence of the infection. NIs
are a serious topical public health problem
experienced around the world and are associ-
ated with extra treatment costs, complications,
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reduction of quality of life and mortality.*™* Since 2004, in
Québec, Canada, there have been mandatory monitoring
programmes for the prevention and control of four patho-
gens that cause NIs: Clostridium difficile-associated diarrhoea
(CDAD), methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE) and carbapenem-
resistant  Gram-negative  bacilli (CRGNB)."®  These
programmes are generally based on four clinical best prac-
tices (CBPs) related to NI prevention and control (NIPC)
interventions: hand hygiene, hygiene and sanitation, admis-
sion screening and basic and additional precautions.”

There are some literature reviews related to the impacts
of NIPC interventions. Most of them are generally related
to the economic burden of NIs.'"'* The systematic review
conducted by Arefian et al provided an economic analysis
of the prevention and control of NI in hospitals around
the world.? It dealt with the prevention and control of
falls, urinary tract infections, surgical site infections,
blood infections and pneumonia in medical, surgical,
paediatric and intensive care units. However, this system-
atic review did not focus directly on the prevention and
control of the four organisms mentioned above (CDAD,
MRSA, VRE and CRGNB). Furthermore, among the
interventions analysed, additional precautions (eg, isola-
tion of patients) and hygiene and sanitation were not
considered. Other systematic reviews of the literature
have focused on the effectiveness of the prevention and
control of a single NI Unfortunately, they are >7years
old. On the other hand, an information audit of NIPC
programmes was also conducted by Stone et al'® This
audit highlighted the efficiency of the prevention and
control of the four organisms by taking into account the
different forms of economic analysis: cost-minimisation
analysis (CMA); cost-effectiveness analysis (CEA); cost-
utility analysis (CUA) and cost-benefit analysis (CBA).
Unfortunately, this audit review, which was not a system-
atic review, did not assess the quality or risk of bias of the
articles included in the study. It also did not assess the
effectiveness of the four CBPs (hand hygiene, hygiene
and sanitation of surfaces and equipment, admission
screening and additional precautions) simultaneously.

To the best of our knowledge, faced with gaps in the liter-
ature, it seems appropriate to conduct a systematic review
of the literature to consolidate the evidence on economic
evaluation of the four CBPs related to NIPC interventions.
This review will allow our team to measure the return on
investment of these practices for the prevention and control
of the four most common NIs in hospitals in Canada.
Furthermore, this systematic review will analyse the effec-
tiveness of the interventions through five economic analysis
approaches: CMA, CEA, CUA, CBA and cost-consequences
analysis (CCA).

METHODS

Theoretical framework

This study is based on the infection control intervention
framework developed by Resar et af at the Institute for

Healthcare Improvement in the USA, which defines a
set of CBPs, or ‘bundles’, each of which consists of three
to five evidence-based practices. These practices ensure
that all healthcare professionals can provide safe care to
their patients. This intervention framework supported
the implementation, in Canadian and Quebec healthcare
institutions, of infection prevention and control strategies
as well as the creation of Canadian® and Quebec” 17 safe
care campaigns. According to the Public Health Agency
of Canada, best practices focused on NIPC would reduce
the risk of contracting some NIs to nearly zero.'"® The
four actions that will be considered in this study across
all bundles are: (1) hand hygiene; (2) hygiene and sanita-
tion of surfaces and equipment; (3) admission screening
of patients with, or who are at risk of infection, in accor-
dance with the healthcare facility’s protocols and (4)
the application of basic and additional precautions. The
NIPC theoretical framework for this study highlighting
the four CBPs associated with reduction of rates of infec-
tion is presented in figure 1.

Hand hygiene

Hand hygiene refers to the washing and disinfection
of hands, wrists and forearms using water, soap, hydro-
alcoholic solutions or alcoholic antiseptic solutions. This
action begins with wetting the hands and continues until
they are completely dry.'” WHO estimates that hand
hygiene could help reduce healthcare-associated infec-
tions by between 30% and 70%.%

Hygiene and sanitation of surfaces and equipment

In 2005, the Au coin report, entitled D’abord, ne pas nuire
(first, do mo harm), stressed the importance of cleanliness
and sanitation as a basic measure for infection prevention
and control.”' Neglecting the regular preventive cleaning
and disinfection of surfaces and equipment results in
a reservoir for the proliferation of microorganisms.
Hygiene and sanitation must be carried out with appro-
priate frequency (one or more times per day) depending
on the prevalence of infection at the site.****

Screening on admission of patients who are carriers or who are
considered at-risk

Screening is the systematic testing of persons for a previ-
ously undetected NI condition or a potential carrier.
Screening techniques differ depending on the type
of organisms of concern which have the potential to
cause an NI in the patient or be transferred to others.
In general, it consists of making a clinical diagnosis
and performing laboratory analyses. Any patient who is
currently hospitalised or has been previously hospitalised
is considered atrisk if he or she presents with signs and
symptoms related to an infection. Those patients who
present without any signs or symptoms are considered
colonised or potential carriers. Analyses of faeces and
blood, nasal smears, laboratory tests and blood cultures
may be used to detect pathogens according to predefined
surveillance protocols for each of the NIs, in symptomatic
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Hand hygiene

- Education, awareness, training and
motivation regarding hand hygiene

- Administrators’ involvement and support for
strategies related to hand hygiene

- Surveillance regarding hand hygiene

- Cleaning and frequent disinfection of at-risk
areas

- Protection of floors and surfaces

- Training and information about hygiene and
sanitation

- Protocol and intervention techniques

Hygiene and
sanitation of
surfaces and
equipment
NIPC Best _clinical
Programme prac':llt;ecs for

Screening on admission
or during hospitalization

Compliance with clinical protocols

of symptomatic patients
(carriers or infected)

according to type of infection:
CDAD, MRSA, VRE, CPGNB

Basic and additional

- Placement and accommodation (isolation)
- Use of personal protection equipment

precautions

- Management of outbreak

Reduction of
nosocomial
infections: CDAD,

MRSA, VRE,
CPGNB

Figure 1 Nosocomial infection prevention and control framework based on clinical best practices. CDAD, Clostridium difficile-
associated diarrhoea; CRGNB, carbapenem-resistant Gram-negative bacilli; MRSA, methicillin-resistant Staphylococcus aureus;
NIPC, nosocomial infection prevention and control; VRE, vancomycin-resistant enterococci.

or even asymptomatic patients.24_27 A bacterial strain is
considered resistant if it meets certain clinical diagnostic
criteria in conjunction with minimum inhibitory concen-
tration tests used to determine the most appropriate
antibiotics.”

Additional precautions

In addition to the three above-mentioned basic prac-
tices, additional precautions must be taken when an NI is
reported. While these depend on the infection detected,
they include, but are not limited to, isolation measures
and the application of contact precautions with patients
who are carriers or infected.® In the event that a major
outbreak of an NI is declared, best clinical practices
must be intensively applied, and additional meetings and
resources are added over the course of its duration.”®

Economic analysis and research questions

Before embarking on an economic analysis, it is important
to clarify that the interpretation of economic studies
must consider three elements: the analytical perspective,
the time horizon and other factors influencing cost, all
the while taking into account the patient’s prior condi-
tion.” The analytical perspective—patient, hospital or
societal—determines the choice of costs to include in
the calculations. For example, from a hospital perspec-
tive, medical costs will not include patient-related costs
after discharge or costs related to lost productivity due
to hospitalisation. The time horizon sets the time frame
within which medical costs are measured. Other factors
influencing the costs of care are the stage and severity
of disease, comorbidities, risk factors, admitting diagnosis
and length of stay.” *’

There are several approaches to economic analysis
of intervention efficiency: CMA, CEA, CUA, CBA and
CCA.”""** The first three are based on comparing interven-
tions. A CMA assumes identical outcomes and compares
only intervention costs. A CEA assesses the differential
cost-effectiveness ratio representing the incremental cost,
divided by number of life-years gained. A CUA calculates
the differential cost-utility ratio indicating the additional
cost required for health-related quality of life (quality-
adjusted life-year (QALY)) improvements. In a CBA, costs
and benefits are measured in monetary units. The differ-
ence between economic benefits and costs in terms of net
gains or losses is estimated. In this approach, an exam-
ined intervention will be compared against the status quo
to determine its return on investment or proﬁtability.go
Finally, a CCA is based on a tabular presentation of costs
and consequences. Once the cost valuation has been
completed, a list is drawn up of all possible intervention
outcomes and the choice can be made to value certain
potential outcomes.”’

Conducting an economic analysis of NIPC therefore
involves examining issues of quality management, preven-
tion and care safety. Thus, as Finkler (1993, 1996) stated,
the cost of quality management takes into account both
the cost of investing in preventive measures and the cost
of quality failures or problems experienced.” ** The
author suggests a certain level of quality can be achieved
by investing in prevention. As such, there is a threshold,
called the optimum, beyond which prevention could
increase quality. Therefore, according to Finkler’s model,
the economic analysis of a NIPC programme using CBPs
requires that the following questions be asked:
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Table 1

Population, Interventions, Comparators and designs, Outcomes design

Population
Geographic area
Establishment

OECD
Care unit Medical and surgical

Patients
Excluded: children

Infections studied
Interventions

Clinical best practices (CBPs)*
Type of design and comparators

Hospitals, acute care or short-term care facilities

Hospitalised >48 hours and <30 days

CDAD and MDROs (MRSA, VRE, CPGNB)

Hand hygiene; hygiene and sanitation; screening; additional precautions
Randomised clinical trial, quasi-experimental study, longitudinal study, case-control

study, cohort study (prospective or retrospective)

Outcomes depending on the type of
economic evaluation

Costs estimates of CBPs, incremental cost-effectiveness ratio, incremental cost per
quality-adjusted life-year, incremental cost per disability-adjusted life-year and the

incremental cost-benefit ratio, net costs and net cost savings

*See details in figure 1.

CDAD, Clostridium difficile-associated diarrhoea; CPGNB, carbapenem-resistant Gram-negative bacilli; MDRO, multidrug-resistant organism;
MRSA, methicillin-resistant Staphylococcus aureus; OECD, Organisation for Economic Co-operation and Development; VRE, vancomycin-

resistant enterococci.

i.  What are the costs of NIs related to poor quality?

ii. What is the cost of investing in prevention through
CBPs in NIPC?

iii. What is the optimal break-even point for measuring
return on investment when comparing prevention in-
tervention costs against potential benefits?

Eligibility criteria

The inclusion and exclusion criteria for the studies will
be based on the Population, Interventions, Comparators
and designs, Outcomes design, summarised in table 1.

Type of population (P)

The study will include studies related to the prevention
and control of the most commonly monitored patho-
gens causing NIs in Quebec hospitals since 2004: CDADs
and the three multidrugresistant organisms: MRSA,
VRE and CRGNB. Furthermore, acute-care wards (medi-
cine and surgery) with the highest numbers of hospital-
ised patients aged 18 years and over will be considered.
Finally, the population of the Organisation for Economic
Co-operation and Development (OECD) countries will
be targeted. Paediatric as well as long-term care settings
will be excluded.

Type of interventions (1)

The interventions targeted by this review will be based on
the study’s theoretical NIPC framework (figure 1). The
four major types of intervention (hand hygiene, hygiene
and sanitation, screening and additional precautions)
related to CBPs in NIPC will be analysed. Studies that only
investigated other prevention measures will be excluded.

Type of comparators or designs

In regard to comparators and designs, this review will
include: randomised clinical trials, quasi-experimental,
case-control, cohort (retrospective and prospective),

longitudinal and cross-sectional studies. We will consider
all studies that use control groups, either as standard
of care or relative levels of compliance. We will also
include all studies that measure the effectiveness of NIPC
campaigns, especially as it might concern compliance.
However, we will focus on studies that provide a measure
of economic evaluation of various NIPC practices. Reviews
and studies, technological assessments, purely clinical
studies, studies based solely on mathematical and statis-
tical modelling will be excluded.

Type of outcomes or intended results (0)

Outcomes or intended results (O) will cover the quanti-
tative studies using CMA, CEA, CUA, CBA and CCA, as
well as those combining any of these types of analyses. We
will consider healthcare facilities for the analytical frame
and lyear as the time horizon. Studies that only assess the
costs and cost-effectiveness of any of the four CBPs will
also be included.

Cost outcomes will be reported in terms of: (i) cost esti-
mates of hand hygiene, hygiene and sanitation, admission
screening and basic and additional precautions (measures
of cost will include average estimated cost of human and
material resources, as well as products used for each CBP)
and (ii) measure of cost-effectiveness reported as the
incremental cost-effectiveness ratio, incremental cost per
QALY, incremental cost per disability-adjusted life year,
incremental cost-benefit ratio and net costs.

Data sources and research strategy

This systematic review was registered with the
Research Registry of systematic reviews/Meta-analyses
(researchregistry5355:  https://www.researchregistry.
com/browse-the-registry#home/). It will be conducted
in accordance with the recommendations of Preferred
Reporting Items for Systematic Review and Meta-analysis
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Table 2 CINAHL search strategy, to be modified as needed for the four other databases

No. Queries
1 ‘cross infection’.sh. OR clostridium difficile.sh. OR vancomycin resistant enterococci.sh. OR VRE.ti. or VRE.
ab. or ERV.ti. or ERV.ab. OR (Enteroc*.ti. or Enteroc*.ab.) AND (resistant.ti. or resistant.ab.) AND (vancomycin.
ti. or vancomycin.ab.) OR methicillin resistant staphylococcus aureus.sh. OR Carbap*.ti. or Carbap*.ab. OR
(Staphylococcus.ti. or Staphylococcus.ab.) AND (aureus.ti. or aureus.ab.) AND (methicillin.ti. or methicillin.ab.)
2 (Staphylococcus.ti. or Staphylococcus.ab.) AND (aureus.ti. or aureus.ab.) AND (methicillin.ti. or methicillin.ab.)
8 VRE.1i. or VRE.ab. or ERV.ti. or ERV.ab.
4 (Enteroc*.ti. or Enteroc*.ab.) AND (resistant.ti. or resistant.ab.) AND (vancomycin.ti. or vancomycin.ab.)
5 Carbap*.ti. or Carbap*.ab.
6 (Bacil*.ti. or Bacil*.ab.) AND (gram.ti. or gram.ab.) AND (neg*.ti. or neg*.ab.)
7 methicillin resistant staphylococcus aureus.sh. OR vancomycin resistant enterococci.sh. OR clostridium difficile.sh.
OR ‘cross infection”.sh.
8 1OR20R30R40R50R60R7
9 (cost* or price or prices or pricing or expenditure or expenditures or expense or expenses or finan* or fees or charges
or budget or budgets OR ‘econom* analysis' or efficienc* or 'cost effect*' or 'cost utility' or ‘cost benefi*' or 'cost
consequenc*' or ‘cost effic*').ab,ti.
10 (‘cost allocation’ or ‘cost benefit analysis’ or ‘cost control’ or ‘cost savings’ or ‘costs and cost analysis’).sh.
11 90R 10
12 ‘cohort stud*' or 'longitudinal stud*' or 'follow-up stud*' or 'prospective stud*' or 'retrospective stud*' or 'controlled
clinical trial*' or 'randomized controlled trial** or RCT or random* or blind or case*
13 cohort studies.sh. OR longitudinal studies.sh. OR follow up studies.sh. OR prospective studies.sh. OR retrospective
studies.sh. OR randomized controlled trial.sh. OR controlled clinical trial.sh. OR case control studies.sh.
14 120R 13
15 (clean* or control or prevention or screen* or wash or protect* or isolation or sanitation or hand* or aseptic* or
intervent” or program* or strateg* or hygiene*).ab;ti
16 hand.sh. OR asepsis.sh. OR hygiene.sh.
17 150R 16
18 8 AND 11 AND 14 AND 17

Protocols” (see online supplementary file 1). All speci-
fications for elements related to the construction of the
flow diagram will be explicitly presented. Articles will be
selected from the scientific literature. The following six
electronic bibliographical databases will be considered
on iterative exploratory searches: MEDLINE via Ovid,
CINAHL, EMBASE, Cochrane, Web of Science and
JSTOR. Grey literature, namely Cordis and OpenGrey,
will be added. Additionally, two NIPC programme offi-
cers and coauthors will contribute to the validation by
determining the keywords specific to NIPC. Only scien-
tific articles written in English or French and published
between 2010 and 2019 will be included in the study.
The databases will be queried using descriptors or
thesauri with the logical operators ‘AND’ and ‘OR’. We
developed the search strategy in collaboration with an
experienced librarian (CS) and the research strategies
to be tested (table 2) have already been defined during
the working meetings of the co-investigators.

Citations will be imported into Rayyan®® following
which article selection will be undertaken by two
reviewers working independently. In order to reinforce
the uniformity, all authors will screen the same 10% of
the titles and the abstracts.

Selection process

The research strategy will be applied by the librarian
(CS) at the Saint-Jéréome campus of the Université du
Québec en Outaouais to select scientific articles from
the databases and prepare the EndNote bibliographic
database. In the first round of selection, two indepen-
dent reviewers (ET, IB) will screen all of the titles and
abstracts of the selected articles. Duplicates will be iden-
tified and removed. We built an algorithm (figure 2)
that will be used by each reviewer to perform an
initial screening of articles using predefined eligibility
criteria. An article will be retained if both independent
reviewers consider it eligible. If one of the reviewers
rejects an article, a third reviewer (another coauthor)
will analyse the article title and abstract and make a
final decision. An article will be rejected if at least two
of the three reviewers consider it ineligible. In the final
round, all articles screened from the reading of title
and abstracts will be read in their entirety. Those that
meet our criteria will be retained.

Data extraction
Regarding the data extraction, a consensually framed Excel
spreadsheet based on Consolidated Health Economic
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First round screening algorithm

Title &/or Include for
1 Abstract (1) No full reading 2001-01-01 Cost-effectiveness of urinary dipsticks to screen
‘ Include Maybe , Exclude ‘Wrong unit] K HLabe\
2 m Language Wrong language
French or English D

: Mandarin, German
3[ moveto |t °I:|
4 Country Wrong country
m of 0ECD(3) oD Not OECD
e Wrong setting
5 m Hospital ﬂ: Ex: pediatric, nursing home
Wrong Unit
Clinical Unit Ex: pediatric, GynOb

6 m Medecine/Surgery(4) D * 4

@ Wrong population

Adult .

R | ovcomer (@ R
Include for

full reading

) - Add I
An to its of th

catheters to reduce the risk o *\Wongunit tions ir

Wrong Deslign

Ex: qualitative study Note: In screening, we will not use the

‘Maybe’ option

Yes

Figure 2 Screening algorithm. ' The reference has or does not have a TITLE and/or an ABSTRACT. 2Design: controlled clinical
trial or RCT or (Cohort or Longitudinal or Follow-up or Prospective or Case or Blinded or Retrospective) studies or cross-
sectional studies. EXCLUDED: qualitative studies, literature reviews or studies based solely on mathematical and statistical
modelling: *0ECD countries: OECD OR Australia OR Austria OR Belgium OR Canada OR Chile OR The Czech Republic OR
Denmark OR Estonia OR Finland OR France OR Germany OR Greece OR Hungary OR Iceland OR lIreland OR Israel OR Italy OR
Japan OR Korea OR Latvia OR Lithuania OR Luxembourg OR Mexico OR Netherlands OR Holland OR New Zealand OR USA or
Norway OR Poland OR Portugal OR Slovak Republic OR Slovenia OR Spain OR US or Sweden OR Switzerland United Kingdom
OR England OR UK OR United States of America. “Clinical setting: acute care, medicine, surgery. EXCLUDED: nursing home,
long-term care and paediatric ward. *Outcomes: incremental cost-effectiveness ratio, incremental cost per quality-adjusted life-
year, incremental cost per disability-adjusted life-year and the incremental cost-benefit ratio, net costs and net cost savings.
EXCLUDED: studies assessing technology or studies purely clinically oriented.

Evaluation Reporting Standards™ will be built to extract ii. Second, the Economic Evaluation criteria developed
the following information: authors, year of publication, by Drummond et al’ to assess the quality of the arti-
title and abstract, objective of the study, country, type of cles; these criteria are commonly used in health eco-
clinical unit, design, type of economic evaluation, sample nomic evaluation and were used in previous research
size, population size, currency and adjustment year, time we conducted.®® Based on the 10 criteria of this scale,
horizon, outcomes related to incremental cost and funding the studies will also be classified into three groups
sources. The extraction will be made by one reviewer (IB) according to their quality: high quality (8 or more

and the principal investigator (ENT) will validate. If the
article requires technical or professional expertise, two PCI
programme specialists (SB and NP) will assess the content

of the 10 criteria present); medium quality (between
5 and 7 criteria present) and low quality (below 5

d firm the validati criteria).
and confirm the validation. iii. Third, the Cochrane criteria*! for economic evalua-
Risk of bias assessment or assessment of the quality of the tion will be used to ensure compliance with the stan-
articles dards of the Cochrane Handbook for Systematic Reviews
All articles that satisfy the inclusion criteria will be anal- of Interventions. It will also be used to assess the risk
ysed. Based on the approach used by Arefina et al,2 the of bias in individual articles. As with the extraction of
selected articles will be analysed using three tools: articles, two reviewers will independently assess the
i.  First, the audit guidelines for economic evaluation quality of the articles. If a consensus is not reached, a
studies recommended by the SIGN.* third reviewer will arbitrate.
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Data analysis and aggregation of results

For each type of intervention, costs, incidence reduc-
tion of NIs owing to the intervention, cost-effectiveness
ratios, cost-utility ratios and cost-benefit ratios will be
classified in results tables. The year of calculation and
the currency used will also be indicated. Based on the
exchange rate, all currencies will be converted to Cana-
dian dollars ($C) of the same benchmark year. Using
the discount rates of 3%, 5% and 8% recommended by
Montmarquette and Scott,* the costs will be converted to
CAD 2019. The median values of cost outcomes (in terms
of reducing the incidence of an NI), and incremental
ratios (cost-effectiveness, cost-utility and cost-benefit) will
be estimated for each discount rate. Sensitivity analyses
will be carried out on the median values, indicating the
maximum and minimum values of the outcomes. This
approach was used in a study conducted by Tchouaket et
al.® Finally, we will use the Grading of Recommendations,
Assessment, Development and Evaluations guidelines44
to analyse the robustness of the suggested recommen-
dations in relation to the efficiency of CBPs in NIPC. In
cases of missing information on inflation adjustment, we
plan to first contact the corresponding author. If this is
not successful, we will assume that the costs were adjusted
to the last year of the data collection in the study.

Ethics and dissemination

The results of this systematic review will be published in a
peer-reviewed journal and presented at a relevant scien-
tific conference. Ethical approval is not required because
the data we will use do not include individual patient
data. However, this systematic review is included in the
protocol of the research programme entitled ‘Analyse
économique de la prévention et contrdle des infections
nosocomiales’. This programme has been accepted by the
Research Ethics Committee of the Université du Québec
en Outaouais.

DISCUSSION

Critically appraising and synthesising evidence from a
body of NIPC literature across diverse healthcare systems,
populations and intervention methodologies carries an
inherent limitation in the interpretation of findings. To
help address this challenge, we will assess studies using
the above-mentioned quality guidelines in order to group
studies by level of quality, and all findings will be inter-
preted with caution.

Despite the fact that this paper takes into account a
limited number of NIPC interventions (four), this study
will be useful for decision-making. It will provide infor-
mation on implementation costs and financial profits to
be invested in preventive measures related to CBPs to
prevent the four most commonly monitored organisms
that cause NIs. It will inform the international scientific
literature on the cost of investing in CBPs related to
NIPC and particularly on the efficiency of NIPC-related
CBPs. The results will therefore be useful for comparison

between OECD countries in terms of the four clinical
best practices related to NIPC. This review may in turn
promote the investment in NIPC programmes. It may also
increase compliance in these practices, giving healthcare
providers and policy makers evidence that can encourage
the effective application of infection control guidelines.

Patient and public involvement

This systematic review was undertaken without patient
involvement. Patients were not invited to comment on the
study protocol design and were not consulted as to how
this work may inform patient relevant outcomes or how a
patient might interpret results. Patients were not invited
to contribute to the writing nor the editing of this manu-
script; however, a representative of the Québec public
health network (NP) and two clinical nurses working with
patients (SB, KK) are among the coauthors. The results
of this work will be disseminated to the public and to the
healthcare professional networks involved in this project
via conferences, publications and presentations.
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