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Abstract
Background: Antimicrobial resistance (AMR) is a recognized threat to global public health. Increasing AMR and a
dry pipeline of novel antimicrobial drugs have put AMR in the international spotlight. One strategy to combat AMR
is to reduce antimicrobial drug consumption. Governments around the world have been experimenting with different
policy interventions, such as regulating where antimicrobials can be sold, restricting the use of last-resort antimicrobials,
funding AMR stewardship programs, and launching public awareness campaigns. To inform future action, governments
should have access to synthesized data on the effectiveness of large-scale AMR interventions. This planned systematic
review will (1) identify and describe previously evaluated government policy interventions to reduce human
antimicrobial use and (2) estimate the effectiveness of these different strategies.
Methods: An electronic search strategy has been developed in consultation with two research librarians. Seven
databases (MEDLINE, CINAHL, EMBASE, CENTRAL, PAIS Index, Web of Science, and PubMed excluding MEDLINE) will be
searched, and additional studies will be identified using several gray literature search strategies. To be included, a study
must (1) clearly describe the government policy and (2) use a rigorous design to quantitatively measure the impact of
the policy on human antibiotic use. The intervention of interest is any policy intervention enacted by a government or
government agency in any country to change human antimicrobial use. Two independent reviewers will screen for
eligibility using criteria defined a priori.
Data will be extracted with Covidence software using a customized extraction form. If sufficient data exists, a
meta-analysis by intervention type will be conducted as part of the effectiveness review. However, if there are
too few studies or if the interventions are too heterogeneous, data will be tabulated and a narrative synthesis
strategy will be used.
Discussion: This evidence synthesis is intended for use by policymakers, public health practitioners, and researchers to
inform future government policies aiming to address antimicrobial resistance. This review will also identify gaps in the
evidence about the effectiveness of different policy interventions to inform future research priorities.
Systematic review registration: PROSPERO CRD42017067514.
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Background
Antimicrobial resistance (AMR) is widely recognized as a
serious threat to global public health. One estimate suggests
that resistance is currently responsible for 700,000 deaths
per year, a death toll that is projected to reach 10 million a
year by 2050 [1]. The potential for AMR has been recognized since the earliest days of antibiotics [2]; yet, the
misuse and overuse of antimicrobials have persisted over
decades, contributing to the development of resistance.
Overuse of antibiotics exerts a selection pressure on microbes and accelerates the evolution of resistant strains of
disease-causing organisms [3]. In the past, the threat of
AMR was addressed by developing novel antimicrobial
agents; however, there have not been any such novel agents
developed in over 20 years, and few new potential agents
are in development [4–6]. As a result, there is increasing
awareness around the need to minimize the development
of AMR through better conserving the effectiveness of
existing antimicrobials.
AMR is a complex and multi-faceted problem, and
intervening to minimize resistance is difficult. A key part
of the global strategy on AMR is promoting the appropriate use of antimicrobials; inappropriate use and overuse of
antimicrobials are major drivers of resistance [3]. Evidence
suggests that reducing antibiotic use is associated with
lower rates of resistance [3]. Two systematic reviews have
linked community antimicrobial use to resistance; one
found that individuals prescribed an antibiotic in primary
care developed resistance to that antibiotic with detectable
effects for up to a year [7], while the other found higher
resistance rates among pathogens circulating in areas with
higher antibiotic use [8]. Mathematical modeling suggests
that reductions in antibiotic use would result in lower
resistance rates because genetically less “fit” resistant
strains would be outcompeted by susceptible strains [9].
Recent analyses of a Scottish intervention found substantial
decreases in methicillin-resistant Staphylococcus aureus
(MRSA) and Clostridium difficile infections associated with
decreases in prescribing of key antibiotics [10, 11]. Reducing antimicrobial use among humans is important given
the relationship between hospital and community infections; the same Scottish study found that prevalence of
MRSA in the community was predicted by hospital MRSA
rates. Stewardship activities within the community were
associated with a 32% reduction in community MRSA,
while hospital-based interventions were responsible for an
additional 37% reduction in community MRSA [11].
Reducing antimicrobial use is, therefore, one of the most
common strategies that has been pursued to reduce AMR,
and antimicrobial use is one of the most commonly measured intervention evaluation indicators. Many hospitals, for
example, have implemented AMR stewardship programs to
reduce physician prescribing [12]. Governments—which
have various policy levers at their disposal—have also had
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success at reducing antimicrobial use. Mexico [13], Brazil
[14], and Chile [15], for example, all saw reductions in
antibiotic use after implementing policies to prevent overthe-counter sales of antibiotics. Less direct interventions
have also reduced antibiotic use; in Canada, a policy to
provide free universal influenza immunization was associated with a 64% reduction in inappropriate antibiotic prescriptions for influenza [16].
Using government policy to promote public health is
generally well-worth considering when challenges require
widespread and uniform compliance with a defined set of
minimum standards [17]; in that vein, research to date
suggests that government-level intervention may play a
key role in reducing AMR [18]. Currently, however, global
antimicrobial use is increasing; between 2000 and 2010,
there was a 36% global increase in antibiotic use, 75% of
which came from five of the world’s fastest growing economies: Brazil, Russia, India, China, and South Africa [19].
While the importance of government-level intervention is clear, to our knowledge, there has not yet been a
systematic review evaluating the extent to which different government policy interventions successfully reduce
antimicrobial use. This gap is worth filling urgently considering that many governments around the world are
actively considering numerous types of policy interventions that could reduce antimicrobial use, utilizing policy
levers such as legislation, taxation, economic incentives,
funding support, public awareness campaigns, and regulation of professionals and businesses whose work might
affect AMR [17]. The magnitude of AMR’s combined
threat to human health and economic development [1]
is already incentivizing governments to take a greater
role in addressing AMR. Given the World Health Organization’s recent call for the development of National
Action Plans on AMR [20], a focus on the potential impact of government policy interventions on antimicrobial use is extremely timely. In light of these motivations
and challenges, this systematic review intends to support
evidence-informed action on AMR at the government
level, by identifying, describing, and assessing the impact
of government policy interventions on human antimicrobial use. More specifically, this systematic review
aims to produce the following: (1) a descriptive review
that identifies and describes the government policy interventions that have been implemented and evaluated
with the objective of changing antimicrobial use in
humans and (2) an effectiveness review that assesses the
impact of these government policy interventions on reducing human antimicrobial use.

Methods
Protocol and registration

This systematic review protocol has been reported in accordance with the Preferred Reporting Items for Systematic
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Review and Meta-Analysis Protocols (PRISMA-P) guidelines [21] (see details in Additional file 1). Our review will
be carried out in accordance with this protocol, and details
of any changes to this protocol will be reported in the final
review manuscript. This study has been registered in
PROSPERO, the International Prospective Register of Systematic Reviews (Registration number CRD42017067514).
Criteria for including studies in this review
Types of study designs

For the descriptive review, we will include any study that
quantitatively describes the impact of a government policy
intervention to reduce inappropriate antimicrobial use. Inclusion of all quantitative study designs allows us to identify
a broad range of policy interventions and facilitates our goal
of identifying and describing the government policy interventions to address antimicrobial consumption that have
been implemented and evaluated to date (Table 1).
For the effectiveness review, our goal is to assess the
impact of government policy interventions on the quantity of antimicrobials consumed by humans. We will include experimental designs like randomized controlled
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trials (including stepped wedge designs) and quasiexperimental designs like interrupted time-series analyses and controlled before-and-after studies. Quasiexperimental designs will need to meet the minimum
methodological requirements of the Cochrane Collaboration’s Effective Practice and Organization of Care
(EPOC) group. This means that all controlled studies,
including controlled before-and-after studies, randomized controlled trials, and non-randomized controlled
trials, must have at least two intervention and two control sites and interrupted time-series studies must have
at least three measurements pre- and post-intervention
to be included. Uncontrolled before/after studies with at
least three measurements pre- and post-intervention
may also be included if it is possible to re-analyze the
data using an interrupted time-series analysis. We anticipate most included studies will evaluate impact using
routinely collected data from before and after the intervention’s implementation; a recent review of government
policy interventions addressing dietary sodium consumption found this to be the most popular study design
[22]. Qualitative studies, editorials, commentaries,

Table 1 Summary of inclusion/exclusion criteria for phase 1 and phase 2 of screening
Criteria
Phase 1/ 1) The study assesses a primary
title and outcome measure of interest.
abstract
screening

Include if

Exclude if

Study does not report on antimicrobial
Study reports on human antimicrobial use,
including consumption, prescribing, dosing,
use or only reports on antimicrobial use
and sales of an antibiotic, antiviral, antiparasitic, in animals or agriculture.
or antifungal drug.

2) The study quantitatively evaluates Study is a quantitative impact evaluation.
the effect of an intervention.

Study is a qualitative study, editorial,
commentary, review, or synthesis or
does not evaluate the impact of an
intervention.

3) A policy intervention is evaluated. A policy intervention using education,
persuasion, incentivization, coercion,
training, restriction, changing the physical
or social context, modeling appropriate
behavior, or reducing barriers to action
is being evaluated.

Intervention was not a change to a policy (e.g.,
clinical study).

Phase 2/ 1) The study assesses a primary
full-text
outcome measure of interest.
screening

Study reports on human antimicrobial use,
Study does not report on antimicrobial
including consumption, prescribing, dosing,
use or only reports on antimicrobial use
and sales of an antibiotic, antiviral, antiparasitic, in animals or agriculture.
or antifungal drug.

2) The study quantitatively evaluates Study is a quantitative impact evaluation.
the effect of an intervention.

Study is a qualitative study, editorial, commentary,
review, or synthesis or does not evaluate the
impact of an intervention.

3) The study reports on a policy
intervention enacted at the
government level.

The policy intervention was enacted by a
government or government agency at the
federal, state, provincial, or municipal level.

Intervention was not enacted by a
government (e.g., intervention was
enacted in a single hospital or
network of hospitals).

4) The intervention is clearly
described

The study provides a description that
includes the intervention’s aim, enacting
government authority, timing, and form.

The study does not describe the aim,
governing body, timing of the
intervention, or form of the intervention.

Effectiveness review only:
5) The study design is sufficiently
rigorous to meet the minimum
methodological requirements of
the Cochrane Collaboration’s
EPOC group

Effectiveness review only: Study design is
experimental or quasi-experimental, such
as randomized controlled trial, interrupted
time series, and controlled before/after
study, or it can be re-analyzed to meet
this standard.

Effectiveness review only: Study does
not have a control group or use
pre-intervention data and cannot be
re-analyzed.
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reviews, and other syntheses will be excluded; however,
the reference lists of relevant reviews and syntheses will
be hand-searched to identify other potentially relevant
studies.

policy or comparison with another policy. Eligible interventions can target all antimicrobials (e.g., all antibiotics), specific antimicrobials, or particular groups of antimicrobials
(e.g., 4C antibiotics).

Types of participants

Types of outcomes

The impact of a government policy may be evaluated at
any level, from the population level to the single hospital
or clinic level; for example, a study investigating the impact
of a national guideline might evaluate the impact on antibiotic sales at a national level, but it could also evaluate the
impact on prescribing rates in a single hospital. However,
in their statistical analysis, studies may include data from
anyone involved in the sale, purchase, prescription, or consumption of antimicrobial drugs such as patients, health
professionals, hospitals, pharmacies, and other healthcare
facilities. Studies that evaluate interventions in any country
or simultaneously in multiple countries (e.g., European
Union) are eligible for inclusion.

Many countries do not collect sufficient regional or national surveillance data on AMR to allow analysis of the
impact of policy-level interventions on resistance, and surveillance definitions of resistance vary between countries
[24]. As such, we chose to focus on antimicrobial use,
which is an intermediary between policy interventions and
AMR. Better data exists for this outcome, as prescribing
and sales of antibiotics are often captured as routine health
administrative data. Relevant outcome measures of antimicrobial use include self-reported antimicrobial consumption, measured antimicrobial consumption, antimicrobial
prescribing, antimicrobial dosing, and/or antimicrobial
sales. Secondary outcomes will include any other reported
beneficial or adverse outcomes related to the intervention.
These secondary outcomes might include, for example,
changes in rates of AMR, or increases and decreases in the
rates of hospital re-admission or return clinic visits, resulting from a government policy intervention to reduce
human antimicrobial consumption.

Types of interventions

Any policy intervention enacted by a government to
reduce human antimicrobial use will be included. Interventions may be population-based, or targeted to specific
groups such as health professionals. To be included, a
study must clearly describe the government policy by
providing a description that includes the intervention’s
aim, enacting government authority, timing, and form.
Globally, many levels of government have jurisdiction
over health issues. As such, we will follow an inclusive
approach to defining “government.” A study is eligible for
inclusion if the evaluated policy intervention is enacted by
any level of government, including national, state, provincial, regional, and municipal governments, or by a
government-controlled agency, ministry, or department.
Studies evaluating interventions developed by individual
hospitals, pharmacies, and other healthcare facilities will not
be included, even if these healthcare facilities are owned,
operated, governed, or otherwise controlled by governments. As such, a study evaluating the impact of an audit
and feedback program developed by a single hospital or
even a network of healthcare facilities would not be eligible.
Policy interventions will be defined in accordance with
the Behavior Change Wheel framework; as such, policy
interventions are defined as those that create change in
antimicrobial use through education, persuasion, incentivization, coercion, training, restriction, changing the
physical or social context, modeling appropriate behavior, or reducing barriers to action [23]. Examples of such
policy interventions at the government level would include the following: regulating where antimicrobials can
be sold, restricting the use of last-resort antibiotics, or
launching public awareness campaigns. Comparators or
control groups may include the absence of the government

Information sources

Seven electronic databases will be searched: MEDLINE,
CINAHL, EMBASE, PAIS Index, Cochrane Central Register of Controlled Trials (CENTRAL), and Web of Science
from inception to March 2017. PubMed will also be
searched for relevant articles that are not indexed in
MEDLINE, using the search filter developed by the Canadian Agency for Drugs and Technologies in Health [25].
The MEDLINE search strategy is available in Table 2; the
search strategies for all databases are in Additional file 2.
The search strategies for the four biomedical databases
(MEDLINE, EMBASE, CENTRAL, and PubMed) include
search terms for 172 antibiotics names; this list of antibiotics was used in the recent Cochrane review of interventions to improve antibiotic prescribing in hospitals [12].
The search strategies for the social science and allied health
databases (CINAHL, PAIS Index, Web of Science) included the generic terms “antibiotic” and “antimicrobial”
instead of specific antibiotic names. No date or language
limits have been applied; we will endeavor to translate
studies that are not in languages spoken by members of
the study team (i.e., English and French). To identify gray
literature, we will use keywords to conduct targeted web
searching to identify government and civil society reports
and hand-search reference lists of included studies to identify non-indexed articles. We will also use the ProQuest
Dissertations and Theses database to identify dissertations
on this topic. After full-text screening, we will also contact

Antibiotic use

Humans only

7. exp. policy/

Policy

17. 15 not 16

16. exp. animals/ not humans.sh.

15. 5 and 6 and 14

14. 7 or 8 or 9 or 10 or 11 or 12 or 13

13. (health$ adj2 (policy or policies or planning or priorit$)).ab,ti.

12. (program* or campaign* or policy or policies or guideline* or ban or banned or Regulat* or law or laws or prohibit* or restrict* or legislat* or report* or tax* or
audit* or formular* or expenditure* or spending or label* or market* or advertis* or consultation*).ab,ti.

11. Government Regulation/

10. exp. Government/

9. exp. legislation as Topic/

8. exp. policy making/

6. (adjust* or alter* or change or changes or changing or control* or decreas* or limit* or modify or modified or modifying or reduce or reducing or reduction* or
restrict* or appropriate or inappropriate or rational* or irrational*).ab,ti.

Change/impact

5. 3 and 4

4. ((antibiotic? or alamethicin? or amdinocillin? or amdinocillin pivoxil? or amikacin? or amoxicillin? or amoxicillin-potassium clavulanate combination? or amphotericin?
or ampicillin? or anisomycin? or antimycin? or aurodox? or azithromycin? or azlocillin? or aztreonam? or bacitracin? or bacteriocin? or bambermycin? or bongkrekic acid?
or brefeldin? or butirosin sulfate? or calcimycin? or candicidin? or capreomycin? or carbenicillin? or carfecillin? or cefaclor? or cefadroxil? or cefamandole? or cefatrizine?
or cefazolin? or cefixime? or cefmenoxime? or cefmetazole? or cefonicid? or cefoperazone? or cefotaxime? or cefotetan? or cefotiam? or cefoxitin? or cefsulodin? or
ceftazidime? or ceftizoxime? or ceftriaxone? or cefuroxime? or cephacetrile? or cephalexin? or cephaloglycin? or cephaloridine? or cephalosporin? or cephalothin? or
cephamycin? or cephapirin? or cephradine? or chloramphenicol? or chlortetracycline? or citrinin? or clarithromycin? or clavulanic acid? or clavulanic acid? or clindamycin?
or cloxacillin? or colistin? or cyclacillin? or dactinomycin? or daptomycin? or demeclocycline? or dibekacin? or dicloxacillin? or dihydrostreptomycin sulfate? or
diketopiperazine? or distamycin? or doxycycline? or echinomycin? or edeine? or enviomycin? or erythromycin? or erythromycin estolate? or erythromycin ethylsuccinate?
or filipin? or floxacillin? or fluoroquinolone? or fosfomycin? or framycetin? or fusidic acid? or gentamicin? or gramicidin? or hygromycin? or imipenem? or josamycin? or
kanamycin? or kitasamycin? or lactam? or lasalocid? or leucomycin? or lincomycin? or lincosamide? or lucensomycin? or lymecycline? or mepartricin? or methacycline?
or methicillin? or mezlocillin? or mikamycin? or minocycline? or miocamycin? or moxalactam? or mupirocin? or mycobacillin? or nafcillin? or natamycin? or nebramycin?
or neomycin? or netilmicin? or netropsin? or nigericin? or nisin? or norfloxacin? or novobiocin? or nystatin? or ofloxacin? or oleandomycin? or oligomycin? or oxacillin?
or oxytetracycline? or paromomycin? or penicillanic acid? or penicillic acid? or penicillin?? or piperacillin? or pivampicillin? or polymyxin b? or polymyxin? or pristinamycin?
or prodigiosin? or ribostamycin? or rifabutin? or rifamycin? or ristocetin? or rolitetracycline? or roxarsone? or roxithromycin? or rutamycin? or sirolimu? or sisomicin? or
spectinomycin? or spiramycin? or streptogramin?? or streptomycin? or streptovaricin? or sulbactam? or sulbenicillin? or sulfamerazine? or sulfamethoxypyridazine? or
talampicillin? or teicoplanin? or tetracycline? or thiamphenicol? or thienamycin? or thiostrepton? or ticarcillin? or tobramycin? or troleandomycin? or tunicamycin? or
tylosin? or tyrocidine? or tyrothricin? or valinomycin? or vancomycin? or vernamycin? or viomycin? or virginiamycin? or beta-lactams) adj2 (use* or misuse or consume
or consumption or intake or dose or dosage or prescription* or prescrib* or overprescrib* or sale* or rate*)).ab,ti.

3. 1 or 2

2. Anti-infective Agents/

Search terms

1. Anti-Bacterial Agents/

Theme

Table 2 MEDLINE search strategy
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six subject-matter experts—one from each WHO
region—to identify any additional studies from their region
that meet our inclusion criteria. This search strategy was
designed in consultation with a health science research librarian and a government information research librarian at
the University of Ottawa. The search strategy has been
peer-reviewed using PRESS [26].
Screening and eligibility

We anticipate that some studies may not clearly state in the
title or abstract that the intervention is based on a government policy intervention. To ensure that these articles are
not inadvertently excluded, we will conduct screening and
eligibility assessment in two stages. First, at the title/abstract
screening stage, articles will be assessed to determine if they
meet a set of basic criteria. Second, at the full-text review
stage, articles will be assessed thoroughly to determine
whether the study meets the remaining inclusion/exclusion
criteria. The inclusion/exclusion criteria for both stages are
listed in Table 1. Conference abstracts and proceedings will
be eligible for inclusion in the descriptive review if they
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provide sufficient detail to describe the intervention. However, given that conference abstracts often differ in major
ways from the final published papers [27], they will be excluded from the analysis in the effectiveness review.
Data management and extraction

Search results from all electronic databases will be aggregated using EndNote X7 software. De-duplication will
be carried out using the methods described by Bramer
et al. [28] which aims to reduce the number of false duplicates excluded while minimizing the need for manual
de-duplication. Title/abstract screening, full-text review,
data extraction, and risk of bias assessment will be carried out independently by two reviewers. Any disagreements between reviewers will be resolved by consensus
or in consultation with a third reviewer (SJH) if needed.
A PRISMA diagram will be generated to summarize the
flow of studies through the stages of the review [29].
Covidence software [30] will be used for screening. Data
extraction will be conducted using a customized data extraction tool that will be pilot-tested in advance. Table 3

Table 3 Data extraction fields
General information

Authors
Publication year
Journal
Country of study

Study characteristics

Intervention aim
Study aim
Study design
Study duration, including duration of
pre-intervention period and duration
of follow-up

Study participants

Description of population of interest
Method of recruitment
Inclusion/exclusion criteria for study
participants
Sample size calculation/power calculation

Intervention characteristics

Enacting government authority
Description of policy intervention
Description of intervention groups
Number of intervention groups
Intervention duration and timing

Data analysis

Type of analyses conducted
Statistical tests conducted
Confounders

Intervention effects

Baseline and post-intervention results
Estimates of effect, including by time or
subgroup as appropriate
Secondary outcomes: beneficial outcomes
Secondary outcomes: adverse events
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summarizes the data that will be extracted from each included study.
Quality assessment and risk of bias

Studies that meet the inclusion criteria for the effectiveness review will be assessed for bias using the risk of bias
criteria developed by Cochrane’s EPOC group [31] which
is based upon Cochrane’s Risk of Bias Tool [32] and provides advice on assessing randomized trials, controlled
before-after studies, and interrupted time-series studies.
Studies will be assessed with regard to selection bias, performance bias, detection bias, attrition bias, reporting bias,
and other sources of bias. For controlled studies, we will
examine baseline imbalances in antibiotic prescribing
levels and population age and sex/gender distributions.
Studies will be assessed as “low risk of bias,” “high risk of
bias,” or “unclear risk of bias” on each criterion, and a
summary table will be produced for each study.
Strategy for analysis
Descriptive review

Data collected for the descriptive review of government
policy interventions will be tabulated and summarized narratively. Articles will be categorized into seven groups by
policy type based on the Behavior Change Wheel framework [23]: communication/marketing, guidelines, fiscal,
regulation, legislation, environmental/social planning, and
service provision. We will produce summary figures to report on the characteristics of each intervention type.
Effectiveness review

The government policy interventions that we identify
are likely to be implemented across many populations,
settings, and healthcare systems and with different goals.
Some studies may aim to reduce all antimicrobial use,
while others may target inappropriate antimicrobial use,
or aim to reduce the use of specific antimicrobial agents.
Given this diversity, it would be useful to generate estimates of effect by policy type. Therefore, if appropriate,
we will conduct meta-analyses as part of our effectiveness review using the data from those studies that
employed a rigorous study design. To be included in the
meta-analysis, quasi-experimental studies will need to
meet the minimum methodological requirements of the
EPOC group. The two preferred analysis methods for
interrupted time-series studies are segmented regression
analysis with time trends before and after the intervention adjusting for autocorrelation and any periodic
changes, or ARIMA analysis. Results for outcomes can
be presented as changes along two dimensions: change
in level, which is the immediate effect of the intervention, and change in slope, which is the change in the
trend from pre- to post-intervention. Change in level is
measured as the difference between the fitted value for
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the first post-intervention data point (e.g., 1 month after
the intervention) minus the predicted outcome for the
first post-intervention data point based on the preintervention slope only. Change in slope is the change in
the trend from pre- to post-intervention and can be used
to determine the long-term effect of the intervention.
Since the interpretation of changes in slope can be difficult, we anticipate presenting the long-term effects of
the interventions as proposed for the immediate effects:
for example, the difference between the fitted value
6 months post-intervention (half a year after the intervention) minus the predicted outcome 6 months postintervention based on the pre-intervention slope only.
As appropriate, effects after 1 year, 2 years, etc., will be
measured similarly. Where possible, we will re-analyze
the results of any interrupted time-series studies that
have not used these analytic strategies; we will also reanalyze the results of uncontrolled before and after studies using segmented regression analysis if the studies
have at least three measurements pre- and postintervention. Where necessary, time series data will be
extracted from tables and figures using a software package that reads values from images.
If feasible and appropriate, meta-analysis will be conducted for each category of policy described in the descriptive review. We do not anticipate that studies will
share a common unit of measurement; as such, individual
study effect estimates will be generated for continuous
outcomes using standardized mean differences, and odds
ratios will be converted to standardized mean difference.
A random-effects model will be used for meta-analysis.
We will present forest plots to explore variation due to
the inclusion of non-randomized studies. If more than 10
studies are included in the meta-analysis, we will investigate publication bias using funnel plots. Asymmetry will
be assessed visually and using the Egger test [32], and additional exploratory analyses will be conducted if we identify evidence of reporting bias. If individual studies report
the necessary data, we will undertake a sex- and genderbased analysis to determine whether government interventions have differential effects across these subgroups.
Additionally, if we determine that there are sufficient sexand gender-based data from studies on a specific policy
(e.g., restriction of over-the-counter antimicrobial sales),
we will determine whether meta-analysis is feasible in this
case. Sensitivity analyses will be conducted to consider the
impact of dropping weaker study designs and studies at
high risk of bias.
We expect to see substantial variability across studies
and will explore this using the I2 statistic [33]. In line
with the Cochrane Handbook’s guideline that an I2 statistic > 50% may indicate substantial heterogeneity [32],
we will pool studies and conduct exploratory subgroup
analyses if we find an I2 greater than this value. Planned
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subgroup analyses include interventions that have been
implemented in low- and middle-income countries and
interventions that targeted particular audiences, for example, health care providers.
Should meta-analysis not be feasible, a narrative review
and structured synthesis of the evidence will be conducted
using the studies with rigorous study designs. Within and
across the categories of policy intervention described above,
we will report on ranges of effects, heterogeneity, and quality of the evidence. If appropriate, we will also report on the
intervention effects by target population (e.g., health professionals vs. general public) and, if data are available, by sex
and gender.
Missing data

Where necessary statistical data are missing (e.g., standard deviations), we will contact the study authors directly by using the email address of the corresponding
author provided in the article or by searching the Internet for another email address for the corresponding author if the published address is invalid. Authors will be
contacted twice before data are marked as missing. Any
missing data that we are not able to obtain will be documented in the data extraction form.
If we identify cluster randomized trials that have not appropriately accounted for the unit of randomization, we
will contact the authors for an estimate of the intracluster correlation coefficient or use external databases to
impute an appropriate estimate to adjust for clustering.
Interpretation of review findings

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) system for rating the quality
of evidence will be used in presenting the findings of this
systematic review, as recommended by the Cochrane Collaboration [34]. The major outcomes for the effectiveness
review will be presented in a summary of findings table.

Discussion
To our knowledge, this will be the first systematic review to
investigate the range of government interventions on antibiotic use and to consider the impact of government policy
or regulatory action on antibiotic use. In identifying and describing government-level interventions (aim 1) using a systematic search strategy, we will be creating a valuable tool
for policymakers. Since we will be conducting this search
systematically, we will be maximizing our likelihood of
identifying the full set of government policy interventions
that have been implemented and evaluated to date. In
transparently synthesizing evidence that assesses the effectiveness of these interventions, we can offer higher-quality
evidence from around the world to inform the consideration, prioritization, and adoption of new government policies to reduce human antimicrobial use. The identification
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of any gaps in the evidence about the effectiveness of different government policy interventions will also help inform
future priorities for researchers and research funders.
Strengths and limitations

As the first systematic review to focus on government
policy interventions addressing AMR, the review will
provide valuable information for policymakers, public
health practitioners, and researchers. Our search strategy
has been carefully designed in consultation with two research librarians at the University of Ottawa—a health
research librarian and a government research librarian—to incorporate databases from multiple academic
disciplines and to employ several gray literature searching techniques to assist in locating relevant nonacademic information sources. The protocol has been
designed to meet the Cochrane Collaboration’s standards
for conducting a systematic review.
We recognize the potential for publication bias in this review, particularly since much of the data we seek may not
reside in easily searchable databases of peer-reviewed academic literature. We have gone to great lengths in designing
this study to minimize the impact of such publication bias.
First, we consulted with an additional librarian focused on
government research to identify strategies for identifying government documents online. Second, we will be consulting
with subject-matter experts to identify other sources. These
two mechanisms, along with hand-searching reference lists
of articles, will assist us in identifying the relevant literature.
A second concern for this study is data quality. Since we
are investigating government policy interventions, we do
not expect to identify, for example, many randomized
controlled studies. Although there is a greater risk of bias
associated with quasi-experimental analyses, we have
chosen to include these studies in addition to randomized
controlled trials in both the descriptive and effectiveness
reviews. In so doing, we will identify a broader range of
government policy interventions, rather than identifying
only those that suit the randomized controlled design. For
the effectiveness review, we have chosen to include quasiexperimental studies, but to analyze only those studies
with more rigorous study designs. This way we can place
greater confidence in the estimates of effectiveness in
these studies as they must, at the very least, include control groups or pre-intervention data. Additionally, all studies will be analyzed for risk of bias and in accordance with
GRADE quality of evidence criteria.

Additional file
Additional file 1: PRISMA-P (Preferred Reporting Items for Systematic
review and Meta-Analysis Protocols) checklist: recommended items to
address in a systematic review protocol*. (DOCX 31 kb)
Additional file 2: Medline search strategy. (DOCX 161 kb)

Rogers Van Katwyk et al. Systematic Reviews (2017) 6:256

Abbreviations
AMR: Antimicrobial resistance; EPOC: Effective Practice and Organization of
Care; GRADE: Grading of Recommendations Assessment, Development and
Evaluation; PRISMA: Preferred Reporting Items for Systematic Reviews and
Meta-Analyses; PROSPERO: International Prospective Register of Systematic
Reviews
Acknowledgements
We would like to thank librarians Michael Boutet, Catherine McGoveran, and
Lindsey Sikora at the University of Ottawa who provided advice, support,
and peer review for the development of our search strategy. We would also
like to thank Miriam Nkangu and Theresa Tam for their advice on this
project.
Funding
This project benefited from contract funding from the Public Health Agency
of Canada. This work was additionally completed as part of the International
Collaboration for Capitalizing on Cost-Effective and Life-Saving Commodities
(i4C) that is funded through the Research Council of Norway’s Global Health
& Vaccination Programme (GLOBVAC Project #234608). SRVK is supported by
an Ontario Graduate Scholarship and SJH is additionally supported by the
Canadian Institutes of Health Research. JMG holds a Canada Research Chair
in Health Knowledge Transfer and Uptake. None of the funders had a role in
the design of the study, the preparation of this manuscript, or the decision
to publish it.
Availability of data and materials
Not applicable
Authors’ contributions
SRVK and SJH conceived the idea for the systematic review. SRVK led the
design of the protocol and methodology, devised the search strategy, and
wrote the first draft of the manuscript. SJH and JG supervised the design of
the protocol and methodology and critically revised the manuscript. MT and
MM provided valuable subject-matter or methodological expertise and revised the manuscript. All authors have read and approved the final
manuscript.
Ethics approval
Not applicable
Consent for publication
Not applicable
Competing interests
SJH and MM have both advised several governments on interventions they
could use to address antimicrobial resistance in their personal capacities. The
other authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
School of Epidemiology and Public Health, University of Ottawa, Ottawa,
ON, Canada. 2Global Strategy Lab, Dahdaleh Institute for Global Health
Research, Faculty of Health and Osgoode Hall Law School, York University,
Ottawa, ON, Canada. 3Clinical Epidemiology Program, Ottawa Hospital
Research Institute, Ottawa, ON, Canada. 4Department of Medicine, University
of Ottawa, Ottawa, ON, Canada. 5Division of Infectious Diseases and HIV
Medicine, Groote Schuur Hospital, University of Cape Town, Cape Town,
South Africa. 6Department of Health Research Methods, Evidence, and
Impact, McMaster Health Forum, McMaster University, Hamilton, ON, Canada.
7
Department of Global Health and Population, Harvard T.H. Chan School of
Public Health, Harvard University, Boston, MA, USA.

Page 9 of 10

Received: 22 June 2017 Accepted: 23 November 2017

References
1. O'Neill J. Tackling drug-resistant infections globally: final report and
recommendations: the review on antimicrobial resistance; 2016 [Available
from: https://amr-review.org/Publications.html.
2. Nobelprize.org. Sir Alexander Fleming—nobel lecture: penicillin: Nobel
Media AB; 2014 [Available from: http://www.nobelprize.org/nobel_prizes/
medicine/laureates/1945/fleming-lecture.html.
3. Holmes AH, Moore LSP, Sundsfjord A, Steinbakk M, Regmi S, Karkey A, et al.
Understanding the mechanisms and drivers of antimicrobial resistance.
Lancet. 387(10014):176–87.
4. Conly JM, Johnston BL. Where are all the new antibiotics? The new
antibiotic paradox. The Canadian Journal of Infectious Diseases & Medical
Microbiology. 2005;16(3):159–60.
5. Braine T. Race against time to develop new antibiotics. Bull World Health
Organ. 2011;89(2):88-9.
6. Boucher HW, Talbot GH, Bradley JS, Edwards JE, Gilbert D, Rice LB, et al. Bad
bugs, no drugs: no ESKAPE! An update from the Infectious Diseases Society
of America. Clin Infect Dis. 2009;48(1):1–12.
7. Costelloe C, Metcalfe C, Lovering A, Mant D, Hay AD. Effect of antibiotic
prescribing in primary care on antimicrobial resistance in individual patients:
systematic review and meta-analysis. BMJ. 2010;340
8. Bell BG, Schellevis F, Stobberingh E, Goossens H, Pringle M. A systematic
review and meta-analysis of the effects of antibiotic consumption on
antibiotic resistance. BMC Infect Dis. 2014;14:13.
9. Lipsitch M, Bergstrom CT, Levin BR. The epidemiology of antibiotic
resistance in hospitals: paradoxes and prescriptions. Proc Natl Acad Sci.
2000;97(4):1938–43.
10. Lawes T, Lopez-Lozano J-M, Nebot CA, Macartney G, Subbarao-Sharma R,
Wares KD, et al. Effect of a national 4C antibiotic stewardship intervention
on the clinical and molecular epidemiology of Clostridium difficile
infections in a region of Scotland: a non-linear time-series analysis. Lancet
Infect Dis. 17(2):194–206.
11. Lawes T, Lopez-Lozano J-M, Nebot CA, Macartney G, Subbarao-Sharma
R, Dare CRJ, et al. Effects of national antibiotic stewardship and
infection control strategies on hospital-associated and communityassociated meticillin-resistant Staphylococcus aureus infections across a
region of Scotland: a non-linear time-series study. Lancet Infect Dis.
2015;15(12):1438–49.
12. Davey P, Marwick CA, Scott CL, Charani E, McNeil K, Brown E, et al.
Interventions to improve antibiotic prescribing practices for hospital
inpatients. Cochrane Database Syst Rev. 2017;9(2):CD003543.
13. Santa-Ana-Tellez Y, Mantel-Teeuwisse AK, Dreser A, Leufkens HG, Wirtz VJ.
Impact of over-the-counter restrictions on antibiotic consumption in Brazil
and Mexico. PLoS One. 2013;8(10):e75550.
14. Moura ML, Boszczowski I, Mortari N, Barrozo LV, Neto FC, Lobo RD, et al. The
impact of restricting over-the-counter sales of antimicrobial drugs:
preliminary analysis of national data. Medicine. 2015;94(38):e1605.
15. Wirtz VJ, Herrera-Patino JJ, Santa-Ana-Tellez Y, Dreser A, Elseviers M, Vander
Stichele RH. Analysing policy interventions to prohibit over-the-counter
antibiotic sales in four Latin American countries. Tropical Med Int Health.
2013;18(6):665–73.
16. Kwong JC, Maaten S, Upshur REG, Patrick DM, Marra F. The effect of
universal influenza immunization on antibiotic prescriptions: an ecological
study. Clin Infect Dis. 2009;49(5):750–6.
17. Magnusson R. Advancing the right to health: the vital role of law. Geneva:
World Health Organization; 2017.
18. Hoffman SJ, Caleo GM, Daulaire N, Elbe S, Matsoso P, Mossialos E, et al.
Strategies for achieving global collective action on antimicrobial resistance.
Bull World Health Organ. 2015;93(12):867–76.
19. Van Boeckel TP, Gandra S, Ashok A, Caudron Q, Grenfell BT, Levin SA, et al.
Global antibiotic consumption 2000 to 2010: an analysis of national
pharmaceutical sales data. Lancet Infect Dis. 2014;14(8):742–50.
20. World Health Organization. Global action plan on antimicrobial resistance.
Geneva: World Health Organization; 2015.
21. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al.
Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Systematic Reviews. 2015;4(1):1.

Rogers Van Katwyk et al. Systematic Reviews (2017) 6:256

Page 10 of 10

22. McLaren L, Sumar N, Barberio AM, Trieu K, Lorenzetti DL, Tarasuk V, et al.
Population-level interventions in government jurisdictions for dietary
sodium reduction. Cochrane Database Syst Rev. 2016;16(9):CD010166.
23. Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6(1):42.
24. World Health Organization. In: Organization WH, editor. Antimicrobial
resistance—global report on surveillance. Geneva: WHO Press; 2014.
25. Kaunelis D, Farrah K, Severn M, Canadian Agency for Drugs and
Technologies in Health. The missing 2%: PubMed NOT MEDLINE
[Available from: https://www.cadth.ca/media/is/Search-dev/Missing2_
CHLA_ABSC_Poster.pdf.
26. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C.
PRESS peer review of electronic search strategies: 2015 guideline statement.
J Clin Epidemiol. 2016;75:40–6.
27. Yoon U, Knobloch K. Assessment of reporting quality of conference
abstracts in sports injury prevention according to CONSORT and STROBE
criteria and their subsequent publication rate as full papers. BMC Med Res
Methodol. 2012;12(1):47.
28. Bramer WM, Giustini D, de Jonge GB, Holland L, Bekhuis T. De-duplication of
database search results for systematic reviews in EndNote. Journal of the
Medical Library Association : JMLA. 2016;104(3):240–3.
29. Moher D, Liberati A, Tetzlaff J, Altman DG. The PG. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med.
2009;6(7):e1000097.
30. Covidence systematic review software. Melbourne, Australia: Veritas
Health Innovation. https://www.covidence.org.
31. Effective Practice and Organisation of Care (EPOC). Suggested risk of bias
criteria for EPOC reviews. EPOC resources for review authors. Oslo:
Norwegian Knowledge Centre for the Health Services; 2016.
32. Cochrane Handbook for Systematic Reviews of Interventions: The Cochrane
Collaboration; 2011. Available from: http://www.handbook.cochrane.org/.
33. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003;327(7414):557.
34. Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al.
GRADE: an emerging consensus on rating quality of evidence and strength
of recommendations. BMJ. 2008;336(7650):924.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

