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Abstract

Background Primary care is a critical partner for antimicrobial stewardship efforts given its high human antibiotic
usage. Peer comparison audit and feedback (A&F) is often used to reduce inappropriate antibiotic prescribing. The
design and implementation of A&F may impact its effectiveness. There are no best practice guidelines for peer com-
parison A&F in antibiotic prescribing in primary care.

Objective To develop best practice guidelines for peer comparison A&F for antibiotic prescribing in primary care
in high income countries by leveraging international expertise via the Joint Programming Initiative on Antimicrobial
Resistance—Primary Care Antibiotic Audit and Feedback Network.

Methods We used a modified Delphi process to achieve convergence of expert opinions on best practice state-
ments for peer comparison A&F based on existing evidence and theory. Three rounds were performed, each

with online surveys and virtual meetings to enable discussion and rating of each best practice statement. A five-point
Likert scale was used to rate consensus with a median threshold score of 4 to indicate a consensus statement.

Results The final set of guidelines include 13 best practice statements in four categories: general considerations
(n=3), selecting feedback recipients (n=1), data and indicator selection (n=4), and feedback delivery (n=5).
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Conclusion We report an expert-derived best practice recommendations for designing and evaluating peer com-
parison A&F for antibiotic prescribing in primary care. These 13 statements can be used by A&F designers to optimize
the impact of their quality improvement interventions, and improve antibiotic prescribing in primary care.

Introduction
Rising antimicrobial resistance (AMR) poses a threat
for modern medicine and society as a whole. In 2019, an
estimated five million global deaths were associated with
bacterial AMR [1], and one of the pillars of the World
Health Organization’s Global Action Plan to combat
AMR is to optimize the use of antimicrobials in humans
[2]. Global action is required to slow AMR to avoid a
post-antibiotic era where serious bacterial infectious
diseases can no longer be effectively treated. Misuse and
overuse of antibiotics is an important contributor to this
crisis. Furthermore, overuse of antibiotics also wastes
resources, medicalizes minor illness, and harms patients
by causing adverse effects such as increased antibiotic
resistance, and disturbances in gut microbiome [3].

Primary care is responsible for 80—-90% of human anti-
biotic usage, making general practitioners and pediatri-
cians critical partner for antimicrobial stewardship [4, 5].
It is estimated that 25-50% of all antibiotics used in pri-
mary care settings in high income countries are unnec-
essary or inappropriate [6-9]. Effective antimicrobial
stewardship programs should be multidisciplinary and
include multifaceted evidence-based interventions that
incorporate principles of behavioral science in order to
effectively address the drivers of unnecessary and inap-
propriate antibiotic prescribing [5]. Audit and feed-
back (A&F) has been defined as “a summary of clinical
performance of healthcare providers’, which has been
used widely in healthcare to improve performance [10].
Interventions based on peer comparison A&F, which
involves the comparison of clinical performance with
other healthcare providers at individual or team level, are
rooted in behavioral science, however their effectiveness
may vary depending on how they are designed and imple-
mented [10, 11]. A&F interventions have been trialed in a
number of countries with variable formats, data sources,
prescribing metrics, and effect sizes [12—-16]. Best prac-
tice guidance for general audit and feedback exists [17,
18], though it is not specific to antibiotic prescribing or
primary care, where other factors such as the selection
of feedback recipients and outcome indicators should be
taken into consideration. Peer comparison A&F is recog-
nized as a potentially valuable intervention to improve
antibiotic use in primary care [12-14, 19].

The Joint Programming Initiative on Antimicrobial
Resistance—Primary Care Antibiotic Audit and Feed-
back Network (JPIAMR-PAAN) is an international

network of over 40 members representing 15 countries
with expertise in the fields of antimicrobial steward-
ship, primary care, and implementation science (Addi-
tional file 1: Table S1). The network was created through
a funding call from JPIAMR. Invitations to participate in
JPIAMR-PAAN were sent from network leads to experts
in this field from Europe, Australia, and North America.
Our objective was to extract and compile expert advice
to develop best practice guidelines for peer comparison
A&F of antibiotic prescribing in the primary care settings
for high income countries.

Methods

The Delphi technique aims to achieve a convergence of
expert opinions via an iterative process of questionnaires
and feedback. We used a modified Delphi process (MDP)
with three rounds of surveys and feedback meetings to
identify and develop best practice guidelines for peer
comparison A&F of antibiotic prescribing in primary
care settings of high-income countries [20-22].

Modified Delphi process preparation and setting

This study presents results from expert consensus and
did not require review or approval from an ethics review
board. All members of JPIAMR-PAAN were intended
panelists of the present MDP, with expertise in the fields
of antimicrobial stewardship, primary care, and/or
implementation science. JPJIAMR-PAAN members rep-
resent 15 high-income countries in Australia, Europe,
and North America (Additional file 1: Table S1). Network
members provided verbal consent to participate in the
MDP.

A five-point Likert scale (1-strongly disagree, 2-disa-
gree, 3-neutral, 4-agree, and 5-strongly agree) was
adopted as the consensus rating tool with the median
threshold of percent agreement used for consensus [23,
24]. Frequency statistics and median scores were gen-
erated for each consensus statement. Statements that
did not achieve consensus (median Likert score < =2.0)
and borderline consensus statements (median Likert
score>2.0 but<4.0) were discussed at length during
feedback sessions; while statements that achieved con-
sensus (median Likert score > =4.0) were not prioritized
for discussion; however, all statements were reviewed
and discussed during the meetings (Fig. 1).

Panelists of the MDP underwent three rounds of online
surveys and consensus rating (Additional file 1: A), along
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with two virtual meetings or feedback sessions. All sur-
veys were hosted on Nettskjema', an online survey tool
developed by the University Information Technology
Center at University of Oslo. Both virtual meetings were
hosted by virtual video conference on Zoom. Each round
of the MDP was facilitated by JPIAMR-PAAN coordina-
tors, who acted as process facilitators.

Modified Delphi process round 1
Prior to Round 1 of the MDP, the core team of JPIAMR-
PAAN, consisting of the five network leads (KS, NI, ML,
SH, JG) and two coordinators (AX, BM), reviewed exist-
ing guidance on developing effective A&F interventions,
and drafted an initial questionnaire with multiple choice
and open-ended questions (Survey la). The core team
drew on Brehaut et al’s 15 suggestions for optimizing
effectiveness [17], and incorporated the following top-
ics in Survey la; General Statements on A&F, Desired
action, Desired data, Feedback display, and A&F delivery.
Invitation to complete Survey la was emailed to all
JPIAMR-PAAN members on March 28th, 2022. Mem-
bers were invited to respond and/or suggest additions or
modifications to the survey. Results were reviewed by the
process facilitators, and an initial list of consensus state-
ments was produced (Survey 1b). This initial list of best
practice statements was sent by email to all JPIAMR-
PAAN members for consensus rating and feedback on
April 11", 2022. Median Likert scores were obtained for
each statement and subsequently used to facilitate the
first virtual meeting.

Modified Delphi process round 2

All JPIAMR-PAAN members were invited to attend the
first virtual feedback session on April 21st, 2022. The
median Likert score of each statement was presented
by the process facilitators (AX and BM), followed by a
facilitated discussion and clarification of feedback. Using
suggestions and feedback generated from the virtual
meeting, a modified set of statements was produced by
the process facilitators (Survey 2). All network members
were invited to complete Survey 2 for consensus rating
and provide open-text feedback on May 30th, 2022.

Modified Delphi process round 3

Following an iterative approach, the results from Survey
2 were used to facilitate discussion of the second virtual
meeting on June 14th, 2022, with prioritization on state-
ments that did not reach consensus. Feedback generated
from the second meeting and Survey 2 were then used
to produce the final set of statements (Survey 3). This
final set of statements was distributed to all JPTAMR-
PAAN members for a final round of consensus rating
on July 11th 2022. All statements with a median Likert
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score > =4.0 were included in the final set of best practice
recommendations.

Results

We administered four online surveys and two virtual
meetings in total as part of the MDP. All four surveys
had a response rate of 54% (20 out of 37), with 12 pan-
elists completing all four surveys. Meeting #1 and #2
had 14 and 13 panelists present, respectively; with eight
panelists attending both meetings. Overall, seven pan-
elists participated in all aspects of the MDP by respond-
ing to all surveys and attending both meetings. The final
product includes four categories and 13 best practice
recommendations for designing and evaluating A&F
interventions for antibiotic prescribing in primary care.
Table 1 presents the comparison between our 13 recom-
mendations with Brehaut et al’s 15 recommendations for
practice feedback interventions.

Best practice recommendations

The best practice recommendations below are presented
with a summary of internal discussions and comments
around each statement.

General considerations

Antibiotic audit and feedback interventions in pri-
mary care should be framed as quality improvement
projects within a supportive environment.

There exists substantial variability in antibiotic pre-
scribing in primary care [25, 26]. A&F is a commonly
employed tool to improve quality of care. The goal of
A&EF programs should be to support clinicians to improve
through the presentation of their own data in relation to
their peers and/or standard of care. Historically, poorly
designed audits can result in clinicians feeling threatened,
rather than supported, by top-down feedback [27]. This
is further supported by the hypotheses of ‘function’ and
‘ownership’ from Clinical Performance Feedback Inter-
vention Theory (CP-FIT); which posits that feedback
interventions are more effective when clinicians are per-
ceived to support positive change, and “own” the process
rather than imposed upon [18]. Those designing A&F
should consider the importance of framing their inter-
ventions as quality improvement, engage clinicians and
patients in the process, and be mindful of their messag-
ing to maintain the shared focus of improving the quality
of patient care through optimizing the use of antibiotics.

Prior to initiating an antibiotic audit and feedback
intervention in primary care, consider potential bar-
riers to success such as local data availability, data
validity, expected engagement of feedback recipients,
perceived patient expectations for antibiotics, and
other situational factors.
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Table 1 Comparison of JPIAMR-PAAN's 13 best practice recommendations on antibiotic audit and feedback interventions with

Brehaut et al’s 15 suggestions for practice feedback interventions

JPIAMR-PAAN 13 best practice recommendations on antibiotic audit
and feedback interventions

Brehaut et al.[17] 15 recommendations for practice feedback
interventions

General considerations

1. Antibiotic audit and feedback interventions in primary care should be
framed as quality improvement projects within a supportive environment

2. Prior to initiating an antibiotic audit and feedback intervention

in primary care, consider potential barriers to success such as local data
availability, data validity, expected engagement of feedback recipients,
perceived patient expectations for antibiotics, and other situational fac-
tors

3. Strategies to optimize reach and engagement of an antibiotic audit
and feedback intervention in primary care include; utilizing an opt-out
approach to delivery of feedback reports, offering of continuing medical
education credits, financial incentives, and facilitated peer group discus-
sions

Selecting feedback recipients

4. All primary care prescribers, regardless of practice type or prescribing
volume, should be included in antibiotic prescribing audit and feedback
interventions

Data and indicator selection

5. Feedback indicators for antibiotic prescribing in primary care should
target reductions in antibiotic initiations, prolonged antibiotic duration,
and/or unnecessary broad-spectrum antibiotics

6. Antibiotic feedback reports in primary care should enable and support
behaviour change by providing guidance and educational resources

7.The optimal data source for antibiotic audit and feedback in pri-
mary care is credible, valid, routinely collected, and comprehensive
for the region; ideally containing prescription, diagnostic, and clinical data

8. Benchmarks or achievable targets for peer comparisons for antibi-
otic prescribing in primary care should be indicator specific and based
on national and/or local performance data of high performing peers

Feedback delivery

9. Antibiotic audit and feedback in primary care should be displayed such
that recipients can understand their performance and desired actions
within seconds

10. Antibiotic audit and feedback reports in primary care should

be repeated with updated data over time. The optimal frequency

is not known but can depend on local factors such as data availability
and seasonality of prescribing

11. Antibiotic feedback in primary care should be ideally delivered
by multiple strategies including verbal, paper, and/or electronic means

12. Antibiotic feedback should be delivered to primary care prescribers
from a respected authority figure or colleague

13. Individual-level antibiotic feedback should be delivered confidentially
to primary care prescribers, and the opportunity for peer discussion
should be provided and encouraged

The specific framing of audit and feedback interventions was not consid-
ered in Brehaut's original 15 suggestions

The Brehaut recommendations discuss potential barriers such as “prevent
defensive reactions to feedback” — we discuss some potential barriers specific
to antibiotic audit and feedback in primary care

The recommendation to “Address barriers to feedback use”is considered
and we provide specific strategies to optimize engagement

Recommendation for the selection of feedback recipients was not provided

We built on the statement “Recommend actions that are consistent with
established goals and priorities” and suggested specific indicators of high
priority in antibiotic prescribing

We agree with statements that “Recommend actions that can improve and
are under the recipient’s control” and “Recommend specific actions"—such
that we suggest antibiotic feedback reports to include specific action (e.g.
reduce prescribing, prescribe for shorter duration) and evidence-based
behaviour change messaging

No suggestion regarding the data sources for audits

We provide specific recommendations that support the statement “Choose
comparators that reinforce desired behavior change” in the context of antibi-
otic prescribing

We concur with many of the suggestions related to feedback display

and delivery, including “Closely link the visual display and summary message”,
“Minimize extraneous cognitive load for feedback recipients”, and “Provide short,
actionable messages followed by optional detail” - all three statements will
apply in the context of primary care antibiotic audit and feedback

We agree with the suggestion to “Provide multiple instances of feedback”.
However we recognize the difficulty with the suggestion “Provide feedback
as soon as possible and at a frequency informed by the number of new patient
cases” in the context of antibiotic prescribing, as well as the paucity of data
on the optimal frequency of feedback

We further support the recommendation to “Provide feedback in more than
one way”

We believe that feedback delivery from a respective authority figure or col-
leagues is an effective way to “Address credibility of the information”

Within the context of antibiotic prescribing, we stress the significance

to “Provide individual rather than general data” given the nature of prescrib-
ing. Furthermore, we strongly encourage peer discussion of individual feed-
back with other prescribers, as a way to facilitate the suggestion “Construct
feedback through social interaction”

A&F interventions consist of proceeding through
one or more cycles of establishing best practice crite-
ria, measuring current practice, feeding back findings,

implementing changes, and further monitoring of data
[18]. All aspects of the cycle are important to facili-
tate information to intention and ultimately link that
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intention to the desired behavior [28]. Clinicians need
to accept the data presented to them, understand how
to interpret the data and the expected action to take
as a result. Gaps or weaknesses in any of these compo-
nents of the cycle will create an intention-to-action gap
reducing the desired effect; in this case resulting in no
reduction in inappropriate antibiotic prescribing [29].

Strategies to optimize reach and engagement of
an antibiotic audit and feedback intervention in pri-
mary care include; utilizing an opt-out approach to
delivery of feedback reports, offering of continuing
medical education credits, financial incentives, and
facilitated peer group discussions.

The starting point for A&F interventions is that they
are important quality improvement initiatives. The
poorest performing clinicians benefit the most from
A&F, but are also least likely to volunteer [10]. For
this reason we advocate that inclusion to receive A&F
should be standard of practice and an opt-out approach
be taken; where prescribers routinely receive feedback
(unless opted out) and are not simply invited to vol-
unteer. A&F should be integrated into routine profes-
sional quality improvement activities and electronic
health records to maximize the potential impact [12,
13]. Other strategies and incentives that can be effec-
tive, depending on the local context, include offering

of continuing medical education credits, accreditation
and/or financial incentives for participation [30].

Selecting feedback recipients

All primary care prescribers, regardless of prac-
tice type or prescribing volume, should be included
in antibiotic prescribing audit and feedback
interventions.

While there was general agreement that receiving A&F
should follow an opt-out approach (statement 3), how-
ever, discussions during the MDP meetings revealed a
lack of consensus whether A&F programs should prefer-
entially include a subset of prescribers (eg; high or poor
performing prescribers). MDP participants articulated
that selecting appropriate prescribers to be involved in
A&EF is context dependent. As discussed above A&F is a
quality improvement initiative that should be standard
practice in all jurisdictions. All prescribers may benefit
from their data with peer comparisons and/or compari-
son with standard of care, with opportunities to improve.
The goal of antibiotic A&F at the population is to shift
the mean towards lower inappropriate antibiotic use,
and avoiding regression to the mean whereby lower pre-
scribers increase their antibiotic use. Targeting only the
highest prescribers, or lowest performing physicians,
may avoid regression to the mean as well as be more cost
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effective [12, 13]. We recommend those initiating A&F in
primary care to consider their local context and selected
data metrics for selecting recipients for the proposed
intervention recognizing there is uncertainty if there is
benefit in focusing feedback to all prescribers.

Data and indicator selection

Feedback indicators for antibiotic prescribing in
primary care should target reductions in antibiotic
initiations, prolonged antibiotic duration, and/or
unnecessary broad-spectrum antibiotics.

As demonstrated by the CP-FIT model, designers of
feedback interventions should consider importance,
controllability, and relevance [18]. Data indicators for
antibiotic A&F should therefore be linked to quality
improvement, be under the control of the feedback recip-
ient, and clearly link to specific actions that can be taken
by the recipient [17]. Antibiotic initiations, durations,
and overly broad-spectrum selection, relative to their
peers or benchmarks, are all associated with unneces-
sary antibiotic-associated harms and antimicrobial resist-
ance [31-34]. Furthermore, these represent three distinct
prescribing behaviours that are not correlated to one
another for an individual prescriber [35]. We recommend
A&F designers select indicators by considering their data
availability for each of these options and the desired pre-
scribing behavior they wish to influence. We encourage
A&F designers to focus on a clear, specific targeted indi-
cator to minimize data overload. There is a risk that clini-
cians will focus on the indicators for which they are doing
well if provided with multiple different indicators [15].

Total antibiotic use is highly correlated with unneces-
sary or inappropriate use [36], and in jurisdictions with
antibiotic overuse, utilizing overall antibiotic prescrip-
tions can be an effective and appropriate indicator to
reduce unnecessary antibiotic prescribing [12, 13]. How-
ever, the specificity of the indicator will be more related
to actionability (eg; antibiotics for viral infections, feed-
back on prolonged duration prescribing, or selection of
broad-spectrum agents). Utilizing more specific metrics
may be more likely to modify behaviour, but may be less
impactful for population level effects on AMR. Examples
of quality indicators for outpatient antibiotic prescrib-
ing in Europe have been previously defined and can help
guide indicator selection [37].

Antibiotic feedback reports in primary care should
enable and support behaviour change by providing
guidance and educational resources.

Feedback intervention designers should consider how
supporting resources and guidance use behavioural tech-
niques to support practice change. Providing antibiotic
guidelines or patient directed educational materials may
not by itself significantly improve the effect of A&F [12,
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13], however antibiotic A&F can be optimized by includ-
ing behaviour change messaging alongside peer compari-
son data [38]. This can address CP-FIT variables ‘problem
solving” and ‘action planning’ to help feedback recipients
identify the reasons and solutions for poor performance
[18]. It is important to link A&F data to specific actions
the prescriber can take [17]. A&F may be delivered as
part of clinical decision support and the MDP panel
encourages the use of reputable local clinical guidelines
and educational resources [12, 13].

The optimal data source for antibiotic audit and
feedback in primary care is credible, valid, routinely
collected, and comprehensive for the region; ideally
containing prescription, diagnostic, and clinical data.

The CP-FIT suggests that data collection and analy-
sis for feedback should be automated, accurate, and
accepted by recipients [18]. One of the most common
criticisms from A&F recipients is that the data are not
valid or do not accurately reflect the prescribers practice
[39]. Programs should consider and attempt to address
these factors upfront to support the credibility of the data
and optimize the chance of success.

Benchmarks or achievable targets for peer compari-
sons for antibiotic prescribing in primary care should
be indicator-specific and based on national and/or
local performance data of high performing peers.

In the absence of being able to accurately define inap-
propriate antibiotic prescriptions within the data used
for feedback, the optimal target, or benchmark, that
should be used is controversial and depends on the indi-
cator used, data availability, and the existence of local
antibiotic prescribing guidelines. Previous interven-
tions have had varied comparators. A study by Meeker
et al. effectively compared physicians to their top decile
of their peers for unnecessary antibiotic prescribing for
viral infections [14]. Hallsworth et al. [13] compared
high prescribing practices (top 20th percentile) to lower
prescribing practices. Quality indicators have been pro-
posed in Dutch primary care which include; the number
of antibiotic prescriptions per 1000 registered patients,
non-first line antibiotics, and the percentage of antibiot-
ics for respiratory tract infections [40]. Given the lack of
evidence defining optimal comparators, or benchmarks,
JPIAMR-PAAN has recognized this topic as an impor-
tant research priority. In general, comparators should be
selected which reinforce the desired behavior change (i.e.
reduce unnecessary or inappropriate antibiotic prescrib-
ing) [17]. We encourage selection of only a single com-
parator since using multiple comparators risks creating
conflicting messages for recipients. For example, provid-
ing self-comparison showing decreasing trends over time
as well as a peer comparison that has a lower prescrib-
ing rate may result in the recipient interpreting the data
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that they do not need to change based on their decreased
trend. Designers should consider the desired behavior
change and strategically select a simple, clear comparator
that reinforces the project’s goals.

Feedback delivery

Antibiotic audit and feedback in primary care should
be displayed such that recipients can understand their
performance and desired actions within seconds.

Primary care clinicians are busy, manage a broad range
of patients, and have multiple competing priorities for
quality improvement. Designers of A&F interventions
should minimize extraneous cognitive load for feed-
back recipients by prioritizing the relative importance
of feedback contents and employ user-friendly designs
[18]. Overly complex feedback can be misunderstood or
ignored by the recipients [17]. Extraneous cognitive load
can be minimized by reducing the number of metrics,
decreasing the length of letters, and decluttering visual
displays. A clear graphical interactive display facilitates
interpretability of the feedback and has been demon-
strated in an Australian intervention to reduce antibiotic
use compared to letters without such a figure [41].

Antibiotic audit and feedback reports in primary
care should be repeated with updated data over time.
The optimal frequency is not known but can depend
on local factors such as data availability and seasonal-
ity of prescribing.

A&F provided more than once is generally more effec-
tive [10]. Providing A&F repeatedly can encourage a
feedback loop where a recipient can receive feedback,
make changes in their practice, and then see whether
the changes made have been effective [17]. Antibiotic
A&F interventions have varied in frequency from once
per year [12, 13], quarterly [15, 42], or monthly [14]. One
trial of A&F to dental practices evaluated providing feed-
back 2 or 3 times per year with no differences between
the groups [38]. There is not currently enough evidence
to suggest whether providing feedback more than twice
has a meaningful impact. Further evidence on the opti-
mal frequency of feedback is needed but we encourage
designers to include multiple instances of feedback of
at least once per year [10]. Other considerations are the
availability and delays in data as well as not overburden-
ing recipients with frequent reports.

Antibiotic feedback in primary care should be ide-
ally delivered by multiple strategies including verbal,
paper, and/or electronic means.

The Cochrane review on A&F identified larger effect
sizes when feedback is provided through both written
and verbal communication [10]. The combination can
enhance learning, retention, and engagement with the
feedback reports. Providing an opportunity for recipients
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to engage with their feedback in more than one way
including peer discussions may enhance the effectiveness
of the intervention.

Antibiotic feedback should be delivered to primary
care prescribers from a respected authority figure or
colleague.

A common criticism of A&F by recipients is the cred-
ibility of the information provided [39]. CP-FIT acknowl-
edges that source knowledge and skill is an important
variable for feedback delivery. In order to facilitate prac-
tice change recipients must perceive the feedback content
as credible, and the delivery person to have an appropri-
ate level of knowledge [18]. The Cochrane review on A&F
identified that feedback delivered by a supervisor or col-
league was more effective than interventions delivered
from other sources [10]. An example of this is A&F in
the United Kingdom delivered from the Chief Medical
Officer of Health [13].

Individual-level antibiotic feedback should be deliv-
ered confidentially to primary care prescribers, and
the opportunity for peer discussion should be pro-
vided and encouraged.

Where possible, individual feedback, opposed to group
or regional level feedback, should be provided to address
specificity. The personalized nature of A&F facilitates
the desired behaviour change and is less likely to be
discounted by the recipients. Engaging with the feed-
back through social interaction is based on educational
research on improved adult learning through social con-
struction compared to passively received materials. Peer
discussion and active delivery of feedback are both sup-
ported by CP-FIT to improve effectiveness of feedback
interventions [18]. Further dialogue with peers can help
to further enhance engagement in self-assessment for
recipients and optimize the effectiveness of A&F inter-
ventions [43].

Discussion

Antibiotic A&F for primary care clinicians is a potentially
effective population level intervention to improve anti-
biotic use and combat rising AMR. However, the design
and delivery of these interventions are critical to their
success. The best practice statements found in this study
provides 13 recommendations for designers of antibiotic
primary care A&F interventions which builds on existing
evidence, best practices for A&F in general [17], the CP-
FIT [18], and expert consensus.

Best practice recommendations for A&F exist and this
work builds on those recommendations to provide more
specificity related to A&F on antibiotics in primary care.
Table 1 outlines areas of agreement between our recom-
mendations and existing literature on A&F in general,
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and highlights recommendations specific to antibiotic
A&EF in primary care.

Inappropriate antibiotic prescribing behaviour is
complex and driven by habit, fear, time constraints, and
perceived patient expectations. Rarely, is it related to a
simple knowledge gap to be affected by education alone
[44]. Multifaceted approaches to antibiotic prescrib-
ing in primary care in order to facilitate a change in
prescribing are essential. A&F should be implemented
alongside clinical decision support, point-of-care diag-
nostics, patient and prescriber education, and safety
netting procedures. A&F is an important component
of antimicrobial stewardship efforts which can address
some of the barriers to change and has demonstrated
effectiveness in reducing antibiotic use. However, the
design and details may make the difference between
effective and ineffective interventions [11].

We have included a toolkit to facilitate the applica-
tion of these 13 best practice recommendations as well
as examples of applying the toolkit to previously pub-
lished trials (Additional file 1: B). This toolkit is also
available on our website www.jpiamr-paan.org.

There are limitations to this guidance document. Not
all statements will apply to all interventions depend-
ing on local context and data availability. There are
important gaps in the evidence with some aspects more
heavily influenced by previous experience and expert
opinion. The modified Delphi process provides some
rigour to these opinions and we highlighted within each
statement areas of gaps in evidence which should be
prioritized for future research. AMR is a global prob-
lem that impacts low and middle income countries dis-
proportionately. However, the etiology of rising AMR,
and actions required to combat them, have important
differences compared to high income countries. These
recommendations focus on A&F specifically for high
income countries and may not be appropriate for low
or middle-income countries.

We encourage antimicrobial stewardship and public
health programs to utilize this guidance and the check-
list provided in Additional file 1: B to consider these
13 components in an effort to optimize the impact
and success of antibiotic A&F in primary care. Urgent
action globally is needed to combat AMR through over-
use of antibiotics. A&F should be a core component
of national AMR action plans to reduce inappropriate
antibiotic use in primary care.
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