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Abstract

Background Inappropriate antibiotic prescription in paediatric uncomplicated acute respiratory tract infections
(ARTIs) in primary care (PC) settings contributes to antimicrobial resistance. We aimed (1) to identify and describe
educational interventions and their components to optimise antibiotic prescription for paediatric uncomplicated
ARTIs in PC, and (2) to map contextual factors that may influence antibiotic prescription and the implementation of
interventions.

Methods We searched three electronic databases (Medline, CINAHL and Epistemonikos) to identify reviews on the
effectiveness of educational interventions and contextual factors, for optimising antibiotic prescription (Concept) in
paediatric uncomplicated ARTIs (Population) in PC (Context). We included reviews that reported explicitly the search
strategy used. Two previously calibrated reviewers independently screened the literature, extracted data, and assessed
the methodological limitations. We applied the “best-fit framework synthesis approach’, based on the main constructs
of the Consolidated Framework for Implementation Research, and coded the data deductively by groups of analysis
for reviews reporting effectiveness (e.g. antibiotic or consultation rate) or by thematic synthesis for reviews reporting
contextual factors (e.g. healthcare professionals’ knowledge) based on a logic model.

Results We identified 11 reviews evaluating education intervention and their characteristics, including 182
interventions with at least one educational component (educational intervention plus another type, educational
or non-educational), with 136 providing information on characteristics and effectiveness. Successful interventions’
characteristics were related to the kind of intervention (e.g. communication skill training), mode of delivery (e.g.
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children) and on outer setting (e.g. policies).

the interventions.

interventions, Scoping review.

face to face), and target population (e.g. parents/caregivers). From the 22 reviews on contextual factors, healthcare
professionals’attitudes and perceptions, knowledge, and health system and professionals’teams’ organization (inner
setting), were the most frequent themes; less information was available on individuals” characteristics (parents/

Conclusion We identified a large number of heterogeneous educational interventions. Combining educational
interventions plus another type targeting both parents/caregivers and healthcare professionals, and considering their
needs and their context may improve antibiotic prescribing in children. Further research is needed on consultation
rate, knowledge, attitudes, and satisfaction outcomes and contextual factors, as well as on the cost-effectiveness of

Registration The protocol was published in OSF iRegistries in May 2021 (Elizondo-Alzola, U).
Keywords Antibiotic prescription, Respiratory tract infections, Children, Paediatrics, Primary care, Educational

Background

Infections caused by resistant bacteria pose a major
threat to public health and economic wellbeing world-
wide [1], and the situation is likely to worsen if it is not
addressed appropriately [2]. In 2015, the number of
deaths in the European Union and the European Eco-
nomic Area attributed to antimicrobial resistance (AMR)
was 33,000, which is 32% more than the estimated annual
attributable deaths in 2007 [3]. Around 700,000 people
die each year from antimicrobial resistant infections,
costing between 35 and 55 billion dollars in lost produc-
tivity in the United States of America (USA) [4]. Accord-
ing to an assessment of the global burden of AMR in
2019, AMR is a leading cause of death around the world,
with the highest burdens in low-resource settings, being
the highest rates of death in sub-Saharan Africa (deaths
associated to AMR 98.9 per 100,000 and deaths attrib-
uted to AMR 23.7 per 100,000) and south Asia (deaths
associated to AMR 76.8 per 100,000 and deaths attrib-
uted to AMR 21.5 per 100,000) [5]. Inappropriate use of
antibiotics is the most important factor in the emergence
of AMR; therefore, implementation Antimicrobial Stew-
ardship Programs is crucial to reduce the burden of these
infections [3, 4, 6].

Children with uncomplicated acute respiratory tract
infections (ARTIs) often receive an inappropriate antibi-
otic prescription in primary care (PC), and in most cases,
antibiotic effectiveness in these self-limiting infections
is negligible and of low added value [7-9]. They are also
associated with avoidable side effects. Antibiotic pre-
scription rates vary across countries. In the USA, it is
estimated that up to 50% of the antibiotic prescriptions
for ARTIs in PC are unnecessary [10]. Southern and East-
ern European countries report the highest prescriptions
rates overall [11]. Moreover, paediatricians prescribe in
Southern Europe antibiotics more frequently than their
couterparts in Central and Northern Europe [12]. A sys-
tematic review concluded that antibiotics are communly
prescribed in PC settings in low- and middle-income

countries. Although several studies reported a high pro-
portion of inappropriate use, the actual magnitude of the
problem remains unclear due to methodological limita-
tions in the available research [13].

Several strategies have been developed to optimise anti-
biotic prescription, including the use of rapid diagnostic
tests, clinical decision support systems, Antimicrobial
Stewardship Programs, and educational interventions
targeting health professionals, patients and their families
[14, 15]. The present review focuses on educational inter-
ventions to provide a detailed examination of their role,
while fully recognizing the critical importance of other
strategies in addressing the broader challenge of antimi-
crobial resistance.

Several factors have been identified as contributing to
the high rate of inappropriate antibiotic use, including
dispensing of antibiotics without medical prescription,
such as over-the-counter-sales in community pharma-
cies, self-medication, high workload pressure in PC
settings, and lack of continuous training of healthcare
professionals (HCPs) in infection management [16]. In
addition, some contextual factors that can influence the
implementation of strategies aimed at promoting the
appropriate use of antibiotics have been identified [17].
Furthermore, several educational strategies to prevent
unnecessary antibiotic prescriptions in children have
been developed over the last two decades [18]. However,
no prior systematic analysis of the reviews that explore
the effectiveness of the educational interventions and
the contextual factors relevant to their design and imple-
menting them.

Scoping reviews synthesise evidence on how research is
conducted, identify key characteristics or factors related
to a concept, and identify and analyse knowledge gaps
[19]. We, therefore, conducted a scoping review to inform
the development of two eHealth based educational inter-
ventions to optimise antibiotic prescription in uncompli-
cated ARTIs in children attending the PC, in the context
of the OptimAP project in four regions of Spain (Clinical
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Trials Registre number NCT05166369). One interven-
tion will provide online training in communication skills,
and educational materials to PC paediatricians. The other
intervention will provide parents or caregivers with edu-
cational information on uncomplicated ARTIs [20].

Methods

Study design

We conducted a scoping review of reviews, following the
methodological steps outlined by the Joanna Briggs Insti-
tute (JBI) Methodological Guidelines for scoping reviews
[21]. We adopted the PRISMA Extension for Scoping
Reviews (PRISMA-ScR) for data reporting [22]. The pro-
tocol was published in OSF iRegistries [23].

Stage 1: Identifying the research questions

We proposed two research questions: (1) to identify
and describe educational interventions and their com-
ponents to optimise antibiotic prescription in children
with uncomplicated ARTIs in PCs (reviews assessing
educational interventions), and (2) to map contextual fac-
tors that may influence the implementation of interven-
tions addressing antibiotic prescription optimisation in
uncomplicated ARTIs in PCs (reviews assessing contex-
tual factors).

Stage 2: Identifying relevant studies
We designed a search strategy based on previous reviews
and included the main components of our research ques-
tions (Additional File 1. I Search Strategy. Tables 1, 2, 3
and 4). The search was conducted in MEDLINE (via
PubMed), CINAHL and Epistemonikos to identify sys-
tematic reviews published from January 2010 to Decem-
ber 2022. We also reviewed the lists of references from
the included reviews.

The eligibility criteria we applied is listed in Additional
File 1. (II Eligibility Criteria. Table 1, and 2).

Type of reviews

We included reviews that reported using a search strat-
egy, including systematic reviews, scoping reviews, over-
views, literature or narrative reviews, qualitative evidence
synthesis, and mixed methods research synthesis. For
reviews assessing the effectiveness of educational inter-
ventions, we included those with at least one randomised
clinical trial (RCT). Primary studies, editorials, research
letters, and thesis dissertations were excluded.

Population of interest

We included reviews addressing (1) HCPs from PC set-
tings, including paediatricians, nurses, PC pharmacists,
and community pharmacists; and/or (2) parents or care-
givers of children with uncomplicated ARTIs.
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To identify the contextual factors, we also included
reviews addressing the public.

Interventions

Interventions to improve antibiotic prescription with at
least one educational component. We defined educa-
tional interventions as any attempt to encourage HCPs
to modify antibiotic prescription practice and to parents
to increase their knowledge, beliefs, or attitudes towards
improving antibiotic use. Educational interventions could
be delivered individually or in groups of people, in single
or multiple sessions, regardless of whether they included
an action plan. We excluded reviews of studies focused
on diagnostic procedures (e.g., rapid diagnosis tests),
mass media without educational interventions or clinical
decision support system interventions (including deci-
sion aids).

Phenomenon of interest

To address our first objective, we retrieved information
about the effectiveness of educational interventions to
improve antibiotic prescription in children with uncom-
plicated ARTIs. The effectiveness of these interventions
is tipically using outcomes such as antibiotic prescrip-
tions rates, consultation rates, knowledge, attitudes and
expectations, and satisfaction. For our second objective,
we identified contextual factors that may influence the
implementation of interventions aimed to optimise anti-
biotic prescription. Contextual factors were defined as a
set of active and unique characteristics or circumstances
surrounding the practice of antibiotic prescription. These
factors may represent either barriers or facilitators to the
educational interventions’ implementation [24].

Setting and Language

Outpatient settings: PC centres and/or community phar-
macies. We included reviews published in English or
Spanish.

Stage 3: Study selection

Two previously calibrated reviewers independently
selected references based on title and abstract, using
Rayyan QCRI software (Rayyan QCRI) [25]. Subse-
quently, a pair of reviewers independently selected the
reviews based on full texts. Disagreements were solved
by consensus or with the help of a third reviewer. Refer-
ences were managed with EndNote.

Stage 4: Charting the data

We used a previously pilot-tested data charting (Addi-
tional File 1. III Charting Data and “Best Fit” Frame-
work Synthesis Steps. IV Terms of Definition of the
Scoping Review). Pairs of previously calibrated review-
ers extracted relevant information from the included
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reviews. Disagreements were solved by consensus or with
the help of a third reviewer.

Stage 5: Collating, summarising and reporting the result
We used the “Best fit” framework synthesis approach,
consisting on seven deductive steps, to collect, anal-
yse and evaluate the information (Additional File 1. III
Charting Data and “Best Fit” Framework Synthesis Steps.
Table 1, and 2) [26].

We examined previous reviews of studies explor-
ing factors influencing antibiotic prescription [27-29].
After careful consideration, we selected and adapted the
Consolidated Framework for Implementation Research
(CFIR) [30]. We developed a logic model, based on this
framework, to explain how educational interventions can
optimise antibiotic prescription. As part of the devel-
opment process, we consulted experts (a qualitative
researcher, a public health expert and a psychologist) and
clinicians (a paediatrician and a nurse) to improve the
model.

The logic model was constructed through an iterative
process, as analysis was performed, with new themes
emerging as the analysis proceeded (Fig. 1). This model
consists of three main domains. (1) Intervention char-
acteristics, the themes that emerged from this domain
related to the type of intervention, the components, the
target population, the mode of delivery and effectiveness

Contextual factors
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components. (2) Contextual factors: contains three
subdomains being (a) Outer setting: Themes related fac-
tors outside the system such as public health policies or
influence of other stakeholders; (b) Inner setting: Themes
related to factor inside the system, such as HCP percep-
tions and attitudes; and (c¢) Characteristics of Parents:
Themes related to sociodemographic characteristics as
well as their perceptions. 3) Process-related factors
with subdomains: barriers and facilitators of antibiotics
use and implementation considerations of the interven-
tions. More details are in Additional File 1.

The findings from reviews assessing the characteristics
and effectivenessof educational interventions were nar-
ratively synthesised using the components of the inter-
vention characteristics of the logic model (e.g. target
population). The following definitions were developed to
classify the effectiveness of educational interventions:

+ Measures that showed a positive outcome in terms
of antibiotic use, the knowledge of population or
HCPs, consultation rate, attitudes, expectation and
satisfaction were classified as “more efective”

+ Measure that showed no improvement, or were
unclear, or worsen about the use and prescription
of antibiotics, the knowledge of the population or
HCPs, consultation rate, attitudes and expectation
satisfaction, were classified as “less effective”

Intervention characteristics

8. Clinical practice factors

Outer setting Inner setting Characteristics of parents Educational interventions
1. Public health 1. HCPs' attitudes and perceptions about prescriptions || 1. Sociodemographic factors 1. Type of interventions
policies 2. HCPs' knowledge about antibiotics and o Age 2. Target population
2. Pharmaceutical antimicrobial resistances o Family income 3. Duration of the intervention and follow-up time
companies 3. HCPs' needs o Region 4. Mode of delivery
3. Cultural and 4. The use and adherence to guidelines 2. Education level and health literacy 5. Outcomes measure and effectiveness of educational
societal norms and 5. HCPs'-parents communication 3. Knowledge and misconceptions interventions:
values , 6. Healthcare system factors: organization, 4. Paﬁents"clinical factors . Antibiotic use
4. Mass media professional teams, and funding 5 E)f(pectatlons, ne-eds and attitudes Consultation rate
7. Economic Factors: cost-saving perspective, financial of parents/caregivers Knowledge gain of parents/caregivers or HCPs
incentives 6. Patients’ clinical factors

Attitudes and expectations of parents/caregivers
Satisfaction of parents/caregivers or HCPs
Adverse consequences

Antimicrobial resistance

Impact cost
e —
Process related factors
Barriers and facilitators of the antibiotic use Implementation considerations

v

\

Effectiveness of educational interventions on ATB prescription

Fig. 1 Logic model illustrating the factors that influence the effectiveness of educational interventions to optimise antibiotic prescription in paediatric

uncomplicated acute respiratory tract infections
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When an educational intervention was implemented
alongside a non-educational intervention, the included
reviews did not differentiate the results by intervention
type. Therefore, this scoping review reports the findings
similarly. Additionally, the number of reviews categorised
by type of educational intervention has been quantified.
The synthesis of qualitative findings related to contex-
tual factors, derived from qualitative or narrative reviews
included (1) line-by-line coding themes from results and
discussion sections, (2) deductive classification of themes
concerning the logic model, and (3) inductive identifica-
tion of new themes (for findings not suitable to the logic
model). Therefore, the logic model was iteratively refined.
Finally, we developed descriptive and analytical themes
within each subdomain. One reviewer (UEA) proposed
the initial themes, and a second reviewer cross-checked
and confirmed that they were based on other subdo-
mains. Final themes were discussed with the review team
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for final approval. We charted the data in a spreed sheet
(Excel®) (Additional File 2).

Quality of included studies

We collected the instruments used in the included
reviews to assess the quality of the individual studies. We
report narratively the overall quality of the evidence as
reported in the included reviews.

Results

Study selection

We included a total of 33 reviews, selected as described
in the PRISMA flowchart (Fig. 2) [22]. Reasons for exclu-
sion of reviews are available in Additional File 1. II Eligi-
bility Criteria. Table 1, and 2.

Characteristics of included reviews
Among the reviews included, 11 (33.3%) addressed the
effectiveness of educational interventions [18, 31-40],

|

Studies included
(33)

Fig. 2 Flowchart of the study screening process

e ® No tittle/abstract available (114)

.
5
= Records identified through database searching
,§ (MEDLINE & CINHAL & EPISTEMONIKOS)
—
= (2639)
]
=
l
)
Records after duplicates removed
- (1956)
£
c
: l
1
e
o
N
Records screened
(1956)
l
o
&=
] Full-text articles assessed
%n for eligibility
(126)
—

Records excluded (1830)
* Different objective (542)
e Different design (643)

* Different population (474)
e Different phenomena of interest
(57)

— Full-text articles excluded,with
reasons (93)

* Different objective (28)

e Different design (29)

e Different disease (19)

e Different population (17)
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Table 1 (continued)

Number of

Target Population Quality as-

Setting

Type of primary  Country

study design of
the reviews

Number of stud-
ies including
educational

Objective

Review
Type

Author, Year,
Country

participants

sessment of

or region
of primary

studies
Randomised and  Not reported PC? hospitals,

non-randomised

evidence

the included

studies

intervention’

24

Not reported

Not reported

Parents, family doctors,

To identify measures implemented in
or narrative  France and abroad for antibiotic steward-

Literature

Wang 2015

community pharmacists

community

France [38]

pharmacies

PC?

ship in general practice.

Korppi 2022 Minireview To summarise the data on the implemen-

review

Not reported

Parents, physicians, Not reported

pharmacist

Randomised and  USA
non-randomised

evidence

5

(2025) 25:421

tation of antibiotic stewardship programs

and their impact.

Finland[39]

' In most cases, the number of studies including educational interventions are the same as the total number of included studies (i.e. Vodicka's review contains 17 studies, and 17 studies include educational interventions).
However, in other reviews such as Andrews et al., McDonagh et al., and Wang et al., the number of studies containing educational interventions is lower (Andrew’s review contains 23 studies in total and 20 studies including
educational interventions). Ten out of the 11 included reviews contain primary studies that assess educational interventions as well as non-educational interventions (e.g. delayed prescription, audit and feedback). 2 PC:

Primary care
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and 22 (66.7%) the contextual factors of antibiotic pre-
scription [17, 27, 41-60]. Tables 1 and 2 show the main
characteristics of the included reviews.

Country and setting

The most frequent countries of origin of the primary
studies included in the reviews were USA (21/33; 63.6%)
[17, 18, 27, 31, 34, 35, 39, 40, 42—44, 48-50, 52, 53, 55—
59], UK (17/33; 51.5%) [17, 18, 34, 40, 42-44, 46, 50-58],
European countries (13/33; 39.4%) [17, 18, 27, 31, 35,
43, 48, 50-52, 55, 58, 59] and Canada (8/33; 24.3%) [18,
43, 46, 48, 50, 52, 55, 58]. Less frequently the reviews
included studies from Asia (12/33; 36.4%) [17, 18, 27,
45-48, 52, 55, 58, 59], Africa (5/33; 15.1%) [17, 44, 45, 51,
55, 58], and South America (2/33; 6.0%) [17, 51]. More
details of the distribution of primary studies by country
of origin are available in Additional File 3. Figure I. Dis-
tribution of primary studies by country of origin.

Almost all primary studies were conducted in the PC
setting, although some reviews included few primary
studies conducted in emergency departments (7/33;
21.2%) [31, 32, 34, 35, 53, 54, 57], hospitals (13/33; 39.3%)
[33, 36, 38, 41, 43, 45, 47, 48, 50, 53, 57-59], and commu-
nity pharmacies (5/33; 15.1%) [38, 46, 48, 54, 57].

Sociodemographic and clinical information

The number of participants in each primary study and
across reviews varied widely (6—-485,632 participants).
From the 11 reviews assessing effectiveness, eight
reviews (72.7%) did not report the sex of participants,
while in 3/11 (27.3%) it was reported. About the age from
the 11 reviews, four (36.4%) included adults (parents or
HCPs), one included adults and children (9.1%) and the
remaining 6 (54.4%) did not specify the age group. Eigh-
teen reviews studied both upper and lower ARTIs (18/33;
54.5%) [18, 27, 31, 33-35, 37, 39, 41, 43, 48, 49, 52-54, 57,
59, 60] and 15 reviews included only upper ARTIs (15/33;
45.4%) [17, 32, 36, 38, 40, 42, 44-47, 50, 51, 55, 56, 58].

Quality of included studies

Most of the reviews evaluated the quality of included
studies (21/33, 63.3%). The most common tool for assess-
ing the quality of the studies was the Cochrane Risk of
Bias Tool [61] (6/33;18.2%) [18, 31, 32, 34, 40, 43], fol-
lowed by the Critical Appraisal Skills Programme tool
[62] (5/33;15.1%) [17, 42, 50, 52, 56], and by the Drug
Effectiveness Review Project [63] (1/11;3.0%) [35]. One
review evaluated the certainty of evidence with GRADE
[40, 64].

The mayority of the reviews considered the quality of
the studies to be low to moderate. The detected meth-
odological limitations referred to the study design and
implementation of the intervention, including contami-
nation between groups [40], lack of randomization [18,
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Table 2 (continued)

Number of

Target population Quality as-

Country or region of Settings

primary studies

Type of pri-

Num-

Review Type Objective

Authors,

participants

sessment of

mary study

ber of

Year, Country
[reference]

the included

studies

included design in the

studies

17

reviews

Not

Not reported

India, Spain, USA, UK, pC! Family doctors

Sweden, Iceland

Non-

Rose 2021 UK Qualitative literature To explore family doctors'views and

reported

randomised
evidence

opinions, to determine the driver’s

review

[56]

influencing over-prescription and to

determine how antibiotic prescription

can be improved.

(2025) 25:421

Not

Moderate

Physicians, non-

PC', emer-

UK, USA

Randomised
and non-

To identify the evidence regarding

Systematic review

Chater 2020
UK [57]

reported

medical prescribers
(nurses, pharma-

gency care,
hospital

the influences of non-medical pre-

randomised
evidence

scribers on antimicrobial prescription

behaviour.

community  cists, paramedics,

pharmacy

physiotherapists)

1 PC: Primary care
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34], short assessment period [39], limited external valid-
ity (e.g. exclusion of low-income settings or severe cases)
[31, 34, 37, 39, 40], poor reporting of surrogate outcomes
such as knowledge or satisfaction [31, 35, 37, 40], diag-
nostic criteria (due to the lack of explicit diagnostic cri-
teria and change in diagnostic labelling by participating
physicians) [31, 34, 40], and variability in the terminology
used for antibiotic use [35, 36].

Reviews assessing educational interventions:
characteristics and effectiveness

Intervention characteristics

Type of intervention

The 11 reviews included a total of 182 interventions with
at least one educational component out of 213 interven-
tions identified overall. There were six types of educa-
tional interventions as shown in Table 3. Although the
objective was related to the educational interventions,
31 interventions out of 213 (6.9%) were implemented
in combination with non-educational components. The
types of non-educational interventions were: (1) audit
and feedback [18, 31, 33, 35-40], (2) decision-making
tools for professionals [18, 31-33, 35, 37, 38], (3) delayed
antibiotic prescription [18, 33, 35, 37, 38], (4) guidelines
[18, 35-39], (5) point-of-care testing [35], and (6) finan-
cial intervention [38].

Target population, duration of intervention and follow-up
time

In most studies, the target population included both,
parents/caregivers and HCPs (7/11; 63.6%) [18, 31, 33,
35, 37, 39, 40]. Parents/caregivers were the unique target
population in one review (1/11; 9.0%) [34], and HCPs in
three reviews (3/11; 27.3%) [32, 36, 38]. Figure 3 shows
educational interventions addressed to HCPs, parents/
caregivers or both in the included reviews.

Seven reviews reported the duration of the interven-
tion (7/11; 63.6%) [18, 31, 32, 35-37, 40], showing a wide
variability, ranging from less than one hour to ten years.
Nine reviews reported the follow-up time (9/11; 81.8%)
[18, 31, 32, 34-37, 39, 40], varying from less than one
month to 36 months.

Mode of delivery of the interventions

From the 11 effectiveness reviews assessing effective-
ness, 51 interventions specified the mode of delivery. Of
these 39.2% (20/51) of the interventions were conducted
online, 33.3% (17/51) face-to-face, and 19.6% (10/51)
used a mixed approach combing both face-to-face and
online methods. The remaining four interventions did
not explicitly state the delivery mode. Educational ses-
sions were mainly mixed or face-to-face, communication
skills training was mainly face-to-face, and public cam-
paigns and computerised information were only online.
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Table 3 Type of educational interventions included: description and number of reviews

Type of interven-  Description of the intervention components Number of reviews  Refer-
tions’ components that included ences
each intervention
component

Educational Workshops, seminars, clinical meetings towards HCPs or parents with the aim of improving 6 [18,32, 33,
Sessions knowledge and attitude about the use of antibiotics. 35, 36, 40]
Written Disseminate information through pamphlets, leaflets, any other physical format towards 10 18,
Information HCPs or parents with the aim of improving knowledge and attitude about the use of 31-35, 37,

antibiotics. 38,40]
Communication Training programs focus on the improvement of HCPs-patients communication. 9 18,31,
Skills Training 32,34, 35,

37-40]

Computerised Disseminate information through videos, apps, or other digital devices towards HCPs or 11 [18,
Information parents with the aim of improving knowledge and attitude about the use of antibiotics. 31-40]
Public Campaigns A combination of strategies of information toward the public or a or specific population of 3 [35,37,

each disseminated on a large scale by mass media, in healthcare centres, schools, collage, 38]

... which involved educational interventions (printed or online material, media (radio, TV),

mass mailing, seminars, academic detailing) and non-educational ones (rapid test antigen

and audit and feedback)
Reminders Messages to update and remember information (e.g. knowledge or adequate practice) 3 [31, 33,36,

treat before in another intervention. The format could be pop-ups, mails,... 371

Type of educational interventions by the reviews

IS

Number of reviews
N

=

5
| I I I

Writing
information

Educational
sessions

Communication
Skills Trainning

Computerasied
information

Public Campaigns Reminders

Type of educational interventions

M Healthcare professionals

M Parents Both

Fig. 3 Educational interventions addressed to HCPs, parents or both in the included reviews

Written information strategies were delivered face-to-
face. Reminder strategies were disseminated online,
face-to-face and mixed. More details in Additional
File 3. Figure II. Mode of Delivery of the educational
interventions.

Outcomes measure and effectiveness of educational
interventions

Most of the educational interventions were reported as
effective (136/182; 74.7%). Table 4 below summarises the
findings of the reviews according to the effectiveness of
educational interventions per outcome and the imple-
mentation factors identified.

Antibiotic use

Educational interventions showed a reduction in antibi-
otic use of 6-21% in absolute terms [31] and 9-52% [33].
McDonagh et al. conducted an effective clinical-based
educational intervention for parents/caregivers in which
the reduction of antibiotic use was 21.3% [35]. Targeting
parents/caregivers along with HCPs (commonly physi-
cians) appeared to be more effective than implementing
interventions separately [18, 31, 35, 36, 39, 40]. Interven-
tions targeting only parents/caregivers showed inconsis-
tent results [34, 35].

Overall, combined interventions with different strat-
egies appeared to be more effective than single inter-
ventions [32-36, 39]. Communication skills training
appeared to be a very effective type of intervention [18,
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Table 4 Summarise of the reviews'findings according to the effectiveness of educational interventions by outcomes and
implementation factors
Antibiotic use

More effective Less effective

Combined Individual

- Educational sessions combined with educational materials for physicians and/or parents [31,32]. - Educational ses- - Clinic-based education for
- Educational sessions (online by training video towards healthcare professionals for better man- sions for parents  parents of children aged 24
agement in children with TURTIs) in combination with risk factor checklist [32]. (33-36). months with AOM [35].

- Educational sessions combining a delayed or no antibiotic prescribing strategy [34]. - Educational - Public education cam-

- Educational sessions plus audit feedback [33, 39]. session for HCPs  paigns aimed at adults [35]
- Educational session for patients (written information), plus audit and feedback [35] such meetings or - Educational sessions

- Clinical practice guidelines (collaborative development), combined with written or computerised academic detail-  combined with audit and
information [32]. ing [32, 34, 36]. feedback and addressing

- Communication skills training plus point-care testing, including shared decision-making interven- - Written informa- parents and HCPs [35]

tions [35]. tion to parents - Written information plus

- Public education campaigns plus clinician and patient or parent education interventions [35]. of children with  prescribing feedback to

- Guidelines and leaflets [33]. ’ARTIs given by~ physicians, compared to just

physicians for ex-  prescribing feedback [40]
ample an eight-
page booklet on
acute URTIs given
during a consul-
tation or written
interactive
materials during
the consultation.
[40].
- Communica-
tions skills train-
ing [18, 33]
- Public cam-
paigns aimed at
educating par-
ents (33,35-38).
Consultation Rate

More effective Less effective

- Educational sessions clinical based for parents [35]. - Communication skill

- Writing information (pamphlet-based) in upper ARTI [35]. training versus point-of-care
- Educational sessions towards parents like informative, illustrated booklets prior to their child becoming ill, and specifi- C-reactive Protein Testing or
cally sore throat, cough, respiratory tract infection and otitis media [34]. usual care [35].

- Written information for parents [31]. - Writing information (inter-

- Public campaigns for parents [35, 37, 38]. active booklet during clinic

visits versus computer kiosk
in the waiting room [35]

- Written information no sig-
nificant effect on compared
to usual care [40]

Knowledge

More effective Less effective

- Educational sessions and writing materials among physicians [32] - Public campaigns which try
- Educational sessions versus searching in Wikipedia [33] to improve the knowledge

- Computerised information (with or without a pamphlet) among just urban parents [35]. between infections caused

- Computerised information (based on cartoon-animation videos and illustrations) among parents [34]. by viruses or bacteria do not
- Two public campaigns that improve knowledge (increase standard of appropriate use [37, 39]. show any change in knowl-
- Communication skill training [33]. edge or even increase the

self-medication [33, 37].
Attitudes and Expectation
More effective Less effective
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Table 4 (continued)

Page 14 of 24

- Public campaign based on a television spot [37].

- Computerised and written information (videotapes, pamphlets and posters) aimed at parents [35].

- Public campaigns [35, 371.
- Share decision-making among parents [35].

Satisfaction
More effective

- Educational sessions towards patient and clinician did not decrease satisfaction [35].

- Writing information (news-
letters in the cold and flu
season over 3 years) [35].

- Shared decision making
among physicians [35].

Less effective
- Written information inter-
vention towards parents [40].

More effective: those interventions that presented a positive result in relation to the use and prescription of antibiotics, the knowledge of population or HCPs,
consultation rate, attitudes and expectation satisfaction. Less effective: those interventions that do not have improvement or worsen in relation to the use and
prescription of antibiotics, the knowledge of population or HCPs, consultation rate, attitudes and expectation satisfaction, or even when it is no clear the result or
no information is given about effectiveness. Implementation factors are the factors identified in the review that facilitate the implementation of the intervention in
each context. "URTI: uncomplicated Respiratory Tract Infections. 2ARTI: acute respiratory tract infections. No information on cost-effectiveness, adverse effects or
antibiotic resistance is included in this table. The information is scarce and is commented on in the text below

Table 5 Number of reviews assessing contextual factor that included each contextual factor

Constructs Factor Number References Constructs Factor Number  References
of reviews of reviews
Charac- Age 3 [42,50,51] Inner HCPs attitudes and percep- 10 [27,41, 44,
teristics of  (Sociodemographic factors) setting tion about prescription 49-52, 56,
individuals 59, 60]
Family income 3 [53, 60, 65] HCPs knowledge antibiot- 9 [27,45, 46,
(Sociodemographic factors) ics and AMR 51,55, 56]
Region (Sociodemographic 3 [17,53,60] HCPs needs 3 [27,41,52]
factors)
Education and Health Literacy 3 [42,56,57] HCPs- parent 6 [17,27,42,
communication 49,59, 67]
Knowledge and misconception 3 [17,48,49] The use and adherenceto 5 [45,52,57,
guidelines 60]
Expectations, needs and attitudes 8 [17,41,42, Healthcare system factors 6 [17,41,43,
of parents/ caregivers 50,51, 59] 47,50, 51, 56]
Patients’clinical factors 2 [41, 44, 66] Economic factors 3 [50, 51, 56]
Outer Policy 2 [46, 50] Clinical practice 2 [27,44, 46]
setting Pharmaceutical Industry 2 [27,41,45]
Social norms 2 [27,41]
Mass media 1 [41]

33]. Public campaigns also showed a large effect accord-
ing to four reviews [33, 35, 37, 38]. According to two
other reviews by Mc Donagh et al. and Korppi et al. —
one primarily evaluating educational strategies and the
other focusing on public campaigns — no reduction in
antibiotic use was observed [35, 39].

Consultation rates

Educational interventions showed variable results regard-
ing consultation rates. Five reviews reported some educa-
tional interventions showing a reduction in consultation
rates from 17 to 13% [32, 34, 35, 37, 38]. Interventions
combining communication skills training and point-of-
care testing had no impact on reconsultation visits [35].
One of these reviews observed that an intervention based
on an interactive booklet about childhood respiratory
tract infections delivered at the point of care did not lead
to significant differences in the proportion of reconsult-
ing and hospital admissions after two nights [34].

Knowledge gain of parents or caregivers and HCPs

Some educational interventions were described to
improve knowledge of appropriate antibiotic use in the
public [37], parents/caregivers [34], paediatricians [32]
medical students [33]. However, two reviews found
inconsistent results in terms of knowledge, showing
unclear results or incomplete evaluation of effect [37, 39].
Results were reported narratively, except in one review
that reported an improvement of paediatricians’ knowl-
edge by more than 20% in absolute terms [32].

One review showed an improvement in adherence to
guidelines in the first episodes of acute otitis media after
educational interventions [31]. However, another review
did not observe such an improvement [35].

Attitudes and expectation of parents and caregivers

One review reported a study (based on a waiting room
videotape message intervention) that showed an increase
in the proportion of parents/caregivers with appropriate
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Table 6 Barriers and facilitators of the appropriate prescription of antibiotics
Barriers of the appropriate use and prescription of antibiotics

Related to parents and children
The urgency of parents to cure their child [17]
Some sociodemographic factors:

- Living in rural areas [17]

- The age of the children [17].

- And the young age of the parents (since they have less experience and knowledge about antibiotics) [49]
Knowledge

- Parental knowledge was sometimes seen as a facilitator or as a barrier [57]

- Other times the poor knowledge of parents about antibiotics was associated with self-medication [17]

- The increasing college age of parents could be a barrier according to others [49]
Related to HCP

+ HCP’s time-pressure [45].

- Previous studies and training (the knowledge acquired during university training and from supervisors during hospital training influences the
subsequent clinical practice of the physicians) [50]
Related to communication HCPs-parents

+ The use of complex terms and jargonistic language by HCPs (influenced a poor HCP-patient relationship) [42]

- The lack of medical examination and of specific clarifications (simply receiving an antibiotic prescription without further explanations) [17]
Related to the pharmaceutical industry

- Unavailability of the recommended antibiotic in some regions [45]

- Oversupply and near-expiry antibiotics in some PC centre [45]

- Economic benefits from prescribing certain antibiotics over others [45]
Related to the community pharmacists

- Lack of training to undertake Antimicrobial Stewardship Programs (e.g. lack of availability of Antimicrobial Stewardship Programs supports dis-
pensing guidelines) [46]

- Lack of access to patients'records and laboratory data [46].

- Lack of systems that support interacting with physicians, physicians” non-receptive behaviours to community pharmacists'interventions on the
choice of antibiotics [46]
Related to the design of the interventions

- Lack of long-term studies [51]
Facilitators of the appropriate use and prescription of antibiotics
Related to communication HCPs-parents

- Listening to patients’demands in consultation, interpreting their expectations [42, 53]

- Providing adequate explanations on care [42, 53]

- Using simple terms [42, 53]

- Providing information and reassurance regarding the self-limiting nature of uncomplicated ARTIs [49]
Related to the community pharmacists

- Offering access to HCPs to internet-based and up-to-date information [45]

- Physicians acting as referent and facilitating a good clinical practice [58]

- Community pharmacists collaborating with physicians [46]

- Doing public awareness campaigns [46]

+ Assessing drug interactions [46]

- Adverse drug reactions and allergies to prescribed antibiotics [46]

- Developing patients’ clinical and laboratory reports [46]
Related to the context

- Understanding the context of the interventions (result in a meaningful and sustainable change implemented [52, 58]
Related to the design of the interventions

- The use of behavioural science-based interventions and considering psychosocial factors and frameworks (e.g. Theoretical Domains Framework)
in their development [54, 60]

attitudes towards antibiotic use (OR=0.20 [0.10-0.39])
[34]. However, there were no changes in antibiotic pre-
scribing rates at 6- and 12-months follow-up [34].

Satisfaction of parents/caregivers and HCPs

Three reviews assessed satisfaction; two did not identify
neither a positive or negative effect on parental’ or HCPs’
satisfaction [35, 40]. Another review did not observe a

relation between parental satisfaction and a delayed pre-
scribing or no prescribing intervention with watchful
waiting [34].

Adverse consequences

Potential adverse effects associated with reduced antibi-
otic use were scarcely evaluated. Three education-based
interventions analysed in one review (clinical-based
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educational intervention for parents of peadiatric
patients, public campaigns aimed at parents of young
children, strategies combining clinician and patient or
parent education intervention) reported no increase in
adverse consequences (return office visits and potential
complications) and no negative impact on complica-
tions [35]. Another review, revealed that campaigns did
not have a response plan to manage unintended serious
adverse effects associated with the reduction in antibiotic
prescription [37].

Antimicrobial resistance
Regarding AMR, some campaigns were associated with
a decrease in resistance at least for Streptococcus pneu-
moniae infections in a setting with high baseline anti-
biotic use and penicillin non-susceptible Streptococcus
pneumoniae rates [37].

Impact on cost
National campaigns were associated with a reduction in
antibiotic expenditure: a decrease in national antibiotic
expenditure from NZ$36 to NZ$ 14.5 million in New
Zealand (1996-2003), a reduction of €850 million in
France (2002-2007), and €70 million in Belgium (2000—
2006) [37]. However, no review assessed the cost-effec-
tiveness of the campaigns or other types of interventions.
Excerpts from the review texts supporting these results
are provided in Additional file 4.

Reviews assessing contextual factors

Contextual factors were analysed according to the con-
structs detailed in the logic model. Table 5 shows the
number of reviews addressing contextual factors and
the type of factor categorised in three of the domains of
the logic model. We also created an interactive figure to
facilitate the visualisation of these findings (Additional
File 3. Figure III. Contextual factors related to antibiotic
prescribing by the number of the reviews).

Population

The target population addressed in these reviews were
parents or caregivers and HCPs (paediatricians, family
doctors, nurses and community pharmacists). Parents/
caregivers were the selected population in three reviews
(3/22; 13.4%) [17, 47, 48] and HCPs in 12 reviews (12/22;
54.5%) [41, 44-46, 49, 51, 52, 54, 56—59]. Seven reviews
addressed both parents and HCPs (7/22; 31.8%) [27, 42,
43, 50, 53, 55, 60].

Characteristics of parents and caregivers
Sociodemographic factors

We retrieved information related to age, region and
income. Age directly influences antibiotic prescrib-
ing [50, 51], and according to Bosley et al., younger
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parents/caregivers had less knowledge of antibiotic usage,
because they had less parenting practice [42]. Geographic
regions also influenced antibiotic prescribing, with no
clear pattern of variability between regions [17, 53, 60].
One review showed a higher rate of antibiotic prescribing
in rural areas than in urban areas [60]. However, another
review found limited data comparing antibiotic prescrib-
ing by area to allow firm conclusions [53]. Income was
described as an influential factor in antibiotic prescribing
[50]. However, there was no unique pattern associated
with each socioeconomic level. On the other hand, peo-
ple with lower income were less likely to receive an anti-
biotic prescription than patients with private insurance
[41, 44, 45]. Sometimes because physicians preferred
not to overcharge patients with laboratory fees, they
prescribed less [45]. Other times, because paying a con-
sultation fee increased the likelihood of receiving a pre-
scription for antibiotics [41]. On the other hand, patients
from deprived socioeconomic areas tended to know and
understand less about AMR and were more likely to
receive antibiotics for uncomplicated ARTIs [41].

Education and health literacy of parents
Educational level influenced antibiotic prescribing [50],
and an association has been observed between a lower
educational level and inappropriate prescribing [42, 56].
Access to the internet and other sources of information
could vary depending on the educational level, affecting
knowledge about these drugs [42]. In addition, parents
with a high educational level may perceive themselves as
well-informed and feel more confident about appropriate
antibiotic use, being more likely to self-medicate [42].
One review reported that parents/caregivers were
aware of the importance of completing antibiotic treat-
ment courses but were unfamiliar with the aetiology of
infections and when to use antibiotics [42].

Knowledge and misconception

A higher socioeconomic position was associated with
better knowledge about antibiotics, although greater
knowledge did not always imply an appropriate use [17].
Overall, the public had an incomplete understanding and
misperceptions about AMR [49]. Most parents had heard
the term AMR and thought about the risk of being hos-
pitalised or the need for prolonged courses of antibiotics,
but they had low awareness and perceived a low per-
sonal risk of AMR [48]. They attributed the development
of AMR to the actions of others, such as clinicians and
other patients, and not necessarily to the overuse of anti-
biotics or not completing a treatment course [49]. Finally,
it was not usual for parents to discuss AMR with their
physicians [48].
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Expectations, needs and attitudes of parents/caregivers

A common finding across reviews was that parents often
expected an antibiotic prescription when attending a
medical consultation, based on their previous experi-
ences, concerns, and anxiety, sometimes resulting in an
inappropriate prescribing practice [41, 42, 47, 50, 56].
Parents were afraid of not recognizing the symptoms of
serious illnesses in their children, and this concern made
them consult clinicians promptly to validate decision-
making and to seek reassurance [42]. This sometimes
led to self-medication [42, 51]. Parents often just wanted
more information about the symptoms, the diagnosis
or comment on previous experiences [59]. It has been
shown that antibiotic prescription was more appropriate
when the consultation was patient-centred [41]. Cantero-
Arévalo et al. remarked that increasing parents’ knowl-
edge about the causes of ARTIs and the appropriate use
of antibiotics can change their attitudes and behaviours
[17].

Patients’ clinical factors

The clinical uncertainty about some ARTIs had a large
influence on the appropriate antibiotic prescribing [41,
50]. For example, a fever of less than three days duration
or phlegm characteristics may urge clinicians to prescribe
antibiotics even when there is no scientific evidence that
these are necessary. Patients’ conditions or individual
factors such as allergy, comorbidity, pregnancy or other
specific clinical conditions could also influence antibiotic
prescribing [50]. The efficacy and tolerability of antibiot-
ics were among the most influential factors in prescribing
decisions [44].

Inner setting

Healthcare professionals’ attitudes and perceptions about
prescriptions

Attitudes of HCPs were considered the most important
factor affecting antibiotic prescribing [50]. Overall, physi-
cians’ attitudes and feelings related to prescribing, such
as fear or anxiety related to misprescribing, may lead to
overprescribing [27, 50, 51, 56]. One review found no
association between empathy or burnout and antibiotic
prescribing for ARTIs in PC [41].

HCPs’ perceptions influenced inadequate prescribing and
there were several factors related
Clinic-related factors: (a) Perception of fear of complica-
tions from infections [27, 50, 60], (b) feeling uncertainty
about ARTIs management [41, 52, 59], (c) Perception of
the severity of the illness and abnormal results through
the clinical examination [41], (d) Perception that overpre-
scribing is not a problem [27].

Healthcare system-related factors: (a) Perception of
lack of time and work overload [41, 60], (b) Feeling that
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explaining to parents why antibiotics are unnecessary
takes more time than writing [60].

Patient-physician related factors: (a) Parental pressure
or implicit request for an antibiotic prescription [27, 41,
45, 49, 52, 59, 60], (b) Perception that parents need for
a quick relief of children symptoms [45] (c) Perception
that parents are questioning their diagnosis or therapeu-
tic decision [41, 59] when parents are actually seeking
for information or are concerned about some aspects of
the treatment options [59], (d) Concern about the con-
sequences of the patient-physician relationship, which
implies prioritizing patients’ satisfaction and expecta-
tions rather than selecting the most appropriate treat-
ment [27, 41, 45, 50, 52, 56]. Texeira Rodriguez et al. also
observed that fear of losing patients was directly related
to antibiotic misprescribing, although complacency had
little or no influence on antibiotic prescription [50].

According to Cabral et al.,, parental pressure was rare,
but many times parental communication and behaviours
were interpreted by physicians as pressure for antibiotic
prescribing [59]. However, many clinicians who were
conscious about overprescribing, anticipated pressure
for antibiotic prescription and made an adequate pre-
scription or gave recommendations justifying their pre-
scription of non-antibiotic treatment [27, 44, 59]. When
clinicians asked parents for feedback, this was seen as an
opportunity to improve the patient-physician relation-
ship [52].

Healthcare professionals’ knowledge of antibiotics and
antimicrobial resistance

Physicians believed that it was possible to reduce antibi-
otic use without putting their patients at risk to prevent
the escalation of AMR, but they also believed that anti-
biotic use could reduce the occurrence of complications
[45]. University education, postgraduate continuing edu-
cation and work experience were identified as factors
positively influencing physicians’ knowledge and percep-
tion of AMR [41, 46, 50]. If physicians did not have direct
experience with the consequences of antibiotic overuse,
they did not change their practice even if it was incorrect
and despite knowing the possible negative consequences
[57].

Knowledge about AMR varied between regions and
years of experience of the HCPs. Physicians who had
a relaxed and complacent attitude toward AMR, were
potentially causing increased antibiotic prescriptions [51,
56]. Physicians had a general idea about the problem of
AMR and its consequences, but their knowledge regard-
ing the prevalence of AMR in their local settings was lim-
ited [45].
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Healthcare professionals’ needs

There was little discussion of the needs of HCPs. Lucas
et al. highlighted that physicians needed to quickly com-
plete consultations and ensure that both parents and cli-
nicians were satisfied after it [27]. Findings showed that
physicians needed further guidance on how to answer
patients’ concerns without interpreting their questions as
a demand for antibiotics [41]. Moreover, clinicians found
it difficult to educate parents to understand that antibiot-
ics were not necessary [27], stating that a more holistic
approach should be performed when assessing patients’
needs [52].

The use and adherence to guidelines

Guidelines use can be an influential factor in physicians’
decision-making [50]. Non-physician prescribers found
them useful [57]. However, the results remain inconclu-
sive [45, 50, 52, 60]. The limited guideline recommenda-
tions for some conditions [60] and the low physicians’
confidence in guidelines may contribute to inappropriate
variations in antibiotic prescribing [45]. Pocket antibiotic
guidelines were rated as the most useful source of infor-
mation [45], and in some places (e.g. Spain) clinicians
preferred guidelines adapted to the local context [52]. In
addition, King et al’s review found that physicians in the
USA followed guidelines’ recommendations for outpa-
tient conditions, but there was sometimes low adherence
in common conditions, such as acute otitis media, sinus-
itis or pharyngitis [60].

Healthcare professionals-parents communication
Communication was a key element influencing antibi-
otic prescribing [42, 49, 50, 59], some of the main factors
influencing the HCP-parents interaction being:

Positive factors: (a) trustful and open communication,
(b) easy access to clinician, (c) use of a range of com-
munication methods (telephone, email, appointments)
and, (d) addressing the need for antibiotics and the risks
involved [17, 27, 42].

Negative Factors: (a) jargon and difficult vocabulary
[42], (b) clinicians not spending enough time on explana-
tions [42], and (c) limited conversations that do not leave
time for parents to ask questions or report symptoms
[59].

Physical examination may be important in giving the
parents the chance to communicate and express their
concerns and doubts [27, 49], providing them with infor-
mation and reassurance [59]. Explanation of therapeutic
decisions and other patient-centred strategies positively
influenced patient satisfaction [17, 42].
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Healthcare system factors: organization, professional
teams, and funding

Several healthcare system related factors may favour
inappropriate antibiotic prescribing, including direct
patient access to antibiotics [41], HCPs” workload and
pressure [41, 50, 51, 56], lack of diagnostic facilities, com-
munication and organisational model, accreditation level
of the practice setting and ownership of the practice loca-
tion [50], roles and relationships of professional teams
[46], and healthcare system funding [47].

Reviews reported an insufficient time to inform patients
and discuss treatment alternatives, which was directly
related to patient overload and organisational pressures,
leading physicians to inappropriate prescribing [41, 50,
51, 56]. Additionally, the lack of structure and organisa-
tion to facilitate the work between physicians and other
HCPs [46, 57], and the poor willingness of physicians to
receive advice from pharmacists did not favour the coor-
dination [46]. Pharmacists and informal HCPs (those
who serve multiple functions in the healthcare delivery
and include drug sellers, traditional birth attendants, and
village doctors [67] may also be influential, particularly
in regions where there is relatively unrestricted access to
antimicrobials [55]. Community pharmacists considered
AMR very important, and they were willing to collabo-
rate to address Antimicrobial Stewardship Programs, but
they believed their functions were undefined and stake-
holders and policymakers should consider them as they
provide an active role in patient safety [46].

In addition, some health services such as working in of
hours units [41] and the private sector [45, 47] may influ-
ence inappropriate prescription, the latter having a high
prevalence and overuse of broad-spectrum antimicrobi-
als [45, 47]. Finally, the PC setting was found to be one of
the most significant contributors to prudent prescribing
[43].

Clinical practice factors

HCPs considered some clinical practice factors as posi-
tive for appropriate prescribing: (a) pharmacists eval-
uating clinical safety parameters before dispensing
antibiotics (e.g. drug-drug interactions, allergies and
previous adverse drug reactions) [46], (b) monitoring
the symptoms and waiting before starting antibiotics, or
initiating broad-spectrum antibiotics while waiting for
results to adapt the treatment [44], and (c) offering self-
care treatment or over-the-counter therapy for an infec-
tion when antibiotics were not necessary [46].

Economic Factors: cost-saving perspective, financial
incentives

Only three reviews detailed economic factors (cost-sav-
ing perspective or financial incentives) [50, 51, 56].
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A cost-saving perspective influenced physicians” pre-
scribing behaviour as professionals were concerned
about the cost to the system and to patients [50, 56].
Additionally, economic incentives promoted antibiotic
overprescribing [50, 51].

Outer setting

Contextual factors framed in outer settings have been the
least studied according to our findings. Overall, public
health policies helped to address antibiotic misuse [50].
Pharmaceutical companies influence physicians’ pre-
scriptions and could sometimes be one of the major driv-
ers of inappropriate prescription [27, 45] by influencing
antimicrobial selection in the USA and Spain according
to Md Rezal et al. [45]. In some cultures, prescribing “just
in case” or because of the perception of external pres-
sure from educators, employers, parents [27], or daycare
providers [41] is deeply rooted. Bosley et al. investigated
cultural factors influencing parental attitudes toward
antibiotic use, that some parents preferred managing
their child’s illness at home, using alternative treatments
and remedies [42]. Additionally, two other reviews high-
lighted that heterogeneity in cultural contexts, healthcare
systems, antibiotic consumption patterns, and resis-
tance levels, makes the identification of the most effec-
tive interventions complex. Daycare centres sometimes
pose an external pushing factor that encourages parents
to consult a PC physician and seek antibiotics, overrid-
ing parents’ own beliefs and perceptions about when it is
appropriate to consult and use antibiotics [41]. Although
there was little information about it, some authors con-
sidered that repeated national TV advertising campaigns
reduced antibiotic prescription in uncomplicated ARTIs,
especially when they targeted both HCPs and the public
[41].

Process related factors

Implementation considerations of the educational
interventions

The reviews highlighted several factors that may facili-
tate the implementation of educational interventions, to
optimise antibiotic prescription. Some of the facilitating
factors related to the target population identified in the
reviews were conducting educational sessions in small
groups [33], integrating patients, families or the public
when developing the intervention [36], and improving
engagement of parents/caregivers and children in the
process of care before children’s illness [34]. Other fac-
tors included providing written information focused on
a specific symptom [34], open access learning sites with
concise information [33], using more than one compo-
nent (such as audit and feedback, academic detailing or
education) [36], and educational follow-up elements like
dissemination of information, followed by regular audits
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and repeated personalised feedback [39]. The involve-
ment of different HCPs, such as pharmacists and physi-
cians in public campaigns was also mentioned [33, 38]. It
was also suggested that public campaign messages should
be clear and simple and, if possible, positively framed
[37].

Reviews have also identified some barriers to imple-
menting educational programs or rational antibiotic pre-
scribing. These factors included physicians being hesitant
to implement Antibiotic Stewardship Programs or to
change their prescribing habits [38, 39]. Additionally, the
reviews assessed did not identify any research incorpo-
rating long-term evaluations.

Barriers and facilitators of appropriate antibiotic use
Seven reviews out of 22 contextual factor reviews (31.8%)
reported barriers and facilitators for appropriate antibi-
otic prescribing. Overall, barriers were related to parents
and children, HCPs, communication between HCPs and
parents, the pharmaceutical industry and community
pharmacy. According to facilitators, we identified some
related to communication HCPs-parents, community
pharmacists, context, and design of the interventions. It
can be highlighted that providing information and reas-
surance regarding the self-limiting nature of uncompli-
cated ARTIs facilitates the adequate use of antibiotics
[49]. In contrast, the use of complex and jargonised terms
by HCP to be understood by parents [42]; or the lack of
access to patients’ records by community pharmacists
complicate the appropriate use [46]. More details appear
in Table 6.

Excerpts from the review texts supporting these results
are provided in Additional file 5 I Outer Setting. II Char-
acteristics of Individuals. III Inner Setting.

Discussion

Main findings

This scoping review of reviews identified and character-
ised educational interventions, including implementation
considerations, addressing inappropriate antibiotic pre-
scription in paediatric uncomplicated ARTIs in PC. We
also identified contextual factors for optimising antibiotic
prescription, including barriers and facilitators.

Reviews highlighted interventions’ characteristics that
contribute to the optimisation of antibiotic prescription
of antibiotics including target population (two popu-
lation targets rather than one, for example, HCPs and
parents/caregivers) and mode of delivery (face to face
or online), type of interventions (communication skills
training, public campaigns and educational interven-
tions including workshops, clinical meetings, and semi-
nars) and combinations of interventions. Computerised
interventions (e.g. video and apps) have been much less
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studied, although they appear to be promising. Written
information interventions showed variable results.

Other outcomes, such as consultation rate, knowledge,
attitudes and expectations have been less well studied.
Consultation rate was reduced by interventions includ-
ing public campaigns, educational sessions and writ-
ten materials for parents. Educational sessions, public
campaigns and computerised interventions that target
both children and their parents had a positive impact on
improving their knowledge. We found scarce evidence
about attitudes and expectations, but public campaigns,
and computerised and written information interventions
appeared to be beneficial. There is limited information
on patients’ outcomes (e.g. symptoms, complications and
satisfaction), resource use and cost. Most of the reviews
did not report on economic data. Only three reviews
addressed this issue but found no information on cost-
effectiveness evaluations in the included studies.

Regarding contextual factors, those regarding charac-
teristics of parents and caregivers, including sociodemo-
graphic factors (e.g. economic factors), educational level
and knowledge, influenced antibiotic prescribing, but
the results were variable. In addition, it is unclear if pre-
vious experiences and concerns (e.g. about symptoms),
influence parents’ expectations of receiving antibiotics.
Parents do not always request antibiotic, but rather seek
reassurance and information on the children’s situation.
Consequently, it is important for HCPs to listen actively
to parents’ concerns, and to be able to communicate
clearly the diagnosis and the most appropriate course of
action.

In relation to inner setting factors, they were the most
frequently reported, especially HCPs” attitudes and per-
ceptions, such as fear or anxiety, which contributed to
overprescribing. HCPs” knowledge about antibiotics
and AMR were also common, varying depending on the
region and experience. Prescribers balanced the risk of
complications or uncertainty and AMR, but, in general,
there was a lack of knowledge about the local prevalence
of AMR rates. HCPs-patient communication influenced
physicians’ attitudes towards antibiotic prescribing (e.g.
perceived pressure from parents). Other factors related
to healthcare systems, such as lack of time, organiza-
tional pressures and patient overload were also identified.
Several outer setting factors that may affect antibiotic
prescription practice were also identified such as mass
media, the pharmaceutical industry putting pressure on
the choice of antimicrobials, and the social norm of pre-
scribing “just in case”. However, there is a significant gap
in the literature regarding the influence of cultural differ-
ences on decision-making processes among physicians
and parents, which warrants in-depth analysis in future
research.
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Many of the barrier factors were also identified as inner
setting. However, it can be underlined for example the
lack of medical examination and specific clarifications
and the lack of support from interacting pharmacist
and physicians. As facilitators for a better development
of interventions, it is recommended to work in small
groups, address specific symptoms rather than general,
know whether professionals in that setting are hesitant to
change, develop clear and accessible information for the
target population, as well as consider the participants, by
facilitating engagement.

Our results in the context of previous results

The results of our scoping review corroborate the find-
ings from previous evidence synthesis efforts. Previous
reviews analysed ARTIs in adults [68, 69], paediatric
infections not restricted to ARTIs [70], or another type
of respiratory infection in adults [71]. This evidence also
highlighted the importance of multifaceted interven-
tions that combine more than one intervention’s compo-
nent [52, 71], address more than one target population
and the use of delivery mode [71]. Our findings, as well
as Germeni et al. and Arnold et al., also remark that the
interventions are context-sensitive and thus, acceptabil-
ity and barriers to implementation of the interventions in
the community and the context should be considered [69,
71]. According to our findings and Dona et. al.’s review,
paediatric Antimicrobial Stewardship Programs reduce
antibiotic prescribing, and also the healthcare costs and
AMR, according to this author [70].

Limitations and strengths

Our review has some limitations. Applying a logic model
can generate bias in data selection, since we focused on
previously specified categories. As an effort to counter-
act these limitations, the definitions of the categories in
the logic model have been established after a literature
review, adapted from other frameworks, and refined
after dialogue with field experts, as well as after the ana-
lysing of the content of the included reviews. Moreover,
the data extraction and synthesis were conducted inde-
pendently by pairs of reviewers. Also, as recommended
by the “best fit” framework synthesis methodology, we
collected and identified other factors that emerged in
the analysis. Other limitations are that only reviews pub-
lished in English or Spanish were included, and the limi-
tations inherent in the scoping reviews, including the lack
of formal assessment of the methodological limitations
and main findings of the included reviews, or a more
in-depth analysis. Finally, regarding the methodological
aspects, the heterogeneity in the design of the studies
and the outcome measures limited the findings in terms
of synthesis and comparison [72]. The “antibiotic use”
outcome was expressed in different ways throughout the
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reviews, potentially limiting the ability to synthesise the
findings [34]. Another limitation of this scoping review
is that, rather than independently assessing the relative
effectiveness and certainty of the evidence, it relies on the
conclusions drawn by the included reviews. As such, the
findings should be interpreted as indicative rather than
conclusive in guiding decision-making. It should be high-
lighted that a reduction in antibiotic prescriptions may
not necessarily reflect an improvement of the quality of
prescribing practice [37]. For instance, the use of broad-
spectrum antibiotics could have also increased [37]. Our
review has also some strengths. To our knowledge, this is
the first scoping review of reviews focused on the effec-
tiveness of educational interventions, which also assesses
factors affecting antibiotic prescribing practices, and the
application of this logic model could prove helpful for
similar evaluations. We have also identified knowledge
gaps in the development, implementation, and evaluation
process of the identified interventions.

Implications for practice and research

We identified a set of educational interventions and con-
textual factors that can guide policymakers, HCPs, and
researchers in the design of educational interventions
tailored to optimise antibiotic prescribing in paediatric
uncomplicated ARTIs in PC. To address the barriers to
the implementation of the interventions, probably one of
the main limitations, governmental plans and Antimicro-
bial Stewardship Programs should consider parents” and
HCPs’ needs, the difficulties and previous experience
in each context, and include a patient-centred holistic
approach, including PC centres and community phar-
macies, linked to hospitals and the public. At the organ-
isational level of healthcare, some factors may facilitate
implementation, such as (1) HCPs’ team-building (shar-
ing protocols and plans to support the clinical decision
systems), and (2) implementing feasible interventions in
each context, addressing HCPs’ prescribing-related fac-
tors (promoting continuous training, offering guidelines
and context-specific sources of information, facilitating
local data on antibiotic prescription rates and on AMR
prevalence). The use of electronic systems that allow a
systematic collection of information to understand the
practice is mandatory, both for daily practice and for
future studies. Finally, more studies in this area should
receive governmental and private funding [34]. Our
findings have also informed the design of the OptimAP
project, including the development of two educational
interventions [23].

Further research is needed on (1) the design of the
interventions based on complex interventions and
on behavioural change frameworks; (2) participa-
tion of parents and children in the design of interven-
tions; (3) context-specific barriers and facilitators of the
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implementation; (4) economic implications; (5) evalu-
ation of intermediate outcomes (e.g. consultation rate,
knowledge, attitudes, or satisfaction); (6) assessment of
intervention components (e.g. mode of delivery and the
multifaced interventions); (7) contextual factors (espe-
cially outer settings and patients’ characteristics); (8)
long-term evaluations; and (9) facilitators and barriers.

Conclusions

Combining interventions (educational intervention plus
another type), targeting both parents/caregivers and
HCPs and considering their needs and the context, may
improve antibiotic prescribing in children. Our findings
can inform the design and evaluation of future interven-
tions. More research is needed on contextual factors to
guide policymaking and clinical practice.
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