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TherapeuTic advances in 
infectious disease

Background
Antibiotics are the most prescribed medicines in 
children worldwide, especially in outpatient 
settings.1,2

In the United States, 41% of all outpatient pre-
scriptions were written by family practice doctors, 
paediatricians, and internal medicine physicians, 
as reported by Zetts et al. in their review. Of these, 
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Abstract
Background: Antibiotics remain the most prescribed medicine in children worldwide, but 
half of the prescriptions are unnecessary or inappropriate, leading to an increase in antibiotic 
resistance. This study aims to systemically review the effects of different Antimicrobial 
Stewardship Programmes (ASPs) on reducing the rates of both antibiotic prescriptions and 
changes in antimicrobial resistance, and on the economic impact in paediatric emergency 
departments (PED) and primary care settings.
Materials and methods: Embase, MEDLINE, and Cochrane Library were systematically searched, 
combining Medical Subject Heading and free-text terms for ‘children’ and ‘antimicrobial’ and 
‘stewardship’. The search strategy involved restrictions on dates (from 1 January 2007 to 30 
December 2020) but not on language. Randomized controlled trials, controlled and non-controlled 
before and after studies, controlled and non-controlled interrupted time series, and cohort studies 
were included for review. The review protocol was registered at the PROSPERO International 
Prospective Register of Systematic Reviews: Registration Number CRD42021270630.
Results: Of the 47,158 articles that remained after removing duplicates, 59 were eligible for 
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countries (51/59, 86.4%). Almost half of the studies described the implementation of an ASP in 
the primary care setting (28/59, 47.5%), while 15 manuscripts described the implementation 
of ASPs in EDs (15/59, 25.4%). More than half of the studies (43/59, 72.9%) described the 
implementation of multiple interventions, whereas few studies considered the implementation 
of a single intervention. Antibiotic prescriptions and compliance with guidelines were the most 
frequent outcomes (47/59, 79.7% and 20/59, 33.9%, respectively). Most of the articles reported 
an improvement in these outcomes after implementing an ASP. Meanwhile, only very few 
studies focused on health care costs (6/59, 10.2%) and antimicrobial resistance (3/59 5.1%).
Conclusion: The implementation of ASPs has been proven to be feasible and valuable, even in 
challenging settings such as Emergency Departments and Primary care.
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at least 30% were considered unnecessary, with 
the majority prescribed for patients with acute 
respiratory tract infections.3

Data from the United States reported that emer-
gency departments (EDs) receive around 30 mil-
lion paediatric visits annually, with about 7 million 
associated antibiotic prescriptions; half of these 
are unnecessary or inappropriate.4

A cross-sectional observational study in 28 
European EDs reported that 19–64% of children 
receive antibiotics inappropriately, especially 
broad-spectrum ones.5 Antibiotic overprescribing 
and misuse has led to an increase in antibiotic 
resistance rates. Indeed, although resistance can 
occur naturally, antibiotic overuse plays a key role 
in selecting multi-drug-resistant organisms.6

The concept of Antimicrobial Stewardship 
Programmes (ASPs) was formally introduced in 
2007 by the Infectious Disease Society of America 
(IDSA).7 ASP is defined as a set of coordinated 
interventions designed to improve antimicrobial 
use in selecting the appropriate agent, dose, route 
of administration, and therapy duration without 
compromising patient outcomes.

ASPs are mainly based on two core strategies: 
‘prospective audit and feedback’, which involves 
interaction and feedback between an infectious 
disease physician and the prescriber, and ‘formu-
lary restriction and preauthorization require-
ments’ for specific agents.

However, these standard stewardship approaches 
recommended for the hospital setting are chal-
lenging to implement in the ED or primary care 
settings.

Significant challenges for the implementation of 
ASP in primary care settings consist in a lack of 
funding resources to support a programme; iden-
tifying a clinical leader who has the time and 
interest to commit; engaging outpatient prescrib-
ers in a quality improvement initiative; obtaining 
data to identify high impact targets, tracking pro-
cess improvements; and sustaining these improve-
ments over time.8

Paediatric EDs (PEDs) are uniquely positioned at 
the interface of inpatient and outpatient settings 
and remain a hybrid in which elements of both 

inpatient and outpatient stewardships are gener-
ally merged. Indeed, PED physicians could influ-
ence prescribing trends in patients discharged to 
home and those admitted to the ward.

As reported by Mistry et al., reducing inappropri-
ate antibiotic use in PEDs is not easy because of 
unique operational, provider-level, and system-
level barriers native to paediatric, general, and 
community ED environments. Challenges in 
antibiotic prescribing in this setting include high 
patient and practitioner turnover rates and rapid 
decision-making. Furthermore, this makes the 
development of ASP interventions, like prospec-
tive audits and feedback or formulary restriction, 
quite difficult.9

However, APSs in the outpatient settings are 
clearly necessary. In 2019, a survey on National 
Paediatric Antibiotic Stewardship Programmes, 
Networks and Guidelines was conducted in 23 
European Countries. This survey reports a frag-
mented implementation of Paediatric Antibiotic 
Stewardship Programmes (PASPs) in Europe, a 
lack of established PASP competencies, an almost 
complete lack of national PASP networks, and an 
absence of dedicated funding to support the 
implementation of PASPs at a national level.10

Given the high rates of antimicrobial resistance 
documented in Europe, developing a robust and 
committed PASP strategy has become critical. In 
order to identify the best available strategies, we 
systematically reviewed published studies that 
evaluated the different types of ASPs by assessing 
their impact on three aspects:

 • The antibiotics prescription rate, especially 
of broad-spectrum antibiotics.

 • The antimicrobials resistance rate.
 • The health care costs in the PED and pri-

mary care settings.

Materials and methods

Search strategies and study design
This systematic review is based on the Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines.11 A system-
atic search was conducted in Embase, MEDLINE, 
and Cochrane Library database. The search strat-
egy combined Medical Subject Heading (MeSH) 
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and free-text terms for ‘children’ and ‘antimicro-
bial’ and ‘stewardship’. To identify all possible 
interventions recognized as stewardship, we 
expanded the search strategy to also include spe-
cific intervention MeSH terms.

The search strategy involved restrictions on dates 
(from 1 January 2007 to 30 December 2020) but 
not on language. Additional studies were identi-
fied through reference checking. The full search 
strategy is provided in the Supplementary 
Material.

The review protocol was registered at the 
PROSPERO International Prospective Register 
of Systematic Reviews: Registration Number 
CRD42021270630.

Inclusion and exclusion criteria
Studies were eligible for full-text review if they 
included patients younger than 18 years of age 
with suspected infections attending a PED or pri-
mary care where an ASP was implemented.

Randomized controlled trials (RCTs), controlled 
and uncontrolled before and after studies, inter-
rupted time series, and cohort studies were 
included for review.

Studies about children admitted to a paediatric 
hospital ward where an ASP was implemented 
were excluded.

Review articles, case series, notes and letters, con-
ference abstracts, opinion articles, and studies 
from which it was not possible to extract paediat-
ric data were also excluded. Studies published 
before 2007 were excluded because the concept 
of ASP was formally introduced that year. Studies 
about ASP on malaria, HIV, viral, and fungal 
treatment were also excluded.

Studies selection
Identified references were downloaded into 
Rayyan software for further assessment and han-
dling. In line with the PRISMA guidelines for 
systematic reviews, titles, and abstracts, identi-
fied through an electronic database, were inde-
pendently screened by two investigators (GB 
and SR), and any references which did not meet 

the inclusion criteria were excluded. For all 
remaining references, full-text copies were 
obtained and were examined in detail to deter-
mine whether they met all the inclusion criteria 
for the review. Discussion with a third reviewer 
(DD) resolved any disagreement regarding 
selection of studies.

Data collection
Data were extracted using a standardized data 
collection form which summarized information 
about the study characteristics (authors, year of 
publication, study design, study location, and 
country), the patient characteristics, the type of 
ASP, and the main results with accuracy meas-
ures (health outcomes – e.g. rate of prescription, 
days of therapy – and economic outcomes).

Studies were grouped by setting (PED and pri-
mary care) and intervention type.

Each country’s income level was defined accord-
ing to the World Bank List of economies pub-
lished in July 2021.12

Quality assessment (risk of bias)
The quality of each eligible study was evaluated 
depending on the study design. Clinical trials 
were assessed using the Revised Cochrane risk-
of-bias tool for randomized trials (RoB 2),13 while 
non-randomized studies were assessed using the 
Risk of Bias in Non-randomized studies – of 
Interventions (ROBINS-I) assessment tool.14 
The overall risk of bias judgements of each study 
did not affect the inclusion in this review. It was 
not possible to conduct a meta-analysis as the dis-
parity in types of interventions and study setting 
prevented the combining of data from different 
studies.

Results
After removing duplicates, a total of 47,158 arti-
cles remained for the screening. Of these, 59 were 
eligible for inclusion in this review. The selection 
process is summarized in Figure 1.

Authors, title, publication year, study design, 
country, study period, setting, type of ASP, and 
quality assessment are summarized in Table 1.

https://journals.sagepub.com/home/tai
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Figure 1. Flowchart of the study selection process (PRISMA).

Table 1. Characteristic of studies included in the review.

Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Aronson et al.15 2015 Association of Clinical 
Practice Guidelines with 
Emergency Department 
Management of Febrile 
Infants ⩽56 Days

OR, 
cross-
sectional

1 January 2013 
to 31 December 
2013

USA ED + • Local clinical practice 
guideline

Moderate

Hernani et al.16 2010 Evolution of the antibiotics 
prescription in a pediatric 
emergency service

BA January 2008 
December 2008 
and January 
2009

ESP ED • Educational talks Serious

Weddle et al.17 2013 Impact of an Educational 
Intervention to Improve 
Antibiotic Prescribing for 
Nurse Practitioners in a 
Pediatric Urgent Care Center

BA NA USA ED + • Educational sessions Serious

Baer et al.18 2013 Procalcitonin Guidance to 
Reduce Antibiotic Treatment 
of Lower Respiratory Tract 
Infection in Children and 
Adolescents (ProPAED): A 
Randomized Controlled Trial

RCT 1 January 2009 
to 28 February 
2010

CHE ED + • Laboratory PCT Low

(Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

van de Maat et al.19 2020 Evaluation of a clinical 
decision rule to guide 
antibiotic prescription in 
children with suspected lower 
respiratory tract infection in 
The Netherlands: A stepped-
wedge cluster randomised 
trial

Stepped-
wedge 
cluster 
RT

1 January 
2016 to 30 
September 
2018

NLD ED + • Validated clinical 
prediction model 
(Feverkidstool)

Some 
concerns

Angoulvant et al.20 2014 Impact of unlabeled French 
antibiotic guidelines on 
antibiotic prescriptions 
for acute respiratory tract 
infections in 7 Pediatric 
Emergency Departments, 
2009-2012

BA 1 November 
2009 to 31 
October 2011 1 
November 2011 
to 31 October 
2012

FRA ED + ••• Local protocols for 
antibiotic use with 
ARTI, implementation 
of guidelines with 
scientific discussion, 
teaching lessons 
twice per year, pocket 
guidelines

Serious

Angoulvant et al.21 2012 Impact of implementing 
French antibiotic guidelines 
for acute respiratory-tract 
infections in a paediatric 
emergency department, 
2005-2009

BA November 1, 
2005 to October 
31, 2006 
November 1, 
2006 to October 
31, 2009

FRA ED •• Local guideline 
based on French 
guidelines on antibiotic 
prescriptions for ARTI; 
teaching sessions 
twice a year; pocket 
cards

Serious

Crook et al.22 2020 Impact of clinical guidance 
and rapid molecular pathogen 
detection on evaluation 
and outcomes of febrile or 
hypothermic infants

BA January 2011 
to December 
2014, January 
2015 to April 
2018, May 2018 
to June 2019

USA ED •• Clinical guideline 
during period 2 
associated with Rapid 
testing during period 3

Moderate

Cunney et al.23 2019 ‘Start smart’: using front-line 
ownership to improve the 
quality of empiric antibiotic 
prescribing in a paediatric 
hospital

OP December 2014 
to December 
2017

IRA ED ••• Plan, Do, Study, Act 
Weekly audit with 
feedback Front-line 
ownership Spot quiz 
App and laminated 
card Poster

No 
information

Dona et al.24 2018 The Impact of Clinical 
Pathways on Antibiotic 
Prescribing for Acute Otitis 
Media and Pharyngitis in the 
Emergency Department

BA 15 October 
2014 to 15 
April 2015, 15 
October 2015 to 
15 April 2016

ITA ED •• CPs were delivered 
as laminated 
pocket cards and 3 
educational lectures 
were presented 
to physicians and 
residents on how to 
implement these tools 
in practice

Moderate

Geurts et al.25 2014 Impact analysis of an 
evidence-based guideline 
on diagnosis of urinary tract 
infection in infants and young 
children with unexplained 
fever

BA January 2008 to 
January 2009, 
April 2010 to 
April 2011

NLD ED •• implementation of 
guideline several 
group lectures 
in medical staff 
meetings, laminated 
pamphlets of the 
guideline were 
available at the ED 
written instructions 
were sent three times 
to all health care 
professionals working 
at the ED

Moderate

Malmgren et al.26 2019 Education, decision support, 
feedback and a minor 
reward: a novel antimicrobial 
Stewardship intervention 
in a Swedish paediatric 
emergency setting

BA October 2015 to 
January 2017, 
February 2017 
to January 2018

SWE ED •• Education, decision 
support, email-
based feedback and 
a physician-directed 
reward

Moderate

(Continued)

Table 1. (Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Mercurio et al.27 2020 Clinical Practice Guideline 
Reduces Evaluation and 
Treatment for Febrile Infants 
0 to 56 Days of Age

BA 1 April 2015 to 
1 April 2016, 1 
April 2017 to 1 
April 2018

USA ED •• Education, training, 
and adoption of clinical 
practice guideline

Moderate

Powell et al.28 2015 Appropriate Use of 
Vancomycin in a Pediatric 
Emergency Department 
Through the Use of a 
Standardized Electronic 
Guideline

BA January 2009 to 
May 2012

USA ED ••• Implementation 
of a standardized 
treatment guideline +  
antibiotic order 
template +  
individual chart audits

Serious

Walters et al.29 2019 An Ambulatory Antimicrobial 
Stewardship Initiative to 
Improve Diagnosis and 
Treatment of Urinary Tract 
Infections in Children

BA January 2017 
to December 
2018

USA ED ••• PDSA (multiple Plan-
Do-Study-Act) cycles

Serious

McDaniel et al.30 2018 A Multisite Intervention 
for Pediatric Community-
acquired Pneumonia in 
Community Settings

BA January 2015 
to December 
2015, March 
2016 to 
February 2017

USA ED +  
inpatient

+ •• Implementation of the 
CAP pathway occurred 
between January and 
February2016: (1) 
in-person presentation 
and distribution of 
electronic copies, (2) 
display of the printed 
pathways in provider 
work areas, (3) an 
in-person presentation 
of the pathway to 
community hospital 
paediatric hospitalists 
at site-specific 
staff meetings. An 
additional educational 
session was conducted 
with both EM providers 
and paediatric 
hospitalists at all three 
sites at the beginning 
of respiratory season 
in October 2016.

Moderate

Ambroggio et al.31 2013 Quality Improvement Methods 
Increase Appropriate 
Antibiotic Prescribing for 
Childhood Pneumonia

BA May 2011 to 
July 2012

USA ED +  
inpatient

••• Multiple plan-to-
study-act: (1) guideline 
seminar, grand 
rounds, antibiotic 
recommendations 
in the medical staff 
update, (2) charge 
nurse flag cards, 
(3) index card with 
appropriate first-line 
antibiotic information 
for ED physicians and 
inpatient residents 
and resident report, 
(4) H&P template and 
order set in EMR and 
link to PIDS/IDSA 
guideline

Serious

Dona et al.32 2018 Effects of clinical pathway 
implementation on antibiotic 
prescriptions for pediatric 
community-acquired 
pneumonia

BA October 2014 
to April 2015, 
October 2015 to 
April 2016

ITA ED +  
inpatient

•• Clinical pathway for 
CAP and educational 
sessions

Moderate

Table 1. (Continued)

(Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Rutman et al.33 2017 A Comprehensive Approach 
to Pediatric Pneumonia: 
Relationship Between 
Standardization, Antimicrobial 
Stewardship, Clinical Testing, 
and Cost

BA 1 August 2011 
to 31 August 
2013

USA ED +  
inpatient

• Clinical pathway for 
CAP

Moderate

Yeo et al.34 2020 Knowledge translation in 
Western Australia tertiary 
paediatric emergency 
department: An audit cycle 
of effectiveness of guideline 
dissemination on bronchiolitis 
management

BA 1 July to 31 
August 2015, 
1 July to 31 
August 2017

AUS ED +  
inpatient

•• Update local 
bronchiolitis guideline, 
education, and email

Serious

Doyon et al.35 2009 Quantitative evaluation of a 
clinical intervention aimed 
at changing prescriber 
behaviour in response to new 
guidelines

BA October 2004 
to March 2005, 
October 2005 
to 14 January 
2006, 15 
January 2006 to 
March 2006

CAN ED +  
inpatient

• Consultation by 
email, small group 
educational sessions, 
implementation of 
guideline, pre-printed 
prescription sheet, 
educational session

Moderate

Poole et al.36 2020 Improving Antibiotic 
Prescribing for Children With 
Urinary Tract Infection in 
Emergency and Urgent Care 
Settings

BA 1 January 2009 
to 31 May 2010, 
1 June 2010 to 
31 December 
2014

USA ED +  
primary 
care

+ •• Clinical pathway for 
uncomplicated UTI. 
The pathway was 
implemented through 
the introduction of 
a decision-making 
algorithm and an 
electronic order set 
in June 2010 and 
again in December 
2011. Information on 
the pathway was also 
included in a newsletter 
distributed to providers 
at the start of the 
intervention. Reminders 
to utilize the pathway 
were provided quarterly 
via electronic mail

Moderate

Shaw et al.37 2020 Improving antibiotic 
prescribing in the 
emergency department for 
uncomplicated community-
acquired pneumonia

BA 1 January 2015 
to December 
2015, 
December 
2015 to 28 
February 2017 
implementation 
in December

USA ED +  
primary 
care

+ • New clinical practice 
guideline (CPG) 
was implemented 
and knowledge of 
implementation was 
disseminated via email

Moderate

Aoybamroong 
et al.38

2019 Impact of an Antibiotic 
Stewardship Program on 
Antibiotic Prescription for 
Acute Respiratory Tract 
Infections in Children: A 
Prospective Before-After 
Study

BA 1 May 2016 
to 31 October 
2016, 1 May 
2017 to 31 
October 2017

THA ED +  
primary 
care

•• Education for 
paediatric faculty staff, 
residents, and fellows 
via providing guidelines 
of antibiotic smart 
use in respiratory 
tract infections; the 
guidelines were sent to 
all relevant physicians 
via email or LINE 
instant messaging 
every 2 months. 
Poster displaying 
the guidelines were 
posted in every 
examination room 
and active monitoring 
was conducted by 
informing physicians 
of the antibiotic use 
rate every 2 months via 
email or line

Moderate

(Continued)

Table 1. (Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Di Pietro et al.39 2017 Monitoring adherence to 
guidelines of antibiotic use 
in pediatric pneumonia: the 
MAREA study

BA February 2013 
to December 
2013 February 
2014 to 
December 2014

ITA ED +  
primary 
care

+ • 1-day educational 
intervention and 
concise written 
materials

Moderate

Llamas del 
Castillo et al.40

2010 Strategy for improving the use 
of antibiotics in paediatrics

BA January 2008 
to April 2008, 
January 2009 to 
April 2009

ESP ED +  
primary 
care

•• Guide on empirical 
antibiotic therapy 
was distributed to all 
paediatricians and 
emergency services 
along with training 
sessions

No 
information

March-Lopez 
et al.41

2020 Impact of a Multifaceted 
Antimicrobial Stewardship 
Intervention in a Primary 
Health Care Area: A Quasi-
Experimental Study

BA January to 
December 
2016, January 
to December 
2017, January 
to December 
2018

ESP ED +  
primary 
care

+ •••• Face-to-face sessions 
(education) and poster 
Point of care test for 
GAS pharyngitis every 
3 months, updated 
report containing 
qualitative and 
quantitative indicators 
on antibiotics 
consumption. Set of 
local guidelines on 
antibiotic usage and 
preferred regimens for 
adult and paediatric 
patients, interactive 
workshop, workshop 
material by email

Moderate

Saha et al.42 2017 Urine Culture Follow-up and 
Antimicrobial Stewardship 
in a Pediatric Urgent Care 
Network

BA July 2013 to 
December 2015

USA ED +  
primary 
care

+ • Standard protocol for 
urine culture follow-up 
and discontinuation 
of unnecessary 
antibiotics

Serious

Gagliotti et al.43 2015 A regionwide intervention 
to promote appropriate 
antibiotic use in children 
reversed trends in 
erythromycin resistance to 
Streptococcus pyogenes

BA 2007 to 2013 ITA Primary 
care

+ • Guideline for the 
management of acute 
pharyngitis

No 
information

Trinh et al.44 2020 Association between National 
Treatment Guidelines for 
Upper Respiratory Tract 
Infections and Outpatient 
Pediatric Antibiotic Use 
in France: An Interrupted 
Time–Series Analysis

ITS January 2009 
to December 
2017

FRA Primary 
care

+ • Update clinical 
practice guidelines 
for managing upper 
respiratory tract 
infections (announced 
on websites and 
communicated 
through several oral 
presentations during 
conferences and 
workshops both before 
and after its official 
release)

Moderate

Lemiengre et al.45 2018 Point-of-care CRP matters: 
normal CRP levels reduce 
immediate antibiotic 
prescribing for acutely ill 
children in primary care: a 
cluster randomized controlled 
trial

RCT 
cluster

15 February 
2013 to 28 
February 2014

BEL Primary 
care

• Point of care (POC) 
C-reactive protein 
(CRP) test

Some 
concerns

Torres et al.46 2014 Impact Assessment of a 
Decision Rule for Using 
Antibiotics in Pneumonia: A 
Randomized Trial

RCT April 2010 to 
March 2011

ARG Primary 
care

• Prediction rule 
bacterial pneumonia 
score

Some 
concerns

Table 1. (Continued)

(Continued)
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Chowdhury et al.47 2018 Effectiveness of an 
educational intervention to 
improve antibiotic dispensing 
practices for acute respiratory 
illness among drug sellers in 
pharmacies, a pilot study in 
Bangladesh

BA June 2012 to 
December 2013

BGD Primary 
care

+ •• Educational 
intervention to drug 
sellers, laminated 
poster with ARI 
management 
algorithm to hang in 
pharmacies

Serious

Bourgeois et al.48 2010 Impact of a Computerized 
Template on Antibiotic 
Prescribing for Acute 
Respiratory Infections in 
Children and Adolescents

RT October 2006 to 
April 2007

USA Primary 
care

+ • Acute respiratory 
interactive template 
(ARI-IT) within an 
electronic health 
record (EHR) to 
manage paediatric 
ARIs

High risk

Hersh et al.49 2018 Impact of Antimicrobial 
Stewardship for Pediatric 
Outpatient Parenteral 
Antibiotic Therapy

BA May 2013 to 
April 2014, May 
2014 to May 
2015

USA Primary 
care

• (1) stewardship 
team review/
recommendations 
included input 
regarding discharge 
with OPAT 
prescription, (2) the 
peripherally inserted 
central catheter team 
paged the stewardship 
team before line 
placement if the 
designated purpose 
was OPAT, (3) care 
coordinators paged 
the stewardship team 
when arranging home 
care for OPAT, (4) 
discharge planning 
software was modified 
to generate an 
electronic alert via 
text message to the 
stewardship team 
when discharge 
medications included 
OPAT

No 
information

Noorani et al.50 2011 Use of a pneumonia 
management tool to manage 
children with pneumonia at 
the first level health care 
facilities

OP October 2000 to 
April 2001

PAK Primary 
care

+ •• Application of ARI SCM 
guidelines at the FLHC 
facilities by using a 
simplified Pneumonia 
Management Tool 
(PMT); monthly 
meetings were held 
at the district level 
with health workers, 
supervisors and 
paediatricians to 
interact and share 
learning, experiences 
and qualitative 
information

Serious

Al-Tawfiq et al.51 2017 A multifaceted approach 
to decrease inappropriate 
antibiotic use in a pediatric 
outpatient clinic

OP December 2012 
to December 
2013

SAU Primary 
care

•• Educational grand 
round, academic 
detailing and 
prospective audit and 
feedback and peer 
comparison

Serious

(Continued)

Table 1. (Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Clegg et al.52 2019 Impact of Education and Peer 
Comparison on Antibiotic 
Prescribing for Pediatric 
Respiratory Tract Infections

BA January to June 
2014, July 2014 
to December 
2017

USA Primary 
care

+ •••• Educational materials, 
clinical guidelines in 
June 2014. For the 
collaborative clinics, 
a 1-h, in-person 
educational visit was 
held with each clinic’s 
lead clinician and 
clinic administrator 
to discuss the clinical 
guidelines, measure 
definitions, baseline 
performance scores 
and improvement 
methods in September 
2014. Performance 
feedback since 
September 2014. 
Non-productive 
compensation, 
tip sheet emailed 
monthly for all clinics 
with clinic-specific 
feedback

Moderate

Di Mario et al.53 2018 Observational pre–post 
study showed that a quality 
improvement project 
reduced paediatric antibiotic 
prescribing rates in primary 
care

BA 2005 to 2007, 
2007 to 2016

ITA Primary 
care

+ •••• Developing guidelines 
and updates, 
disseminating 
evidence, audits, 
and feedback, 
public information 
campaigns, engaging 
health managers, 
and performance 
incentives

No 
information

Diaz et al.54 2020 Impact of a Personalized 
Audit and Feedback 
Intervention on Antibiotic 
Prescribing Practices 
for Outpatient Pediatric 
Community-Acquired 
Pneumonia

RCT August 2016 to 
February 2017

USA Primary 
care

+ •• Educational webinar 
personalized audit and 
feedback monthly only 
for intervention group

High risk

Fernandez et al.55 2019 An initiative to reduce the use 
of unnecessary medication in 
infants with bronchiolitis in 
primary care

BA 1 October 2015 
to 31 March 
2016, 1 October 
2016 to 31 
March 2017

ESP Primary 
care

+ •• Distribution through 
the mail system of the 
protocol recommended 
for management 
of bronchiolitis, 
distribution in poster 
format through all 
the clinics, interactive 
informational sessions

Serious

Fiks et al.56 2015 Adoption of Electronic 
Medical Record-Based 
Decision Support for Otitis 
Media in Children

RCT February 2009 
to August 2010

USA Primary 
care

+ •• CDS and performance 
feedback

High risk

Finkelstein et al.57 2008 Impact of a 16-Community 
Trial to Promote 
Judicious Antibiotic Use in 
Massachusetts

RCT 1 September 
2009 to 31 
March 2004

USA Primary 
care

+ •••• Guideline 
dissemination, small 
group education, 
frequent updates, and 
educational materials 
and prescribing 
feedback; parents 
received educational 
materials by mail 
and in primary-care 
practices, pharmacies, 
and child care settings

Some 
concerns

Table 1. (Continued)
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Author Publication 
year

Title Study 
design

Study period Country Setting MC Type of ASP Quality 
assessment

Forrest et al.58 2013 Improving Adherence to 
Otitis Media Guidelines With 
Clinical Decision Support and 
Physician Feedback

RCT December 2007 
to September 
2010

USA Primary 
care

+ •• CDS and performance 
feedback

Some 
concerns

Francis et al.59 2009 Effect of using an interactive 
booklet about childhood 
respiratory tract infections in 
primary care consultations 
on reconsulting and antibiotic 
prescribing: a cluster 
randomised controlled trial

RCT October 2006 to 
April 2008

GBR Primary 
care

+ •••• Booklet for clinician 
and parents

Some 
concerns

Gerber et al.60 2013 Effect of an Outpatient 
Antimicrobial Stewardship 
Intervention on Broad-
Spectrum Antibiotic 
Prescribing by Primary Care 
Pediatricians A randomized 
trial

RCT October 2008 to 
June 2011

USA Primary 
care

+ •• One 1-h on-site 
clinician education 
session followed by 1 
year of personalized, 
quarterly audit 
and feedback of 
prescribing for 
bacterial and viral 
ARTIs or usual practice

High risk

Gulliford et al.61 2019 Effectiveness and safety 
of electronically delivered 
prescribing feedback and 
decision support on antibiotic 
use for respiratory illness 
in primary care: REDUCE 
cluster randomised trial

RCT 11 November 
2015 to 9 
August 2016 
follow-up on 9 
August 2017

GBR Primary 
care

+ •• AMS intervention 
comprised a brief 
training webinar, 
automated monthly 
feedback of antibiotic 
prescribing and 
electronic decision 
support tools to 
inform appropriate 
prescribing over 
12 months.

Some 
concerns

Hurlimann et al.62 2015 Improvement of antibiotic 
prescription in outpatient 
care: a cluster-randomized 
intervention study using a 
sentinel surveillance network 
of physicians

RCT 1 January 2011 
to 31 December 
2012

CHE Primary 
care

+ •• Providing guidelines 
on treatment of RTIs 
and UTIs coupled with 
sustained regular 
feedback on individual 
antibiotic prescription 
behaviour during 
2 years

Some 
concerns

Huynh et al.63 2019 Impact of expanding a 
paediatric OPAT programme 
with an antimicrobial 
stewardship intervention

OP (pro-
spective 
longi-
tudinal 
study)

1 August 2021 
to 31 July 2013, 
1 August 2013 
to 31 July 2014

AUS Primary 
care

•• OPAT-specific 
guidelines Active 
review of OPAT 
prescription and input 
by paediatric infectious 
diseases

Moderate

Jindrák et al.64 2008 Improvements in antibiotic 
prescribing by community 
paediatricians in the Czech 
republic

BA 1998 to 2003 CZE Primary 
care

+ •• Feedback based on the 
results of the repeats 
surveys. Dissemination 
of printed survey 
results to individual 
doctors. Final 
conference and local 
seminars

No 
information

Mainous et al.65 2013 Impact of a clinical decision 
support system on antibiotic 
prescribing for acute 
respiratory infections 
in primary care: quasi-
experimental trial

BA October 2009 
to December 
2009, January 
2010 to March 
2011

USA Primary 
care

+ •• Quarterly HER-based 
audit and feedback, 
“best practice” 
dissemination during 
meetings of practice 
representatives and 
practice site visits for 
academic detailing, 
performance review 
and CDSS training

No 
information

Table 1. (Continued)
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Norton et al.66 2018 Improving Guideline-
Based Streptococcal 
Pharyngitis Testing: A Quality 
Improvement Initiative

BA October 2013 
to September 
2014, 1 October 
2014 to 31 
October 2016

USA Primary 
care

••• Face-to-face meeting, 
Provider education, 
modification of existing 
office procedure, 
email update, 
communication 
strategies, and patient 
and family education

Serious

Osterholt et al.67 2009 Improving pneumonia 
case-management in Benin: 
a randomized trial of a 
multi-faceted intervention 
to support health worker 
adherence to Integrated 
Management of Childhood 
Illness guidelines

RCT 1999, 2001, 
2002, 2004

BEN Primary 
care

+ ••• Training plus either 
study supports (job 
aids, non-financial 
incentives, and 
supervision of workers 
and supervisors) or 
“usual” supports

High risk

Papaevangelou 
et al.68

2012 Decrease of Antibiotic 
Consumption in Children 
with Upper Respiratory 
Tract Infections after 
Implementation of an 
Intervention Program in 
Cyprus

BA November 2005 
to March 2006, 
November 2007 
to March 2008

CYP Primary 
care

+ •• 1 day workshop on 
antibiotic misuse in 
children with URTIs, 
lectures on antibiotics 
use and therapeutic 
algorithms To educate 
parents: invitations 
to participate in 
educational lectures, 
instructive pamphlets 
at paediatric offices 
and emergency rooms, 
educational video in 
waiting rooms and a 
30-min discussion was 
broadcasted through 
the radio and an article 
was published in the 
local newspaper

No 
information

Regev-Yochay 
et al.69

2011 Reduction in Antibiotic 
Use Following a Cluster 
Randomized Controlled 
Multifaceted Intervention: The 
Israeli Judicious Antibiotic 
Prescription Study

RCT April 2000 to 
March 2006

ISR Primary 
care

+ ••• Physicians focus group 
meetings, workshops, 
seminars, practice 
campaigns, evidence-
based guidelines, 
pamphlets, posters, 
colouring booklets

Some 
concerns

Stille et al.70 2008 Physician Responses to 
a Community-Level Trial 
Promoting Judicious 
Antibiotic Use

RCT 2000 to 2004 USA Primary 
care

+ ••• Locally endorsed 
guidelines, group 
educational sessions 
and biweekly 
newsletters

Some 
concerns

Wei et al.71 2017 Effect of a training and 
educational intervention for 
physicians and caregivers 
on antibiotic prescribing 
for upper respiratory tract 
infections in children at 
primary care

RCT July 2015 to 
March 2016

CHN Primary  
care +  
inpatient

+ •••• Evidence-based 
prescribing guideline, 
training, and monthly 
prescribing peer-
review meetings 
for doctors, brief 
educational for 
caregiver during 
consultations and an 
educational waiting 
room video for 
caregivers

Some 
concerns

Table 1. (Continued)
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Wei et al.72 2019 Long-term outcomes of an 
educational intervention to 
reduce antibiotic prescribing 
for childhood upper 
respiratory tract infections 
in rural China: Follow-up 
of a cluster-randomised 
controlled trial

RCT July 2015 to 
March 2016, 
January 2016 to 
March 2017

CHN Primary  
care +  
inpatient

+ •••• Evidence-based 
prescribing guideline, 
training and monthly 
prescribing peer-review 
meetings for doctors, 
brief educational 
for caregiver during 
consultations and an 
educational waiting 
room video for 
caregivers only for the 
first 6 months

Some 
concerns

Zhang et al.73 2018 Cost-effectiveness analysis 
of a multi-dimensional 
intervention to reduce 
inappropriate antibiotic 
prescribing for children 
with upper respiratory tract 
infections in China

RCT July 2015 to 
March 2016

CHN Primary  
care +  
inpatient

+ •••• Concise evidence-based 
clinical guidelines on 
URTI management, 
monthly peer-review 
meetings assessing 
providers’ antibiotic 
prescription rates. 
Patients and caregivers 
received information on 
appropriate antibiotic 
use, both verbally and 
via an educational 
leaflet. A video with 
key messages on 
appropriate use of 
antibiotics was played 
daily in the waiting 
rooms and public 
areas of the town-ship 
hospital

Some 
concerns

ASP, Antimicrobial Stewardship Programme; AMS, Antimicrobial Stewardship Programme; CAP, community-acquired pneumonia; CDS, clinical decision support; CG, clinical guideline; ED, 
emergency department; Edu, Education; EMR, Electronic Medical Record; FLHC, First level health care; GAS, Group A Streptococcal; IDSA, Infectious Disease Society of America; ITS, Interrupted 
Time Series; MC, multicenter; OP, observational Prospective; OPAT, Outpatient Parenteral Antibiotic Therapy; PCT, Procalcitonin; PDSA, Plan-Do-Study-Act; PIDS, Paediatric Infectious Diseases 
Society; RCT, randomized controlled trial; RT, Randomized Trial; SCM, Standard Care Management; UTI, urinary tract infection; URTI, upper respiratory tract infections.
Intervention legend: • = Guidelines, •=Audit and feedback, • = Physicians education, • = Parents education, • = Pre-authorization, • = CDS tool, • = CP, • = Other ASP intervention

Table 1. (Continued)

Most of these studies (51/59, 86.4%) were con-
ducted in high-income countries. Twenty-three 
articles (39.0%) described ASPs implemented in 
Europe (5 in Italy,24,32,39,43,53 4 in Spain,16,40,41,55 3 
in France,20,21,44 2 in the Netherlands,19,25 United 
Kingdom,59,61 and Switzerland18,62 respectively, 
one each in Sweden,26 Belgium,45 Cyprus,68 
Ireland23 and the Czech Republic64); 24 studies 
were set in North America (40.7%, 23 in the 
United States,15,17,22,27–31,33,36,37,42,48,49,52,54,56–58, 

60,65,66,70 1 in Canada,35 8 studies (13.6%) were 
set in Asia [3 in China,71–73 1 in Saudi Arabia,51 1 
in Israel,69 1 in Pakistan,50 1 in Thailand,38 1 in 
Bangladesh47), and two studies (3.4%) in 
Australia.34,63 Only one study was conducted in 
South America (Argentina46) and one in Africa 
(Benin67). Figure 2 shows the geographical distri-
bution of articles.

Thirty-seven studies were published between 
2015 and 2020 [37/59, 62.7%;15,19,22–24,26–30, 

32–34,36–39,41–45,47,49,51–56,61–63,66,71–73 15/37 (40.5%) 
from the United States, 14/37 (37.8%) from 
Europe, 6/37 (16.2%) from Asia, 2/37 (5.4%) 
from Australia], four times more than during the 
2007–2010 period [9/59, 15.2% in total,16,35,40,48,

57,59,64,67,70 4/9 (44.4%) from Europe, 3 (33.3%) 
from United States, 1 (11.1%) from Canada, 1 
(11.1%) from Benin].

Thirty-six (36/59, 61.0%) were multicentre stud-
ies: 15/36 (41.7%) were set in North America, 
15,17,30,36,37,42,48,52,54,56–58,60,65,70 14/36 (38.9%) in 
Europe,9,18–20,41,43,44,53,55,59,61,62,64,68 6/36 in Asia 
(16.6%)47,50,69,71–73 and 1/6 (2.8%) in Africa.67

More than a half of the studies were before-and-
after studies (34/59, 57.6%),16,17,20–22,24–43,47,49, 

52,53,55,64–66,68 and more than a quarter of the total 
studies were randomized control studies (19/59, 
32.2%).18,19,45,46,48,54,58–62,67,69–73 The remaining 
were se studies [4 observational prospective  
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studies (6.8%),23,50,51,63 as well as 1 retrospective 
study (1.7%),15 and 1 was an interrupted time 
series study (1.7%)44].

ASPs setting and type of intervention
More than half of the studies (43/59, 72.9%) 
described the implementation of multiple inter-
ventions, like clinical pathways or clinical guide-
lines, combined with education or rapid test, or a 
combination of prescribers’ or parents’ education, 
clinical guideline, or clinical pathways, audit, and 
rapid test [Figure 3(a)].20–32,34,36,38,40,41,47,50–73

More than half of the studies included in this 
review (38/59, 64.4%) regarded the implementa-
tion of multiple interventions for managing res-
piratory tract infections, both upper and 
lower . 18–21,24 ,26 ,30–35,37–39,43 ,44 ,46–48,50–52,54–

56,58,59,61,62,65–68,70–73 Of these, eleven articles 
regarded the implementation of intervention for 
community-acquired pneumonia (CAP),30–

33,35,37,39,46,50,54,67 two for acute otitis media 
(AOM),56,58 two for pharyngitis,43,66 two for both 
AOM and pharyngitis,24,26 and two for bronchi-
olitis. The other articles considered, in general, 

upper and lower respiratory tract infections. Ten 
studies (10/59, 17.0%) regarded the implementa-
tion of interventions for the management of chil-
dren with fever both in ED or primary care,16,23,40

,41,53,57,60,64,69,74 while three articles (3/59, 5.1%) 
considered specific interventions for febrile 
infants with less than 56 days of age.15,22,27 Four 
studies (4/59, 6.8%) considered the implementa-
tion of intervention for the management of uri-
nary tract infection (UTI),25,29,36,42 and two 
articles are about parenteral antibiotic therapy in 
outpatients.49,63 One article considered the imple-
mentation of educational interventions for both 
UTIs, skin and soft-tissue infections, and upper 
and lower respiratory tract infections.17 All the 
specific syndromes targeted by each intervention 
are specified in the table in the Supplementary 
material.

Almost half of the studies described the imple-
mentation of an ASP in the primary care setting 
(28/59, 47.5%) [Figure 3(b)]. Ten of these stud-
ies were conducted in Europe (10/28, 35.7%),43–45, 

53,55,59,61,62,64,68 11 in the United States (11/28, 
39.2%),48,49,52,54,56–58,60,65,66,70 and the remaining 
seven studies in South America (1/28, 3.6%),46 

Figure 2. Geographical distribution of articles included in this review.
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Australia (1/28, 3.6%),63 Africa (1/28, 3.6%),67 
and Asia (4/28, 14.3%).47,50,51,69 Most of the ASP 
implemented were multiple interventions (22/28, 
78.6%).47,50–67,69,70,74 Single interventions were 
constituted by the implementation of clinical 
practice guidelines (2/28, 7.1%),43,44 audit (1/28, 
3.6%),49 clinical decision support (CDS; 1/28, 
3.6%)48 and other ASP (2/28, 7.1%, rapid 
C-reactive protein test and prediction rule for 
bacteria pneumonia).45,46

Fifteen manuscripts described the implementa-
tion of ASPs in ED (15/59, 25.4%) and were con-
ducted in the United States (6/15, 
40.0%)15,17,22,27–29 and Europe (9/15, 60.0%).16,18–

21,23–26 Among these, 10 were focused on multiple 
interventions like clinical practice guidelines or 
clinical pathways combined with education 
(10/15, 66.7%).20–29 Single interventions imple-
mented were educational interventions (2/15, 
13.3%),16,17 other types of ASP (2/15, 13.3%, 
rapid procalcitonin and validated clinical predic-
tion model for pneumonia),18,19 and clinical prac-
tice guidelines (1/15, 6.7%).15

The remaining 16 studies were conducted in mul-
tiple settings simultaneously (16/59, 27.1%), 7 
both in the ED and primary care setting (7/16, 
43.8%),36–42 6 both in the ED and inpatient setting 
(37.5%),30–32,34,35,75 and 3 both in primary care and 
inpatient settings (18.8%).71–73 Eleven of these 
studies described the implementation of multiple 
interventions like clinical pathways or clinical prac-
tice guidelines combined with education and some-
times audit (11/16, 68.8%).30–32,34,36,38,40,41,71–73 
Single interventions implemented were clinical 

practice guidelines (3/16, 18.8%),35,37,42 educa-
tional sessions [1/16, 6.3%39], and clinical path-
ways [1/16, 6.3%33].

ASPs outcomes and types of intervention
The different outcomes considered in this review 
are reported in Figure 4, stratified by the success-
ful or unsuccessful intervention [Figure 4(a)] as 
reported in each article and by the country’s 
income level [Figure 4(b)].

Forty-seven studies reported changes in antibiotic 
prescriptions rate (47/59, 79.7%) as their main 
outcome. These studies were mainly conducted 
in Europe (20/47, 42.6%)16,18–21,24,26,32,39–41,43–45, 

53,55,59,61,62,68 and North America [19/47, 40.4%, 
18 in the United States,15,17,22,27–31,33,36,37, 

42,48,49,57,60,65,70 1 in Canada35]. Of the eight 
remaining studies, six were conducted in Asia 
(12.8%),38,47,51,69,71,72 one in Australia (2.1%)34 
and one in South America (Argentina, 2.1%).46 
Thirty-one of these (31/47, 66.0%)20–22,24,26–

32,34,36,38,40,41,47,51,53,55,57,59–62,65,68–72 were studies 
focused on multiple interventions, above all on 
the implementation of clinical practice guidelines 
or clinical pathways combined with educational 
talks and sometimes audit. The remaining 16 
studies (16/47, 34.0%) focused on the implemen-
tation of a single intervention (which differed as 
follows: six articles on clinical guide-
lines,15,35,37,42–44 three on educational ses-
sions,16,17,39 one on audits,49 one on clinical 
pathways,33 one on CDS tools,48 and four on 
other types of ASP, like clinical prediction models 
or rapid tests).18,19,45,46

Figure 3. (a) Different type of ASP implemented as single intervention and multiple intervention and (b) 
number of studies for each different settings.
ASP, Antibiotic Stewardship Programme; CDS, clinical decision support; CP, clinical pathway; ED, emergency department.
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Forty articles (40/47, 85.1%)15–17,20–22,24,26,27,29–

33,35,36,38–49,51,53,55,57,59,60,65,68–72 described a statisti-
cally significant reduction of inappropriate 
prescribing that could regard both the unneces-
sary administration of antibiotics and the selec-
tion of the narrow-spectrum instead of the 
broad-spectrum ones. Regarding the prescription 
of broad-spectrum antibiotics, only 14 studies 
reported the variation in total antibiotics prescrip-
tion rates and the difference between narrow-
spectrum and broad-spectrum, usually identified 
as the second- and third-generation cephalospor-
ins and macrolides.20,21,24,32,36,39,40,44,48,53,60,65,69,72 
Of these 14 studies, 13 reported a significant 
reduction in prescribing these antibiotics after the 
different interventions were analysed.20,24,32, 

36,39,40,44,48,53,60,65,69,72 The remaining seven arti-
cles did not show any statistically significant 
change in antibiotic prescribing after implement-
ing an ASP.18,19,28,34,37,61,62

Twenty articles (20/59, 33.9%) considered the 
main outcome of compliance to clinical guide-
lines or clinical pathways. More than half of these 
studies are conducted in North America [11/20, 
55.0%, 10 in the United States,27,29,30,37,52,54,56,58,60,66 
1 in Canada35], 5 in Europe (5/20, 25%),23,25,26,40,41 
and the remaining four in Asia (2/20, 10%),38,50 
Africa (1/20, 5%),67 and Australia (1/20, 5%).63 
Of these studies, 18 articles described increased 
compliance among prescribers (18/20, 90%).23,25–

27,29,30,35,38,40,41,50,52,54,56,58,60,63,67 Most of these 
studies (18/20, 90.0%) focused on implementing 
clinical practice guidelines or clinical pathways 
alone or in combination with educational sessions 

or audit and feedback.23,25–27,29,30,38,40,41,50,52, 

54,56,58,60,63,66,67 Some of these studies have also 
evaluated the sustainability of these interventions 
over time. Two of these studies reported using 
CDS tools in combination with audit and 
feedback.

Only six of the included studies (6/59, 10.2%) 
described the change in health care cost associated 
with the intervention; three were conducted in the 
United States (3/6, 50.0%),15,30,33 two in Europe 
(2/6, 33.3%),23,24 and 1 in Asia (1/6, 16.7%).73 
Three [3/6, 50.0%, 1 in the United States30 and 
two in Europe23,24] reported a statistically signifi-
cant reduction in health care costs, mainly due to 
the reduction in prescription, above all in broad-
spectrum antibiotics. Half of these papers (3/6, 
50.0%24,33) were focused on implementing clinical 
pathways alone or in combination with educa-
tional sessions, one on implementing a clinical 
practice guideline,15 and the remaining two stud-
ies on the implementation of multiple interven-
tions.23,73 Five of these studies (5/6, 83.3%) were 
set in ED (three only in ED,15,23,24 2 both in ED 
and inpatient settings30,33).

Only three articles described the change in drug 
resistance (3/59 5.1%, 1 in the United States,36 
and 2 in Europe43,64). Two out of three articles 
reported a reduction in erythromycin resistance 
after the fall of the use of macrolides.43,64

All the details regarding study outcomes are 
reported in Table S1 in the Supplementary 
material.

Figure 4. Different type of outcomes stratified by (a) the successful or unsuccessful of the intervention and (b) 
by the country’s income level.
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Risk of bias assessment for Randomized 
Controlled Trial
The risk of bias assessment for RCT is summa-
rized in Figure 5(a). Selection, detection, perfor-
mance, attrition, and other bias have been 
assessed for all the studies. The assessment of 
each specific bias is reported in Table 2 in the 
Supplementary Material. Most of them (13/19) 
presented some concerns as overall judge-
ments.19,45,46,57–59,61,62,67,69–73 Five studies were 
considered at overall high risk of bias.48,54,56,60,67 
Only one study has been considered overall at low 
risk of bias.18

As it can be seen from Figure 1A in the 
Supplementary Material that shows the different 
types of bias, all the studies are at low risk of the 
bias arising from the randomization process and 
the bias due to missing outcome data.

Almost all the studies have been considered as 
having a risk of attrition bias. One study has been 
considered at high risk of bias because most of its 
analysis was based on the per-protocol analysis 
instead of the intention to treat analysis; the other 
studies have been considered as having some con-
cerns. More than three-quarters of the studies 
have been classified as having some concerns in 
the section of bias in measuring the outcome due 
to the absence of the blinding. A quarter of the 
studies have been classified as having some trans-
parency bias concerns because the published 
analyses were not always pre-planned.

Risk of bias assessment for observational 
studies
The risk of bias assessment for non-RCT is sum-
marized in Figure 5(b). Bias due to confounding, 
selection of participants, classification of inter-
ventions, deviations from intended interventions, 
missing data, measurement of outcomes, and 
selection of the reported result were assessed. 
The assessment of each specific bias is reported in 
Table 3 in the Supplementary Material. All of 
them were considered in the overall judgement as 
moderate risk of bias (18/40, 45.0%)15,22,24–

27,30,32,33,35–39,41,44,52,63 or high risk of bias (14/40, 
35.0%).16,17,20,21,28,29,31,34,42,47,50,51,55,66 No studies 
were considered at low risk of bias. Eight stud-
ies23,40,43,49,53,64,65,68 were classified as ‘No infor-
mation’ because there were no described 
characteristics of the population of interest.

Figure 1B in the Supplementary Material shows 
the different types of bias. All or nearly all the 
studies were considered at low risk of bias due to 
deviations from the intended interventions and 
the selection of the reported results. All the stud-
ies were considered at moderate risk of bias in the 
measurement of the outcomes because, in all 
these studies, the outcome assessors were aware 
of the intervention received by study participants. 
Most of the studies were considered at moderate 
or high risk of bias due to confounding or selec-
tion of participants because many studies did not 
consider a lot of the confounding domain that we 
considered necessary. In almost a quarter of the 
studies, we did not find any information about 
the confounding domains that authors could have 
considered about selecting participants and, 
potentially, the missing data.

Discussion
Although IDSA has recommended implementing 
ASPs since 2007, the effort to implement ASPs in 
paediatric settings is still limited.

Looking at PASP’s literature evidence, most stud-
ies focused on the implementation of ASP in inpa-
tient settings (92/113 studies), with more than a 
quarter focused on audit and feedback as a single 
intervention.76 However, the core strategies pro-
posed by IDSA are challenging to implement in 
the outpatient settings because of logistical and 
level barriers. For example, the audit and feedback 
strategies can be time-consuming and, differently 
from the inpatient setting, not as useful because of 
the rapid turnaround time. Nevertheless, despite 
these difficulties, implementing ASPs in the outpa-
tient setting is necessary, and it is essential to find 
and adopt the best type of ASP.

To our knowledge, this is the first systematic 
review that has focused on the implementation of 
ASPs in paediatrics globally, both in the ED and 
primary care. In the last 2 years, other systematic 
reviews about the implementation of PASPs were 
published, one in premature infants,77 and the 
other in PED, but only for respiratory infec-
tions.78 In addition, another recently published 
review focused on PASP implementation in low- 
and middle-income countries.79

Only 59 articles out of 47,158 were eligible for 
our review. Our search strategy, also based on the 
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scoping review of Donà et  al.,76 was extensive 
because it was not limited to the term ‘steward-
ship’, but was also widened to the general terms 
‘antimicrobial’ and ‘children’. We decided to 
expand our search strategy because the interven-
tions we wanted to consider in our review are not 
always labelled as ‘stewardship’. With this com-
prehensive search strategy, we found and excluded 
many articles about the use of antibiotics in chil-
dren but without any interventions.

Due to the high variability of the type of ASPs 
implemented, it was impossible to conduct a 
meta-analysis. Only 16 out of 59 focused on a sin-
gle intervention, such as implementing clinical 
pathways or clinical guidelines or educational ses-
sions for prescribers and parents.

Articles on a single implementation of clinical path-
ways and clinical guidelines have proved to change 
antibiotic prescriptions, reducing and improving 

Figure 5. Traffic light plot of the domain-level judgements of (a) observational studies and (b) randomized 
controlled trials.
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the antibiotic prescriptions rate, with a fall in broad-
spectrum prescriptions and a concomitant increase 
in narrow-spectrum ones. Only one article 
described unchanged antibiotic prescription rates 
after implementing a clinical practice guideline.37 
In this before and after trial, the new local clinical 
guideline was distributed by email without any 
educational sessions. The authors supposed that 
combining the in-person training and real-time 
feedback with the implementation of clinical prac-
tice guideline would have had better outcomes, 
improving adherence to clinical guidelines, as dem-
onstrated by other studies.25,40

Forty-three studies focused on multiple interven-
tions in different combinations.

The most widespread, valuable, and feasible type 
of ASP was represented by educational sessions, 
both to prescribers and parents or guardians, 
combined with other types of intervention.

Implementation of PASP must consider many 
more factors compared to the adult settings. 
Indeed, it is important to highlight how, above 
all, the parents’ pressure on prescribing is very 
high in outpatient settings. In addition, prescrib-
ers may be conditioned by emotional factors 
based on fear, uncertainty in the diagnosis, anxi-
ety, risk perception, and difficulty in the doctor–
parent communication.80 Therefore, an important 
part of ASP interventions in this setting undoubt-
edly concerns education of the parents.

The second most chosen type of ASP in multiple 
intervention studies was the implementation of 
clinical practice guidelines or clinical pathways, 
combined with educational sessions, audit and 
feedback or point of care tests.

Studies that described the implementation of audit 
and feedback were conducted mainly in primary 
care, with only one study reporting this core strat-
egy in both the ED and primary care. Audit and 
feedback were often combined with the implemen-
tation of clinical practice guidelines, educational 
sessions, or CDS tools and were proven to reduce 
unnecessary antibiotic prescriptions. Only one 
study describing the implementation of multiple 
interventions (educational sessions, CDS tools and 
monthly feedback) both in adult and paediatric 
populations did not show any change in prescrib-
ing practice in children.61 However, it showed a 
statistically significant change in the adult 

population. Authors hypothesized that this could 
be due to the greater difficulty in changing antibi-
otic prescription behaviour when dealing with chil-
dren because of higher concerns for the youngest.

Most of the articles included in this review were 
conducted in high-income countries, with only a 
few studies in South America and Africa. This is 
in line with our previous findings76 and the survey 
conducted in 2020 both in high- and low-income 
countries about the implementation of ASPs and 
infection prevention and control activities.81 It 
could be assumed that this is because ASPs are 
considered part of the new standard of care, and 
difficult to implement in low-income countries; 
nevertheless, a Global Action Plan is urgently 
needed to make ASP feasible and sustainable in 
resource-limited settings. A recent systematic 
review on the impact of PASP in low- and mid-
dle-income countries found that more than half 
of the 34 studies included were published after 
2015, showing increasing efforts in the imple-
mentation of PASPs.79 In addition, all the articles 
in this review described a positive impact on anti-
biotic prescribing and an important reduction of 
multidrug-resistant organism (MDRO)-related 
morbidity and mortality in children.

The implementation of ASPs should improve 
antimicrobial use, reducing antimicrobial resist-
ance, adverse drug events, and health care costs. 
The most common outcome was a variation in 
antibiotic prescriptions, meant as both a reduc-
tion in total antibiotic prescriptions and a reduc-
tion of broad-spectrum antibiotics combined with 
an increase in narrow-spectrum ones if indicated 
as first-line therapy. Most of the studies in our 
review described a statistically significant change 
in antibiotic prescribing, confirming the results of 
previous reviews.

A third of the studies focused on compliance and 
adherence to the implemented guideline. Indeed, 
an excessively complicated or time-consuming 
intervention could have a negative impact on the 
main outcome, leading to an increase in unneces-
sary antibiotic prescriptions. Therefore, the pre-
scribers must perceive the implemented 
intervention as a useful tool.

It has been reported that the effect of the ASP 
implementation and guidelines adherence 
declined over time in the absence of repeated 
educational sessions. A study conducted in a 
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PED in Ireland, implementing a multiple inter-
vention ASP23 reported that the guideline compli-
ance increased from a median of 30% to 100% 
after 4 months. The increase was sustained at 
100% after 6 months and 90% 1 year after the 
start of the intervention. Over time, other studies 
about sustainability are needed to understand 
how to maintain the positive results obtained after 
the ASP implementation.

The evaluation of the reduction of antimicrobial 
resistance is described only in a few studies. This 
is probably due to the difficulties related to the 
surveillance of antimicrobial resistance in outpa-
tient settings; indeed, microbiological culture 
tests, like throat swabs or urine culture, are less 
frequently prescribed than in the inpatient 
setting.

A few studies only considered the assessment of 
the variation of health care costs, and only half of 
these showed a reduction in costs. Most of the 
studies focused only on the variation in antibiotic 
costs due to the reduction of antibiotic prescrip-
tions, without considering the cost of ASPs imple-
mentation and the other healthcare costs that 
could be reduced, such as ancillary tests that 
could be requested in the ED and infections from 
multi-drug-resistant bacteria.

As already shown in the literature, the quality of 
the studies is often very low.82 Most of the studies 
included in our review are ‘before and after’ with 
a moderate-high risk of bias. Only one of the ran-
domized controlled trials was considered as hav-
ing a low risk of bias; the others were classified as 
presenting some concerns or at having of a high 
risk of bias. In order to support investigations in 
the design and implementation of the ASP, in 
2020, Schweitzer et  al.83 published a consensus 
recommendation about the optimization of the 
design of studies in this field, with the hope of 
improving the quality and the impact of the 
research in this area.

The primary limitation of our review is that only 
three databases were searched, and it is possible 
that not all PASP manuscripts were identified. In 
addition, most of the studies included in our 
review showed a positive impact on antibiotic 
prescribing, but we cannot exclude those other 
studies describing a negative impact that were 
conducted and not published.

Due to the low quality of the studies and the high 
variability among the considered interventions, 
which made the comparison difficult, it is chal-
lenging to reach major conclusions.

Many of the interventions included in our review 
have been proven valuable and feasible, but more 
studies with better quality are needed to identify 
the best intervention in each setting.

To help prescribers and researchers, Mistry et al.9 
reported in their papers some strategies to 
enhance the implementation of generalizable, 
ED-based ASPs.

First, ‘collaboration and engagement’ with the 
involvement of frontline providers is crucial for 
success. To be generalizable, ASPs require input 
and effort from key stakeholders in paediatric, 
general, and community EDs. Second, the ‘dis-
semination of best practices’: through adapted 
clinical pathways with locally tailored recommen-
dations for antibiotic prescribing will likely 
increase guideline uptake. Finally, using ‘effort-
independent mechanisms methods’ to prevent 
the need for active provider solicitations has been 
proven effective at curbing inappropriate pre-
scribing in outpatient settings.

To highlight the importance of the ASPs, differ-
ent organizations both in Europe and in North 
America have released specific guidelines about 
the implementation of ASP: the National Institute 
for Health and Care Excellence (NICE) guideline 
in 201584 and the Centre for Disease Control and 
Prevention (CDC) guideline in 2016.85 Four core 
elements were identified for optimizing outpa-
tient antimicrobial stewardship. First, ‘commit-
ment’: outpatient prescribers must be engaged to 
prescribe antibiotics appropriately. Second, 
‘action for policy and practice’: outpatient pre-
scribers have to implement at least one policy or 
practice to improve antibiotic prescription. Third, 
‘tracking and reporting’: prescribers and leaders 
of outpatient clinics have to track antibiotic pre-
scriptions and regularly report these data back to 
prescribers (i.e. audit and feedback) to guide 
change in practice and assess progress in improv-
ing antibiotic prescribing. Finally, ‘education and 
expertise’: education on appropriate antibiotic 
prescription has to involve not only prescribers 
but patients and caregivers as well in order to 
improve antibiotic use further.
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Conclusion
Implementing ASPs has been proven to positively 
impact antimicrobial use, healthcare costs, and 
antimicrobial resistance in inpatient and outpatient 
settings. Even if the implementation of ASP in the 
outpatients setting could be more challenging than 
in inpatient settings, some interventions have 
shown promising results. Multiple interventions, 
combining clinical pathways or clinical guidelines 
with education, audit, and feedback, have been 
proven valuable and feasible in this specific setting. 
However, it is difficult to draw strong conclusions 
from these studies because of their poor/moderate 
quality and the outcomes’ heterogeneity that pre-
cludes a meta-analysis. More well-designed studies 
are needed to reliably assess the implementation of 
ASPs in paediatric settings, both in high- and low- 
to middle-income countries.

The implementation in the paediatric settings may 
be more complicated, but hopefully, it could be 
improved in the following years. There remains a 
critical need for National PASP networks to develop 
and perform uniform interventions. Nowadays, to 
our knowledge, only two countries have a national 
PASP network established, Germany and United 
Kingdom, both of which are not formally funded. It 
is desirable that all the European countries develop 
a similar National PASP network, formally funded, 
to share results intending to promote the more judi-
cious use of antibiotics in children.
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