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Abstract
Introduction Antimicrobial stewardship programmes
(ASPs) are recommended to improve antibiotic use in
healthcare and reduce antimicrobial resistance (AMR).
Our aim was to investigate the effectiveness of ASPs
in reducing antibiotic consumption, use of broad-
spectrum/restricted antibiotics, antibiotic resistance and
healthcare-associated infections (HAIs) in neonates.
Methods We searched PUBMED, SCIELO, EMBASE
and the Cochrane Database (January 2000–April
2019) to identify studies on the effectiveness of ASPs
in neonatal wards and/or neonatal intensive care
units (NICUs). Outcomes were as follows: reduction of
antibiotic consumption overall and of broad-spectrum/
target antibiotics, inappropriate antibiotic use, antibiotic
resistance and HAIs. ASPs conducted in settings other
than acute care hospitals, for children older than
1 month, and ASPs addressing antifungal and antiviral
agents, were excluded.
Results The initial search identified 53 173 titles
and abstracts; following the application of filters
and inclusion criteria, a total of six publications were
included in the final analysis. All studies, of which one
was multi-centre study, were published after 2010. Five
studies were conducted exclusively in NICUs. Four articles
applied multimodal interventions. Reduction of antibiotic
consumption overall and/or inappropriate antibiotic
use were reported by four articles; reduction of broad-
spectrum/targeted antibiotics were reported by four
studies; No article evaluated the impact of ASPs on AMR
or the incidence of HAI in neonates.
Conclusion ASPs can be effectively applied in neonatal
settings. Limiting the use of broad-spectrum antibiotics
and shorting the duration of antibiotic treatment are the
most promising approaches. The impact of ASPs on AMR
and HAI needs to be evaluated in long-term studies.
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Antimicrobial resistance (AMR) is a phenomenon
that existed and was recognised even before the
widespread use of the first antibiotic for human use,
penicillin.1 AMR is a naturally occurring and transmissible survival mechanism in bacteria, and thus,
large-scale use of antibiotics drives rapid increase in
the global burden of AMR, threatening the medical
benefit of these drugs.2
Children and neonates are arguably the most
affected human population, as AMR combined with
a limited pipeline of newly developed antibiotic
agents and classes limits the therapeutic options to
treat infections due to multidrug-resistant bacteria.3

What is already known on this topic?
►► Antimicrobial stewardship programmes (ASPs)

are an important tool to reduce antibiotic
consumption in paediatrics, but little know is
reported about impact on neonatal population.
►► Evaluation of ASP impact in hospitals is usually
performed using aggregated patient data,
making identification of ASP effect in neonatal
populations difficult.
►► Antibiotic consumption in neonates has a
different pattern compared with that in older
children and adults.

What this study adds?
►► ASPs are effective to reduce overall antibiotic

consumption in hospitalised neonates.

►► The impact of ASPs for hospitalised neonates on

reduction of antibiotic resistance has not been
established.
►► The contribution of ASPs to reduction of
healthcare-associated infections in neonatology
has not been evaluated in hospitalised
neonates.

In 2018, not one single new antibiotic of the total
59 new drugs approved for human use by the US
Food and Drug Administration was licensed for
paediatric use.4 In the absence of new antibiotics
and owing to a lack of pharmacokinetic data to
guide effective and safe use of many existing agents
such as colistin and polymyxin B, antibiotics are
often prescribed ‘off-label’, potentially contributing
to the emergence of multi-resistant bacteria.5
Antimicrobial stewardship programmes (ASPs)
help to improve antimicrobial use and potentially
extend the effective lifespan of these agents, while
new antibiotics are in development. The core
components of an ASP differ between institutions,
but as a minimum, should include (1) monitoring
of antibiotic prescribing patterns, (2) AMR surveillance and (3) post-prescription review.6
Implementation of ASP in neonatal wards and
neonatal intensive care units (NICUs) is important,
owing to long hospital stays and the risk to develop
hospital-acquired infections (HAIs) in this population, particularly in preterm and low birthweight
infants. Use of antibiotics in neonatal care is
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Figure 1 Systematic review profile.
unavoidable for both prophylaxis of risk factors for sepsis and
surgical procedures, and life-saving treatments of severe bacterial
infections. However, antibiotic use in neonates is associated with
short-term and long-term adverse consequences due to emerging
AMR, both for the individual patient and neonatal settings as a
whole. Often, pathogens of clinical bacterial infections are not
identified in neonates, which limits targeted treatment; and thus,
antibiotic prescriptions for clinical sepsis or suspected bacterial
infections in neonates is often large.7
Considering these aspects, we aimed to identify studies on
effective ASPs in reducing antibiotic consumption, use of broad-
spectrum/restricted antibiotics, AMR, and HAIs in neonatal
wards and/or NICUs.

Methods

This systematic review was conducted according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses statements of evaluations of healthcare interventions.8

Search strategy

We searched publications in PUBMED, SCIELO, EMBASE and
the Cochrane Database of Systematic Review from 1 January
2000 to 30 April 2019 using the search terms ‘antimicrobial
stewardship’, ‘antimicrobial stewardship and antibiotic use’,
antimicrobial stewardship and neonates’, ‘antimicrobial stewardship and neonatal intensive care unit’, ‘antimicrobial stewardship and C-reactive protein’, ‘antimicrobial stewardship and
interleukin 6’ and ‘antimicrobial stewardship and interleukin
8’, and applying filters for age (children from birth to less than
18 years, and newborns to 1 month). There were no language
restrictions. The complete search strategy is presented in online
supllementary file (search strategy for databases).

Eligibility criteria

Inclusion criteria: Studies were eligible for full-text review if they
were conducted in hospitalised neonates, including neonatal
wards and NICUs, and when clearly defined ASP actions were
2

All search steps were conducted independently by three investigators (ARAS, MF and CBB). Disagreements were resolved by
consensus. After applying the search criteria and filters to each
database, we conducted three rounds of article analysis before
selecting the final list of publications for inclusion:
1. First-round: Exclusion of duplicate articles.
2. Second-round: Screening of the titles and abstracts.
3. Third round: Reading of eligible full-text articles.
Articles from the reference sections of full-text articles were
scrutinised and included for analysis, if eligibility criteria were
met.

Quality of articles and risk of bias

The quality of the selected articles was assessed using the integrated quality criteria for systematic review of multiple study
designs (ICROMS) tool.10 Briefly, the tool consists of two
distinct parts: (1) The first one is a list of quality criteria specific
for each study design, as well as criteria applicable across all
study designs using a scoring system. Criteria components
include aspects about aims, study justification, management of
bias, analytical rigour and ethical aspects. (2) The second part is
the ‘decision matrix’, which specifies the robustness of the study
by identifying minimum requirements according to the study
type and the relevance of the study to the review question. Only
studies meeting the minimum score and the mandatory criteria
according to the ICROMS methodology were included for the
final analysis.

Data collection

Data were extracted using a standardised data-extraction form,
which summarised the study details including authors, year
of publication, settings, country or countries where the study
was performed, time frame of the study, aim, interventions
and summary of key findings. The following outcomes were
assessed: reduction of total antibiotic consumption; reduction
of inappropriate antibiotic use; reduction of broad spectrum
and/or target antibiotic use; reduction of AMR and reduction of
HAI. Inappropriate antibiotic use was defined as use of a broad-
spectrum antibiotic when the infection episode and/or pathogen
could have been successfully treated with a narrow-spectrum
antibiotic/s; or when treatment time exceeded the recommended
treatment duration.11

Results

A total of 53 173 articles were identified. After applying filters
for age and patient type, 402 publications remained, of which
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the main intervention. Antimicrobial stewardship was defined
according to the Infectious Disease Society of America and the
Society for Healthcare Epidemiology of America.9 Only quantitative studies, such as randomised controlled trials, controlled
and non-controlled before-and-after studies, controlled and non-
controlled interrupted time series analyses and cohort studies
were included. Previous systematic reviews were also analysed
for cross-referencing.
Exclusion criteria: Reviews, case series, letters, notes, conference abstracts and opinion articles were excluded, as well as
interventions in outpatient care, in paediatric settings other than
neonatal, emergency departments, primary care, long-term care
facilities or a combination of these. We also excluded quantitative studies applying ASPs in both adults and children/neonates,
where extraction of neonatal data was not possible. Finally,
studies focusing on antiviral and antifungal agents were excluded
as well.

Original research
Antimicrobial stewardship programme in neonatal settings: a systematic review (January 2000–April 2019)

Authors

Study design

Setting

12

Chiu et al

NCITS

Ting et al16

City, country, study
period

Aims

Interventions

Two tertiary NICUs; Boston, USA;
50 and 18 beds
2005 to 2008

To evaluate
effectiveness and
safety of a guideline
restricting vancomycin
use

►► Introduction of an
►► Change of vancomycin use
electronic guideline
from 6.9/1000 PD to 4.5/PD in
restricting vancomycin
hospital 1 (p=0.01), and from
use
17/1000 PD to 6.4/1000 PD in
Hospital 2 (p<0.0001)
►► Change of infants exposed to
vancomycin from 5.2/1000 PD
to 3.1/1000 PD (p=0.008) in
hospital 1, and from 10.8/1000
PD to 5.5/1000 PD in hospital 2
(p=0.009)

NCBA

Single NICU

To evaluate the
►► Audit and feedback
►► Change of inappropriate
effectiveness of ASP on ►► Revision of antibiotic
meropenem antibiotic—days
antibiotic prescription
guideline
from 1.89 to 1.96 (RR (95% CI):
practices
►► Education on judicious
1.04 (0.70–1.52)) per 1000 DOT
antimicrobial use
►► Change of inappropriate
►► New technology
cefotaxime antibiotic—days
to reduce time of
from 3.56 to 1.73 (RR (95% CI):
microbiological
0.49 (0.33–0.71)) per 1000 DOT
diagnosis
►► Change of inappropriate
vancomycin antibiotic—days
from 2.70 to 1.01 (RR (95% CI):
0.37 (0.22–0.60)) per 1000 DOT
►► No improvement of
inappropriate antibiotic
prescriptions in very low
birthweight infants
►► No changes in inappropriate
courses of linezolid

Nzegwu et al13

NCITS

Single level IV NICU; Boston, USA;
54 beds
2011–2016

To evaluate an ASP on
prescription practices

Lee et al14

NCITS

Single paediatric
centre, NICU; 60
beds

Memphis, USA;
2010 to 2013

To evaluate the
►► Development of a
►► Change of antibiotic use from
effectiveness of a
guideline taking
448 to 367 DOT/1000 PD
new guideline about
into account local
►► Change of targeted broad-
antimicrobial use for
antibiograms
spectrum antibiotics from 70 to
common infections and ►► Education on judicious
27 DOT/1000 PD
early-onset sepsis on
antimicrobial use
antimicrobial use
►► Regular audits and
feedback

Mc Carthy et al17

NCBA

Single NICU; 50
beds

Cork, Ireland;
September 2016 to
March 2017

To evaluate the
effectiveness of a
local guideline in
combination with
audits and electronic
prescribing on
antimicrobial use

Vancouver, Canada;
2010 to 2015

Summary of key findings

►► Development of clinical ►► Change of monthly antibiotic
guidelines on the
use from 270.4 to 258.8
treatment of common
DOT/1000 PD (p=0.669)
neonatal infections
►► Change of monthly ampicillin
►► Audit and feedback
use from 118.6 to 103.4
by a multidisciplinary
DOT/1000 PD (p=0.037)
ASP team
►► No significant changes of
►► Education on judicious
vancomycin, cefotaxime and
antibiotic use
gentamicin/tobramycin
►► Decrease of late-onset sepsis
evaluation and prescription
events per 100 NICU days
(p<0.0001), with an average
reduction of 2.65 evaluations
per year per provider Clinical
guidelines adherence of
98.75%

►► Development of a local ►► Change of antibiotic use from
guideline on antibiotic
572 to 417 DOT/1000 PD
prescription
(p<0.0001)
►► Education on judicious ►► Change of prolonged antibiotic
antimicrobial use
use (>36 hours) from 82 to 7.5
►► Electronic prescribing
DOT/1000 PD (p=0.0004)
►► Audit and feedback
►► Change of prolonged antibiotic
►► Multidisciplinary round
use (>5 days) from 46.5 to 7
DOT/1000 PD (p=0.0009)
Continued
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Continued

Authors

Study design

Setting

City, country, study
period

Cantey et al15

NCITS

Single level 3C
NICU; 90 beds

Texas, USA; March
2012 to June 2014

Aims

Interventions

Summary of key findings

To inform ASP
►► Extension of ruled-out ►► Change of antibiotic use from
strategies in a NICU,
sepsis courses beyond
343.2 to 252.2 DOT/1000 PD
determining areas
48 hours
(p<0.0001)
where antibiotic use
►► Treatment duration
►► Change of 48 hours rule-
could be reduced safety
for culture-negative
out courses (percentage
pneumonia
discontinued <48 hours) from
►► Treatment duration for
32% to 95% (p<0.0001)
culture-n egative sepsis ►► Change of infants with culture-
negative sepsis treated <5 days
from 31% to 62% (p=0.04)
►► Change of pneumonia
treatments<5 days from 36%
to 72% (p<0.0001)

Global child health

ASP, antimicrobial stewardship program; DOT, days of therapy; NCBA, non-controlled before-and-afterstudy; NCC, non-controlled cohort study; NCITS, non-controlled time-series
analysis; NICU, neonatal intensive care unit; PD, patient-day.

75 were duplicates (figure 1). A total of 118 full-text articles
were reviewed, of which six were eligible for final analysis. Four
articles were from the USA,12–15 one from Canada and one from
Ireland.16 17 All articles fulfilled the minimum and mandatory
ICROMS quality criteria (scores for each article according to the
ICROMS methodology are presented in online supplementary
annex 1-3).
All studies were published after 2010 and only one included
patients from two or more different hospitals.12 The remaining
articles reported interventions conducted in single centres.
Interventions in neonates only were conducted exclusively
in NICUs.12 13 15–17 One article addressed interventions to the
NICU, the paediatric intensive care unit (PICU) and the cardiac
intensive care unit.14
ASPs of four studies used a multimodal implementation
strategy,13 14 16 17 while a single ASP intervention was tested in
the other two studies.12 15 Table 1 summarises the findings of the
six articles.
Table 2 presents the outcomes assessed in studies of ASP intervention in neonates.
Reduction of overall antibiotic use and/or inappropriate
prescription was reported by three studies.13–15 17 However, such
reduction was statistically significant in two studies only.15 17
Four articles reported reductions in the use of broad-spectrum
or target antibiotics.12–14 16 However, such reduction was statistically significant in one study only.12 Antibiotic classes targeted
for reduction included carbapenems (meropenem), glycopeptides (vancomycin), oxazolidinones (linezolid), third-generation

Table 2

and fourth-generation cephaloporins, and broad-spectrum penicillins (piperacillin–tazobactam).
No article assessed the impact of ASP on the incidence of
AMR or HAI.

Discussion
The balance between adequate and unnecessary antibiotic use
in neonates remains a challenge. Due to the vulnerability of
neonates, and particularly of pre-term infants, antibiotics are
frequently described in this population.18 On a given day, 39.1%
of infants of a level III NICU receive one or more antibiotics,19
although there is considerable variation in the overall use of antibiotics overall,20 as well as the selection of antibiotic agents.21 22
The studies in this systematic review show that reduction of
antibiotic use is possible and still safe for neonates, as verified
previously in an analysis of secular trends of antibiotic use in this
population.23
Effectiveness of ASPs in paediatric inpatient populations
other than neonates has been summarised by two systematic
reviews.24 25 The first review identified nine studies in various
US paediatric inpatient settings,24 the second review focused on
paediatric intensive care, and identified nine studies from the
US, Germany, Indonesia and Singapore.25 All studies reported
reductions in the use of antibiotics overall and broad-spectrum/
restricted antibiotics in particular.25 One study even reported
HAI reductions, but the only study investigating AMR could not
find statistically significant differences.

Outcomes reported in studies of antimicrobial stewardship in neonatology (January 2000–April 2019)
Outcomes

Author

Reduction of antibiotic use or Reduction of broad-spectrum
inappropriate prescription
or target antibiotics
AMR reduction

HAI reduction

Chiu et al12

ND

ND

ND

Ting et al16

ND

ND

ND

Nzegwu et al13

ND

ND

Lee et al14

ND

ND

Mc Carthy et al17

ND

ND

ND

Cantey et al15

ND

ND

ND

 Reduction with statistical significance.
 Reduction without statistical significance.
 Reduction by simple comparison.
ND, not done.

4
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Original research
search strategy, particularly older studies not using this term may
have been missed. However, cross-referencing identified studies,
which did not use the term ‘antimicrobial stewardship’ as a key
word.13 Third, no randomised controlled trials were identified.
Although considered the gold standard in measuring effectiveness, ASPs are behaviour interventions, and thus, the findings
are not surprising. The closest behaviour change interventions
come to randomised controlled trials is a stepped-wedge cluster-
randomised controlled trial design.45

Conclusion

ASPs can be effectively applied in neonatal settings. Limiting the
use of broad-spectrum antibiotics and shorting the duration of
antibiotic treatments are the most promising approaches. The
impact of ASPs on AMR and HAI needs to be evaluated in long-
term studies.
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including neonates.28–34 Although the principles of ASPs are
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ASPs appear to achieve more reduction in antibiotic consumption and use of broad-spectrum/restricted agents.25 However,
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