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Abstract

Introduction Antibiotics are widely administered for various indications, leading to increased antimicrobial resist-
ance (AMR) in acute care hospitals. Since the onset of the COVID-19 pandemic, Antimicrobial Stewardship (AMS)
effective strategies should be used to maintain the rational use of antibiotics and decrease the threat of Antimicrobial
Resistance (AMR).

Aim This systematic literature review aims to investigate the AMS intervention Before-the-pandemic (BP) and During-
the-pandemic (DP) from the literature.

Design and setting Systematic literature review of primary studies on AMS implementation in acute care settings.

Methods Relevant studies published between 2000 and March 2021 were obtained from Medline (via PubMed),
OVID, CINAHL, International Pharmaceutical Abstracts, Psych Info, Scopus, Web of Science, Cochrane Library, Open-
Grey, and Google Scholar, using a comprehensive list of search terms. Public Health England (PHE) toolkit was agreed
upon as a gold standard for the AMS implementation.

Results There were 8763 articles retrieved from the databases. Out of these, 13 full-text articles met the inclusion cri-
teria for the review. The AMS implementation was identified in the included studies into AMS strategies (Core strate-
gies & Supplemental strategies), and AMS measures BP and DP.

Conclusion This Systematic literature review summarises AMS implementation strategies and measures all over
the previous 20 years of research. There are many lessons learnt from COVID-19 pandemic. The proper selection of
the AMS implementation strategies and measures appeared to be effective in maintaining the appropriate use of
antibiotics and decreasing the AMR threat, especially during the COVID-19 pandemic. Further studies are required
to provide empirical data to evaluate the AMS implementation and identify which of these strategies and measures
were effective BP and DP. In order to be prepared for any emergency/crisis or future pandemics.

Keywords Antimicrobial stewardship strategies, Antimicrobial stewardship measures, Antimicrobial resistance,
Coronavirus, COVID-19 pandemic, Acute care settings
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from AMR infections was estimated to reach 10 mil-
lion annually due to the AMR crisis [2]. AMR is a
silent pandemic and one of the biggest threats to global
health [3]. In 2019, it was estimated that more than 1.2
million people died worldwide from AMR [4].

Public Health England (PHE) has also emphasised the
need for AMS implementation to maintain the appro-
priate use of antibiotics [5]. Antimicrobial Stewardship
(AMS) is a coherent set of actions that promotes the
effective use of antibiotics. It aims to maintain the opti-
mal selection, dosage, route, and duration of antibiotic
treatment [6]. For more definitions of Antimicrobial
Stewardship, see Supplementary Table S1. Many AMS
strategies are used to maintain the judicious use of
antibiotics and educate prescribers. Furthermore, the
AMS implementation should be measured in order to
evaluate the outcomes of AMS implementation [7, 8].

The outbreak of infection caused by the severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2;
COVID-19) from Wuhan, China, in December 2019
escalated rapidly to become a global pandemic [9]. In
June 2022, the global estimate for people who tested
positive for COVID-19 was approximately 544 million.
Additionally, the estimated number of total deaths is 6
million, 10% of the worldwide deaths of 60 million [10].
Recent evidence suggests that, as a consequence of the
COVID-19 pandemic, increasing numbers of patients
admitted to hospitals have been prescribed empirical
antimicrobial therapy, which may not always be appro-
priate, potentially increasing the number of resistant
infections globally [11, 12]. While consideration for
AMR and AMS focused on supporting the selection of
optimal empirical therapies and appropriate de-escala-
tion or discontinuation of antimicrobials when bacte-
rial co-infection is present or absent is essential [13].

Indeed, results from one of the previously published
systematic reviews suggested that co-infection preva-
lence with resistant bacterial organisms was 24%. Sadly,
of the 1959 unique isolates identified within the included
studies, 569 (29%) were deemed resistant [11]. Another
systematic review and meta-analysis also found an over-
all high antimicrobial consumption among COVID-19
patients [14]. However, the AMS intervention during
the COVID-19 pandemic within a systematic review has
not been published to date. A critical knowledge gap
exists regarding the AMS implementation strategies DP
in acute care settings. This systematic review addressed
the research question: “What are the AMS implementa-
tion strategies and measures?” The objectives were to (1)
review AMS before and during the COVID-19 pandemic;
(2) assess the acute care settings and geography; (3) docu-
ment AMS strategies and measures if available, and (4)
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estimate the proportion of each strategy and measures
reported in the literature.

Materials and methods

Registration

Prior to the initial search, the review was registered at
PROSPERO (registration number CRD42021242388) [15].
The scope of the review was defined by applying the acro-
nym PICOS (Population, Intervention, Comparison, Out-
come, Setting), as shown in Table 1. A systematic search
of databases was conducted using the following keywords
and their synonyms (for more details, see Supplementary
Tables S2 and S3). After this, follow the Preferred Report-
ing Items for Systematic Reviews (PRISMA) guidelines for
reporting. The PRISMA 2020 was drawn up and approved
by the research team before the commencement of the
systematic review [16]. The plan was employed as a guid-
ance document to systematically review relevant primary
studies published between 2000 and 2021. It described
the review’s scope, intended purpose, and methodological
and analytical approach. Ethical approval was not required
before the commencement of the review as the use of
patients’ identifiable data was not intended.

Eligibility screening

The articles retrieved from the databases were exported
into CSV and Excel sheets for screening and identifica-
tion of the eligible articles by RAE. Titles and abstracts
were screened for relevance; duplicates were removed,
followed by a screening of the complete articles for pos-
sible inclusion by one reviewer (RAE). Another reviewer
(ZA) independently reviewed the titles, abstracts, and
full studies, confirmed the relevance of studies in meet-
ing the inclusion criteria and excluded studies deemed
irrelevant. Three reviewers (ZOA and NU) screened the
first 60 records to establish the quality of screening at
this stage and ascertain that the level of agreement and
discrepancies were addressed through mutual consensus
among the reviewers. Additional suggestions and amend-
ments to the search teams and relevant keywords were
made. There was complete agreement on the relevance of
selected studies by RAE, ZA and NU.

Inclusion criteria

Selected studies were assessed against the following inclu-
sion criteria: (i) Peer-reviewed English articles; (ii) Popula-
tion of patients prescribed antibiotics aged 18 years and
over; (iii) Studies describing the AMS intervention in acute
care settings; (iv) Outcomes of AMS strategies, measures,
metrics before and during the COVID-19 pandemic; (v)
Primary studies; and (vi) Published between 2000 and 2021.
The included study designs were observational (retrospective
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Inclusion criteria

Exclusion criteria

Participants

Intervention

Comparison

Context

Outcomes

Study design

Studies targeting the public/patients’ use of antibiotics
Healthcare Professionals (HCPs) who are responsible for prescrib-
ing, dispensing, or administering antibiotics (doctors, pharmacists)

Studies describe an intervention to improve antibiotic prescribing
or AMS or any other intervention as the use of the parenteral-to-
oral switch and the duration of IV and oral antibiotics

Comparison with a control group/a group that carried out usual
care without an AMS intervention; comparison between two or
more AMS interventions

Interventions carried out in adult inpatient settings in acute care
hospitals

Primary outcomes: reviewing the AMS implementation before and
during the COVID-19 pandemic

Secondary outcomes: other AMS measures, metrics, and quality
improvement before and during the COVID-19 pandemic
Randomized Controlled Trials (RCTs), non-randomized trials, Con-

trolled Before-After (CBA) studies, interrupted time series designs,
case—control and cohort studies, cross-sectional studies, and

Non-HCPs (patient family or community or nursing or long-term
care patients)

Studies that do not describe an AMS intervention

Interventions carried out in nursing homes, care homes or long-
term healthcare facilities; community settings; paediatric setting/
hospital; and animals/ veterinary practice

Literature reviews, systematic reviews, meta-analyses, single case
studies, case reports, and conference abstracts

qualitative studies

(a) HCPs Healthcare Professionals, AMS Antimicrobial Stewardship, COVID-19 Coronavirus

(b) RCTs Randomized Controlled Trials, CBA Controlled Before-After

or prospective case—control, case series non-interventional,
cross-sectional, cohort) and interventional (quasi-experi-
mental, randomised controlled trials) studies (Table 1).

Exclusion criteria

Any study that did not fulfil the criteria for inclusion,
studies unrelated to review objectives, abstract-only
papers, non-human subject studies, literature and sys-
tematic review studies were excluded from this study.

Data sources and search methods

An electronic search of International Pharmaceuti-
cal Abstracts, MEDLINE (via PubMed), CINAHL,
PsychINFO, SCOPUS, Cochrane Library, Web of Sci-
ence and Google Scholar [17]. Choices of databases to be
searched were based on insights from the method’s sec-
tion-related reviews. The search was restricted to articles

Table 2 The systematic literature review of search strategies

published from January 2000 to March 2021 (For more
details, see Supplementary Table S3). The AMS strate-
gies and metrics identified within the MEDLINE database
through the MeSH term “antimicrobial stewardship” was
employed as search terms for AMS intervention. Antibi-
otic use before and during the COVID-19 pandemic was
employed as the search term. Settings were specified as
acute care settings, AND/OR were used to combine search
terms (Table 2). The “snowballing” strategy, going through
the reference list of all included studies to obtain further
relevant studies, was also employed.

Quality assessment of included studies

The latest version of the Mixed Method Appraisal
Tool (MMAT) was used to evaluate the quality of the
included studies. Version 2018 of the MMAT was sub-
ject to content validity and usefulness [18]. Following a

Search Strategy

1. Antimicrobial resistance OR antibiotic management OR acute care settings OR hospitals

2. Antimicrobial stewardship OR antimicrobial utilisation OR antimicrobial use OR antimicrobial stewardship strategies OR antibiotic metrics OR antimi-
crobial stewardship intervention OR antimicrobial stewardship outcomes OR antibiotic use

3.COVID19 OR coronavirus OR SARS CoV2 OR severe acute respiratory infection OR pandemic

4.1 AND 2 AND 3
5. Limit 18-65 to yr.="2000-2021'=lang:‘English’

(a) COVID-19 Coronavirus
(b) SARS CoV2 Severe Acute Respiratory Syndrome Coronavirus 2
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literature search of the databases and eligibility screen-
ing, the final included studies were independently
reviewed to ensure the quality assessment’s accuracy,
validity and reliability. The three authors (RAE, NA
and ZA) critically appraised all the included studies
independently, and then the results were discussed (for
more details about the quality of studies, see Supple-
mentary Table S4).

Data extraction and analysis/synthesis
Data extraction forms were created by the primary
reviewer (RAE). It included the author’s last name, year
of study, country, study design, the AMS intervention
strategies, AMS outcome measures, and quality of study
analysis (Supplementary Figure S1). Three studies were
initially piloted to test the form. RAE extracted the data
from these three studies into the data extraction tool, and
any discrepancies in the extracted data were discussed
with the other authors. Data obtained were grouped and
summarised using narrative synthesis into two groups:
BP and DP (Table 3). RAE extracted the data for the
included studies. In order to maintain the reliability and
validity of the data extraction, another author (ABA)
independently extracted the data from the included
studies into data extraction form. Discrepancies in the
extracted data were documented and resolved by discus-
sion or adjudication with a third author (ZA). Meta-anal-
ysis could not be performed because of the heterogeneity
of the included studies.

The following data were extracted for all included arti-
cles (Table 3):

« author of study;

« vyear of study (before or during the COVID-19 pan-
demic);

+ country of study;

« study design;

+ antimicrobial stewardship strategies;

« antimicrobial stewardship metrics/measures and
quality improvements;

Results

The search yielded a total of 8,763 Abstracts, which were
potentially eligible for inclusion: MEDLINE (n = 3,640),
all OVID journals (n=44), CINHAL PLUS (n=4,708),
PsycINFO (n=10), SCOPUS (n=101), Web of Sci-
ence (n=12), Cochrane (n="75), and an additional 173
records through Google Scholar. After removing dupli-
cates, 4,566 articles remained for the title and abstract
screening. One hundred and one published articles were
eligible for full-text screening, of which 79 met the inclu-
sion criteria (Fig. 1). Sixty-six articles were excluded as
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they had not fulfilled the inclusion criteria for the follow-
ing reasons: lack of AMS intervention reported (n=36),
inappropriate study settings (n=22), and inappropriate
outcomes such as infection control precautions (n=38).
The final included studies were 13 (Fig. 1).

The geographical origin of the 13 studies was as follows:
United States (n=4) [19, 21, 23, 24], United Kingdom
(n=2) [30, 31], India (n=2) [26, 27], Germany (n=1)
[22], Netherlands (n=1) [20], Jordan (n=1) [28], Japan
(n=1) [25], Greece (n=1) [29]. 10 of 13 (77%) studies
were conducted before the pandemic. However, only 3
of 10 (23%) studies were conducted during the COVID-
19 pandemic [29-31]. The following study designs were
identified: retrospective cohort (n=2) [22, 31], cross-
sectional (n=6) [19, 23, 25, 28-30], prospective cohort
(n=2) [21, 26], Quasi-experimental study (n=2) [24,
27], and 1 Randomized clinical trial [20]. In this review,
the PHE toolkit of AMS was used as a gold standard for
analysing AMS implementation. AMS strategies were
categorised into AMS core & supplemental strategies
according to the AMS toolkit into core and supplemental
strategies [5]. Additionally, the practical guide for AMS
implementation and measures was used in the analysis
[8] (Table 3).

AMS strategies before and during the COVID-19 pandemic
Strategies and interventions aimed at improving appro-
priate prescription of antibiotics in all acute care settings.
They are considered an essential part of “antimicrobial
stewardship” According to the literature, there are many
antimicrobial stewardship tools, interventions and activi-
ties (collectively termed “strategies”) that can be used to
streamline and improve antimicrobial use and educate
prescribers [7]. For more details about AMS strategies,
see Supplementary Tables S5 and S6. In this systematic
literature review, a range of AMS strategies has been
classified according to the AMS implementation guide-
lines of the United States Infectious Disease Society of
America (IDSA) and UK Public Health England AMS
toolkit into core and supplemental strategies [5, 7].
Before the pandemic, regarding the core strategies,
AMS Multidisciplinary Team was found in ten studies
[19-28], and Prospective Audit & Feedback strategy
was found in nine studies [19, 20, 22-28]. However,
Antibiotic Review was noticed in seven studies [19,
21, 23, 24, 26-28]. For AMS supplemental strategies,
Formulary Restriction & pre-authorisation was found
in seven studies [19, 20, 22-26], Dose Optimisation
strategy was found in seven studies [19, 22-24, 26-28],
Streamlining/timely de-escalation of therapy strategy
was found in five studies [19, 22, 23, 26, 27], Parenteral
to oral conversion was found in five studies [19-21,
23, 26], and Guidelines and Clinical were found in six
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PRISMA Flow Chart

via d

and

( Identification of

Number of studies retrieved = 8,763

PubMed (n = 3,640), OVID journals (n = 44),
CINHAL PLUS (n = 4,708), PsycINFO (n = 10),
SCOPUS (n = 101), Web of Science (n = 12),
Cochrane (n = 75), Google Scholar (n = 173)

Identification

—/ }

Records Screened (n = 4,566)

o
£

c

o

e

o
»

Titles, abstracts and full texts studies
() (n=101)

2

8

i

w

Potentially included full studies
—
(n=79)

°

o

°

=

o

&

Full studies included (n =13)

Duplicates excluded (n = 4,197) ‘

}

Titles/abstracts excluded (n = 4,465)

Title unrelated (n = 4,165)
Book and articles (n = 12)
Systematic review (n = 19)
Abstract screening (n = 269)

!

Full studies excluded: (n = 22)

No full texts (n = 17)

Author contacted for access; no reply (n =
2) URL not found (n = 3)

}

Others excluded: (n = 66)

No AMS intervention (n = 36)
Not acute care setting (n = 22)

Describe the infection control precautions
(n=8)

Fig. 1 Flow chart showing the selection of eligible studies for inclusion in the systematic review

studies [19, 21-23, 27, 28], Antibiotic Order Form was
found in two studies [19, 23], Education was found in
six studies [19-23, 26, 27], Computerized Decision
Support, surveillance was found in two studies [19, 23],
and Laboratory Surveillance and Feedback was found
in four studies [19, 22, 24, 26] (Table 4).

During the COVID-19 pandemic, concerning the
core AMS strategies, each of AMS Multidisciplinary
Team, Prospective Audit & Feedback strategy, and
Antibiotic Review was found in two studies [29, 30].
For AMS supplemental strategies, Dose Optimisation
strategy was found in only one study [29]. However,
each Streamlining/timely de-escalation and Parenteral-
to-Oral conversion was found in one study [30]. Addi-
tionally, Guidelines and Clinical Pathways were found
in three studies [29-31], Education was found in two
studies [29, 30], Computerized decision support and
Surveillance were found in one study [31], and Labora-
tory surveillance and feedback found in two studies [29,
31] (Fig. 2).

Identifying key AMS measures for improvement
Measurement of prescribing performance is essential to
evaluate the impact of AMS implementation in clinical
practice and its demonstrable benefits for patients. The
British scientist mentioned in his Popular Lecture, “If you
cannot measure it, you cannot improve it” Lord Kelvin
1824—-1907 [32]. Improving antimicrobial use must be
measured by Identifying the measurable elements/met-
rics that can be used to evaluate the outcomes of AMS.
These metrics can be used for many purposes, such
as quality assurance, improvement, and comparisons/
benchmarking either intra-hospital or Inter-hospital.
Establishing what to measure is one of the essential steps
to maintain sustainability in AMS intervention [7, 33].
Measuring stewardship can be divided into four cat-
egories: antimicrobial consumption, process measures,
outcome measures, and financial [34]. Before 2019, there
were no reliable means for measuring antimicrobial
usage or correlating usage to resistance until 2019, when
the WHO promoted measurable tools that can be used
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Fig. 2 AMS before and during the COVID-19 pandemic in acute care settings (Total studies 13)

worldwide to accurately reflect antimicrobial usage, such
as the Defined Daily Dose (DDD) [34]. WHO defined
DDD as the assumed average maintenance dose per day
for the antibiotic used for its main indication in adults.
To estimate the total number of days of antimicrobial
therapy, healthcare personnel divide the total grams of
each antimicrobial used for a given period by the WHO-
defined DDD for the individual antimicrobials. Because
DDD is a standardised unit of measure, it allows com-
parisons with antimicrobial usage in other hospitals and
countries [35]. Each hospital should select suitable meas-
ures/metrics that maintain the effective implementation
of the AMS. It is important to be aware of each metrics’
advantages and disadvantages to maintain a proper selec-
tion. For more details about AMS outcome measures and
metrics, see Supplementary Tables S8 and S9.

Before the COVID-19 pandemic, DDD was noticed in
five studies [19, 20, 22, 27, 28], Days of Therapy (DOT)
was found in eight studies [19-22, 24, 26-28], and Length
of Stay (LOS) was found in three studies [20, 22, 24], and
Cost was found in three studies [19, 24, 25], and CDI was
found in two studies [19, 21] However Indicators or Qual-
ity Improvement was found in eight studies [19-24, 27, 28].

During the COVID-19 pandemic, DDD was found in
only one study [31], — Clostridioides Difficile Infection
(CDI) was found in two studies [30, 31], and Procalci-
tonin (PCT) was found in one study [31]. Indicators or
Quality Improvement was found in two studies [30, 31]
(Table 4) (Fig. 2).

Discussion

This systematic review analysed data from over 63,921
patients who received antibiotics in acute care set-
tings between 2000 and 2021. The goal was to explore
strategies and measures for implementing antimicro-
bial stewardship (AMS). It was found that overuse and
irrational use of antimicrobials is a significant problem
for healthcare, which can lead to negative impacts on
patient safety, the emergence of antibiotic resistance,
and increased economic burden [36, 37]. The majority
of respiratory tract infections, particularly Upper Res-
piratory Tract Infections (URTIs), are caused by viruses
but are often treated with antimicrobials [38]. There is
a lack of strong evidence supporting AMS implemen-
tation, which has led to confusion and disagreement
about their effectiveness. This high antimicrobial con-
sumption in COVID-19 patients was initiated after
early reports from China revealed that 50% of patients
died from secondary bacterial infection [39, 40]. A
range of stewardship interventions has been reviewed
in the IDSA guidelines [7]. When establishing a new
stewardship program, it is best to start with the core
strategies and focus on achieving and maintaining
them before adding some supplemental strategies. A
list of the Antimicrobial Stewardship Toolkit is shown
in Table 4 and Fig. 2. In the published literature, effec-
tive AMS strategies should be able to decrease antimi-
crobial exposure, decrease costs, and improve clinical
outcomes [24].
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AMS core strategies

Two core ASP strategies have emerged: front-end strat-
egies, which involve an approval process for making
antimicrobials available (formulary restrictions and pre-
authorization), and back-end strategies, which involve
reviewing antimicrobial use after therapy has been initi-
ated (prospective audit with intervention and feedback).
A review of these strategies found that back-end strate-
gies, although more labour-intensive, are more widely
practised, more easily accepted by clinicians, and pro-
vide more educational opportunities, leading to a more
sustained impact on improving antimicrobial prescrib-
ing quality [8]. The front-end strategy used BP in 54% of
studies, while the back-end strategy was used in 85% of
all studies and two studies DP [29, 30].

AMS multidisciplinary team

A multidisciplinary AMS team was found in most of
the included studies, 92%. It was considered one of the
key components of the structure and governance of the
AMS. It consists of a core membership of an infectious
disease physician (or lead doctor or physician cham-
pion), a clinical microbiologist, and a clinical pharmacist
with expertise in infection (Supplementary Figure S2).
Other members could be specialist nurses, for exam-
ple, infection prevention or stewardship nurses, quality
improvement /risk management/patient safety manag-
ers, and clinicians interested in infection. The multidis-
ciplinary AMS team should perform a gap analysis of
antimicrobial use at the facility to identify priority areas
for improvement and set up a plan for AMS implemen-
tation and measurement [8]. Before the pandemic, one
of the studies conducted across the United States (US)
hospitals found that proper communication with the
multidisciplinary AMS team was key for successful AMS
implementation. For example, provide a forum for par-
ticipants to ask the AMS team questions about project
logistics, implementation strategies, and clinical man-
agement strategies and to share local successes and chal-
lenges. Project email addresses and designated, external
site-specific quality improvement experts are also avail-
able to all participants at each site [21]. Interestingly, in
2022, there was a study conducted in Lebanon. It was
the first study in Lebanon to examine the impact of the
implementation of the post-prescription review and
feedback (PPRF) AMS program with an infectious dis-
ease (ID) physician-driven strategy of AMS. In the inter-
vention period of this program, there was a significant
reduction in DOT, type of illness treated, types of anti-
microbials in use and an indirect decrease in the length
of hospital stay. Though the acceptance of the AMS mul-
tidisciplinary team recommendations were 88%, which
was higher than in prior studies that typically noted an
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acceptance rate of 60-70%, COVID-19 was one of the
limitations of this study. This is due to shortages of pro-
viders, which affected the ease of education of the treat-
ment teams DP [41]. During the COVID-19 pandemic, a
study conducted in the United Kingdom (UK) aimed to
measure the COVID-19 impact on national antimicro-
bial stewardship (AMS) activities. There has also been a
positive increase in multidisciplinary work where phar-
macist contributions have been welcomed. Increased
awareness of antimicrobial guidelines and improvements
seen in infection prevention [30].

A multidisciplinary AMS team was found in most of
the included studies, 92%. It was considered the key com-
ponents of the structure and governance of the AMS. The
team typically consists of an infectious disease physician,
clinical microbiologist, clinical pharmacist with exper-
tise in infection, and other members such as specialist
nurses and quality improvement/patient safety managers
[8]. The multidisciplinary AMS team was responsible for
analysing antimicrobial use at the facility and developing
a plan for AMS implementation and measurement. Com-
munication with the AMS team was found to be impor-
tant for successful AMS implementation in one study
conducted in the United States [19].

Formulary restrictions and pre-authorization

The study was conducted in Pennsylvania and compared
the change from the pre-authorisation AMS strategy to
the prospective audit with feedback. There was a signifi-
cant increase in the use of the affected antimicrobials and
the overall use of all antimicrobial agents. During the
preintervention period, both total systemic antimicrobial
use (—9.75 DOT/1,000-PD per month) and broad-spec-
trum anti-gram-negative antimicrobial use (—4.00 DOT/
1,000-PD) declined [24]. Another study was conducted
in Massachusetts. It aimed to study the new restriction
methods, such as Front-End Back End, Automatic Stop
Orders, ID Consult and Verbal Approval. It included
a list of restricted antimicrobial agents (broad spec-
trum and later generation antimicrobials), such as New
Specific Medication Restrictions: Anti-Pseudomonas,
Carbapenems, Tigecycline, Vancomycin, Colistin, Dap-
tomycin, Linezolid, Antifungals, Fluoroquinolones. The
result from this study indicated that Daptomycin and
Linezolid were the most frequently restricted antimi-
crobials [23]. An interesting study conducted in India
evaluating the use of the justification form to prescribe
restricted antimicrobials, such as colistin, polymyxin
B, tigecycline, intravenous (IV) minocycline, IV fos-
fomycin, daptomycin & echinocandins (caspofungin,
micafungin & anidulafungin) found that prescribing any
of these antimicrobials necessitated filling an antimicro-
bial justification form, which was then sent to the AMS
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multidisciplinary committee. These forms were tallied
with a daily indent list from the pharmacy of restricted
antimicrobials, and any missing forms were requested to
be submitted. At 48-72 h from the time of prescription,
the AMS committee for review [26].

Antibiotic review

The antibiotic review was one of the effective AMS
strategies BP and DP. It was found in 69% (9 of 13) of
the included studies. Antibiotic review could be con-
ducted after 24 h (Day 1) of prescribing the antibiotics.
It included a review of the doses and the possibility of
an IV-to-oral switch. It also could be conducted on Day
4 to review appropriateness considering microbiologi-
cal culture results or on Day 7 to review the duration of
therapy [8]. We found that the antibiotic review 48-72
Hours from the time of prescription was conducted by
microbiology [22] or the AMS multidisciplinary com-
mittee [26]. Interestingly, the use of the Team Antibiotic
Review Form (TARF) Document by frontline prescrib-
ers was significant in decreasing antibiotic use. It was
used in conjunction with antibiotic stewards for patients
actively receiving antibiotics to facilitate discussions
about appropriate antibiotic prescribing using the Four
Moments framework; A) Make the diagnosis; B) Cul-
tures and Empiric Therapy; C) Stop, Narrow; D) Change
to Oral antibiotics; E) Duration. The use of promotional
and attractive materials to promote the Four Moments
of Antibiotic Decision-Making, such as posters, pocket
cards, and screen savers, to advertise the Four Moments
Framework. Antibiotic use was decreased by 30.3 DOT
per 1000 PD (95% CIL,—52.6 to—8.0 DOT; P=0.008).
Additionally, the incidence rate of hospital-onset C diffi-
cile laboratory-identified events decreased by 19.5% (95%
CL, —33.5% to —2.4%; P=0.03) [21].

Interestingly, in the study conducted in the United
Kingdom (UK), 58 UK acute hospital organisations
expressed an interest in participating. In England, the
Department of Health’s guidance Start Smart—Then
Focus required prescribers to review and revise anti-
biotic prescriptions every 48—72 h.12. In the USA, the
analogous term antibiotic timeouts is used. Still, revised
Centres for Disease Control and Prevention guidance in
2019 prioritised pharmacist-led audits and feedback to
prescribers. This study aimed to evaluate a multifaceted
behaviour change intervention, i.e., the Antibiotic Review
Kit (ARK), designed to reduce antibiotic use among adult
acute general medical inpatients by increasing appro-
priate decisions to stop antibiotics at clinical review. It
focused on decisions to stop rather than decisions to start
antibiotics. Most AMS champions were microbiologists.
There was no evidence that sites that achieved greater
reductions in antibiotic DDDs per admission had larger
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increases in mortality than did sites with smaller reduc-
tions in antibiotic DDDs per admission. Interestingly, a
study published in 2022 in the UK investigating the anti-
biotic review kit intervention resulted in sustained reduc-
tions in antibiotic use among adult acute general medical
inpatients. The onset of the COVID-19 pandemic prob-
ably explains the weak, inconsistent intervention effects
on mortality. Hospitals should use the antibiotic review
kit to reduce antibiotic overuse. Despite its limitations,
the final model adjusting for COVID-19, the ARK inter-
vention resulted in mean reductions in antibiotic use of
4-8% per year but no immediate reduction [42].

Prospective audit and feedback

Another study conducted in Greece. It was focused on
the prescription of carbapenems with regard to the indi-
cation, dosage and duration of treatment, combined
with the judicious use of carbapenem-sparing antibiot-
ics whenever appropriate. The programme is based on
the prospective audit and feedback strategy, along with a
case-based education of treating doctors. An infectious
diseases (ID) specialist and an ID fellow are being alerted
by the hospital pharmacy upon prescription request for
carbapenem and provide unsolicited in-person (“hand-
shake”) consultation within 72 h for all patients for whom
the treating doctors have prescribed carbapenem. The
antibiotic review and ward rounds. Further ID consulta-
tion service upon request is available 7 days a week, 24 h
a day, through telephone or in-person [29].

The Systematic implementation of AMS has shown
promising outcomes. AMS was started by the Baseline
Phase, which started from April to June 2017. It included
a routine prospective audit, and feedback was under-
taken. Followed by the Intervention Phase, which started
from July—December 2017. In this phase, the following
interventions were added: Timeout, Correction of doses,
continued education for rational use of antimicrobials,
and Care bundle approach for prevention of hospital-
acquired infections (HAIs). During various interventions.
89 queries/suggestions were made during the baseline
phase for 49 (52.1%) of 94 patients, while 196 queries/
suggestions were made during the intervention phase for
94 (38.7%) of 243 patients. In both phases, the average
number of queries raised was 2 per patient. Queries for
de-escalation saw an increase in the intervention phase.
This approach could be used in hospitals with limited
resources in developing countries and show some ben-
efits of such interventional strategies in resource-limited
settings [27].

AMS supplemental strategies
The Streamlining/timely de-escalation of therapy strategy
was found in five studies BP and only one study DP [30].
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This strategy was implemented with an antimicrobial
timeout of 48 h. It consists of re-evaluating the patients’
empirical and/or definitive antimicrobial regimen, after
which the antimicrobials were either continued, escalated
or de-escalated according to the patient’s clinical condi-
tion. This strategy was also part of the regular prospec-
tive audit and feedback, where the data-recording team
kept track of the timelines and doctors in-charge regard-
ing timeout for each patient [27].

Antibiotic de-escalation strategy in Community-
Acquired Pneumonia (CAP) was one of the AMS activi-
ties that were significantly affected by the COVID-19
pandemic [30] (Table 4) (Fig. 2).

Both dose optimisation/antibiotic dose adjustment
and parenteral-to-oral conversion protocols showed sig-
nificant outcomes with P-values of 0.03 and 0.04, respec-
tively, in the multi-centre study of California — US, which
included 422 general acute care hospitals [19]. During the
pandemic, dose optimisation could be used for the spe-
cific antibiotic, such as Carbapenems, which focused only
on the prescription of carbapenems with regard to the
indication, dosage and duration of treatment, combined
with the judicious use of carbapenem-sparing antibiot-
ics whenever appropriate. This approach was an essen-
tial part of AMS implementation DP [29]. Additionally,
in the study assessing the Impact of COVID-19 on Anti-
microbial Stewardship Activities/Programs among HCPs
in the United Kingdom, respondents were concerned
about increased antibiotic use, including increased use
of broad-spectrum antibiotics, delayed parenteral-to-oral
switch [30].

Guidelines and Clinical Pathways were the most
used, as they were applied in 69% BP and DP. However,
the organisational collaboration in applying the AMS
guidelines and clinical pathways strategy was effectively
implemented during the pandemic [30, 31]. In addi-
tion, adherence to the local, national, and international
guideline recommendations is vital to prevent over- and
inappropriate prescribing of antimicrobials. During the
pandemic, we found that the availability of updated anti-
microbial guidelines, such as the National Institute for
Health and Care Excellence (NICE), as well as interna-
tional guidelines from the WHO and the International
Pharmaceutical Federation (FIP), were highly effective.
The management of clinical pathways, such as pneu-
monia and respiratory tract infections in COVID-19
patients, should also be updated [30]. Additionally, the
local or organisational clinical practice guidelines should
be adapted based on the local antibiograms and resisto-
gram in order to maintain the relevance of the antimicro-
bial guidelines, as recommended, which has an essential
role in decreasing the inappropriate use of antibiotics and
decreasing the AMR [22].
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In Scotland, Concern regarding bacterial co-infec-
tion complicating SARS-CoV-2 has created a challenge
for antimicrobial stewardship. Following the introduc-
tion of national antibiotic recommendations for sus-
pected bacterial respiratory tract infections complicating
COVID-19, a point prevalence survey of prescribing was
conducted across acute hospitals in Scotland. Patients in
designated COVID-19 units were included, and demo-
graphic, clinical and antimicrobial data were collected
from 15 hospitals on a single day between 20 and 30th
April 2020. Comparisons were made between SARS-
CoV-2 positive and negative patients and patients in
non-critical care and critical care units. Factors associ-
ated with antibiotic prescribing in SARS-CoV-2 positive
patients were examined using Univariable and multi-
variable regression analyses. A relatively low prevalence
of antibiotic prescribing in SARS-CoV-2 hospitalised
patients and a low proportion of broad-spectrum anti-
biotics in non-critical care settings were observed,
potentially reflecting national antimicrobial stewardship
initiatives. Broad-spectrum antibiotic and antifungal pre-
scribing in critical care units were observed, indicating
the importance of infection prevention and control and
stewardship initiatives in this setting [43].

AMS education

Before the pandemic, AMS education using active learn-
ing activities showed promising results. For example,
we found a study conducted across the United States
(US) hospitals that applied educational activities and
webinars that encouraged collaboration with the clini-
cal microbiology laboratory, integrating nurses into
stewardship activities and antibiotic allergies. This AMS
educational program entitled ‘Building Stewardship: A
Team Approach Enhancing Antibiotic Stewardship in
Acute Care Hospitals’ offered by the Agency for Health-
care Research and Quality (AHRQ) safety program was
highly effective, as it focused on the importance of Anti-
microbial Stewardship Programs (ASPs), strategies for
implementation, and operational issues, including an
understanding of pharmacodynamics, business mod-
els, and electronic surveillance [23]. The AHRQ educa-
tional components were also used in another study in
an innovative and easy way, such as 1-Page documents
and accompanying user guides on infectious disease
syndromes. The document could be used as (1) infor-
mational attractive display posters, (2) discussion points
on clinical rounds, or (3) an outline for developing local
guidelines [21]. However, during the pandemic, AMS
education was found in only one study and showed an
essential impact. There was a critical need for structured
AMS education to deal effectively with any emergency/
crisis [30].
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Computer Decision Support & Surveillance and Anti-
biotic Order Form strategy was found only in two studies
BP. However, only Computer decision support & surveil-
lance was found in one study DP [30]. During the pan-
demic, the use of technology has a significant impact on
AMS implementation. Positive outcomes of COVID-19
on AMS activities included: technology being increas-
ingly used as a tool to facilitate stewardship, e.g., virtual
meetings and ward rounds.

The use of hospital electronic prescribing systems facil-
itated AMS activities by antimicrobial pharmacists. There
was a UK-wide decrease in audit activities undertaken by
antimicrobial pharmacists. Additionally, PHE Fingertips
data support the suspicion of increased ‘just in case’ pre-
scribing of antimicrobials was decreased DP. The national
surveillance database indicated a substantial increase in
antibiotic prescribing (DDD/1000 admissions) in the
COVID-19 period [30]. The use of integrated computer-
ised systems was still effective in reducing AMR. Inter-
estingly, the use of new technology ideas, such as mobile
applications in updating the antimicrobial guidelines was
effective, such as the Commonwealth Partnerships for
Antimicrobial Stewardship (CwPAMS) App [30], anti-
biotic order forms, prescribing and availability of guide-
lines on smartphones [44].

Laboratory surveillance and feedback were found in
46% of the included studies. The surveillance of anti-
microbial use and resistance has been used as a crucial
part of AMS implementation, especially when accompa-
nied by other strategies, such as antibiotic restriction, as
shown in the study conducted in Germany. The formu-
lary restriction of specific antibiotics (e.g., tigecycline and
colistin), the creation of selective antibiotic resistogram
profiles, the implementation and electronic access to
antimicrobial prescribing guidelines, and mobile appli-
cations were used as AMS toolkit BP [22]. laboratory
results and microbiology were essential data sources
in AMS implementation [24]. During the Pandemic,
reviewing the patient laboratory data was also an integral
part of the patient’s clinical examination by the ID spe-
cialist or ID fellow. It is also accompanied by a review of
the patient’s laboratory data, all prescribed antimicrobi-
als, and a subsequent daily, rounding-based, in-person
approach to feedback by the ID doctors. Additionally, it
was used in AMS case-based education [29].

AMS measures and quality improvement

As mentioned in the result section, there should be meas-
ures/metrics to properly manage AMS implementation.
This could be conducted by identifying the measures that
can be used to evaluate the outcome of AMS implemen-
tation to improve antibiotic use and AMS intervention
strategies. These measures or metrics can be used for
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many purposes, such as quality assurance, improvement,
comparisons, and benchmarking. Measuring AMS can be
divided into four categories: antimicrobial consumption,
process measures, outcome measures, and financial [45].
The AMS strategies have significant value with beneficial
clinical, resistance and economic impact(s) [46] (Table 4)
(Fig. 2). For more details, see Supplementary Table S7.

Monitoring trends in antimicrobial use and resistance
within a hospital over several years and also identifying
small changes in a single ward over a one-month period
are essential to adapting empiric treatment according to
local resistance trends, demonstrating changes in prac-
tice over time and identifying wards with high antimi-
crobial usage or use of non-policy antimicrobials and
define targeted interventions required [8]. Surveillance
of antimicrobial use and resistance is important either at
the hospital, local, regional, and national levels, such as in
the UK [47], Wales [48], Sweden [49], Australia [50], and
Canada [51] and at the global level, such as WHO [52, 53]
and ECDC [54].

Quality improvement and indicators were the most
commonly used measures among the included studies,
as found in about 83% of the included studies. However,
quality improvement projects were found in two stud-
ies during the COVID-19 pandemic [30, 31]. It could
be used at any stage of the antibiotic use process. The
quality improvement activity assists clinicians in select-
ing the appropriate antibiotic, dose, duration, and route
of administration to optimise clinical outcomes while
minimising the selection of pathogenic organisms and
the emergence of resistance. Importantly, there was an
increasing linkage between ASPs and 146 hospital patient
safety and quality initiatives. Interestingly, it was impor-
tant to follow up and monitor results using appropriate
quality improvement committees [19]. A single-centre
quality improvement study with a retrospective evalu-
ation of the impact of antimicrobial stewardship meas-
ures on optimising antibacterial use in intra-abdominal
infections requiring emergency surgery was performed
[22]. The use of the performance of a PPS to provide
feedback on validated quality indicators (QIs) for appro-
priate antibiotic use (PPS-QI) demonstrated a reduction
in geometric mean LOS of 0.8 days in the multicen-
tre cluster-randomized clinical trial to improve antibi-
otic use and reduce the length of stay in hospitals in the
Netherlands [20]. Quality improvement activities, such
as national quality improvement schemes, were one of
the AMS measures that were negatively impacted by
the COVID-19 pandemic [30]. It could also be used to
measure the improvement of AMS activities, such as the
use of PCT-based guidelines as a useful tool for ration-
alising the use of antibiotics in patients with COVID-19
[31]. The presence of ongoing AMS quality indicators is
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one of the essential factors in maintaining preparedness
for any emergency or crisis, especially at the national
level [54]. During the Pandemic, an interesting study was
conducted at Sheffield Teaching Hospitals NHS Foun-
dation Trust (STHNFT). The aim of this study was to
evaluate the effectiveness of the implemented guideline,
which recommended that antibiotics can be withheld in
patients with COVID-19 with PCT <0.25 ng/mL unless
felt necessary by a senior clinician. Additionally, the PCT
in an electronic ‘COVID order set’ facilitated AMS meas-
ures and surveillance was included. This study found that
a PCT-based guideline can be a useful tool for rationalis-
ing the use of antibiotics in patients with COVID-19 [31].

Both LOS and Cost were found in three studies, only
BP. The use of LOS had several advantages: it was easy
to measure, could be applied to all admitted patients,
reflected the recovery time of hospitalised patients and
drove hospital costs [20]. LOS was used to examine the
antimicrobial use and length of stay (LOS) before and
after a change in AMS approach at the Hospital of the
University of Pennsylvania, a 776-bed tertiary care aca-
demic medical centre in Philadelphia and showed a sig-
nificant increase after the change in AMS strategy from
Pre-authorization and Prospective Audit with Feedback
[24]. Interestingly, when prior to authorisation, AMS
strategy was conducted in costly antibiotics, such as
including aztreonam, ceftazidime, daptomycin, levofloxa-
cin, linezolid, and meropenem) and showed a promis-
ing outcome in decreasing the LOS and cost. LOS is an
important factor in healthcare cost analysis. Based on the
national health insurance claims database and specific
health check-ups in Japan, the importance of appropri-
ate use of antibiotics and AMS implementation was para-
mount [25].

Before 2019, there were no reliable means for measur-
ing antimicrobial usage. The WHO promoted measurable
tools, such as the defined daily dose (DDD) and Day of
Therapy (DOT), to allow comparisons for antimicro-
bial usage among hospitals and countries [33, 55]. In the
included studies, the DDD and DOT are the most com-
mon AMS measures, as it was used in 53% of BP and 28%
of DP. Significantly, we found another study promoted
the use of KPIs, such as the AMR local indicators—pro-
duced by the UKHSA among the National Health Service
(NHS) hospitals in England, and it showed a significant
outcome in AMS and provided a comparative measure
for the antibiotic prescribing among different periods DP
(30, 56].

On the other hand, the CDI rate was used in measur-
ing the outcome of AMS implementation [19]. It was
found that a reduction in antibiotic use and hospital-
onset CDI rates was an outcome of implementing the
Agency for Healthcare Research and Quality Safety
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Program across US hospitals [21]. During the pandemic,
there was a concern about increasing CDI rates as a
result of the COVID-19 pandemic across all National
Health Service (NHS) acute trusts in England [30]. Inter-
estingly, data on CDI was collected as a contribution to
AMS activities DP [31].

A study published in Cambridge University Press
aimed to develop and implement antibiotic steward-
ship activities in urgent care targeting non—antibiotic-
appropriate acute respiratory tract infections (ARIs). The
AMS activities were started in fiscal 2020 and included
measure development, comparative feedback, and clini-
cian and patient education. This study measured antibi-
otic prescribing in fiscal years 2019, 2020, and 2021 for
the stewardship targets, potential diagnosis-shifting
visits, and overall. Additionally, it collected patient sat-
isfaction data for ARI visits. The antibiotic prescribing
rate decreased for stewardship-measure visits from 34%
in FY19 to 12% in FY21. Although AMS was affected by
the COVID-19 pandemic, an ambulatory antimicrobial
stewardship program that focused on improving non—
antibiotic-appropriate ARI prescribing was associated
with decreased prescribing for (1) the stewardship target,
(2) a diagnosis-shifting measure, and (3) overall antibiotic
[57]. The first step to improving the current situation is to
measure how medicines areused and this forms the basis
of advocacy for change [58]. Clinical pharmacist has a
critical role in AMS, and can be effective in implemented
sustainable change [59].

Limitations of the systematic review

Searching only published databases could have resulted
in missing some potentially relevant but unpublished
studies from the review. Secondly, limiting studies to
being published in English could have resulted in missing
essential studies published in other languages.

Limitations of the evidence

To the knowledge of the authors, this is the first system-
atic review to assess the AMS implementation of BP and
DP. However, there are insufficient studies using AMS
strategies and measures. The authors did their best to
compare the AMS strategies and measures, but varia-
tions in their use affected the comparability of findings
across studies.

Comparison with existing literature

A few reviews have assessed AMS in hospitalised
patients. However, none of the reviewers has focused
on the core and supplemental AMS strategies, nor the
AMS measures in secondary care and acute care set-
tings BP and DP as explored in this present systematic
review.
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Implications for research and practice

Few studies identified the AMS measures, the use of
AMS indicators and quality improvement projects which
are relevant to this systematic review. Therefore, further
studies are required to provide measurable indicators
for assessing AMS implementation. It will also enable
the planning and evaluation of suitable AMS interven-
tions. Secondly, further research is required to develop
methods for standardised measurements for AMS imple-
mentation that will allow greater comparability of AMS
outcomes and measures across studies. Lastly, there was
evidence that antibiotic use is best achieved with organi-
sational collaboration, especially during an emergency or
pandemic.

Conclusion and recommendations

This systematic literature review investigated the AMS
strategies and measures used in the acute care settings
BP and DP. Advocacy for AMS must continue in the
post-pandemic era to assure the safety of patient care.
There are so many lessons learnt from the COVID-19
pandemic. These lessons and further recommendations
from this systematic review were as follows:

1. In order to set up AMS, a multidisciplinary team is
one of the key components of the structure and gov-
ernance of the ASP in acute care settings BP and DP.

2. When establishing a new stewardship program, it
is best to start with the core strategies and focus on
achieving and maintaining them before adding some
of the supplemental strategies.

3. Each Hospital should select the relevant AMS inter-
vention tools to maintain the appropriate use of anti-
biotics and decrease the AMR. The types of interven-
tions selected, how to be delivered, and by whom will
be determined by local resources need and available
expertise.

4. A prospective Audit with Feedback and Antibiotic
Review core strategies showed promising outcomes
in AMS implementation DP.

5. Guidelines, & Clinical Pathways, Guidelines and
Education strategies were important to maintain the
successful implementation of AMS BP and DP.

6. The development of national prescribing indica-
tors helped to promote the appropriate antibiotic
use during-the-pandemic, such as the UK five-year
National Action Plan 2019-2024, with ambitions to
reduce UK antimicrobial use in humans by 15% by
2024.

7. Novel AMS measures, such as Procalcitonin-guided
antibiotic prescribing, showed a promising effect on
AMS implementation. Results showed reduced anti-
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biotic consumption in patients with PCT 0.25 ng/mL
with no increase in mortality. Further research is rec-
ommended to identify the optimal cut-off value for
PCT in this setting.

DDD and DOT are the most common AMS meas-
ures among the other measures. There is a need to
standardise AMS measures in order to provide a
comparison of outcomes and planning of effective
AMS implementation.

The use of an integrated Computerised Decision
Support System and Surveillance is required to max-
imise the use of technical support in sustained AMS
implementation and measuring, which would be
beneficial in preparing for any future crisis or emer-
gencies.

Abbreviations

ABT Antibiotic Therapy

AHRQ Agency for Healthcare Research and Quality

AMS Antimicrobial Stewardship

AMS Antimicrobial Stewardship

ARK Antibiotic Kit Review

ASP Antimicrobial Stewardship Program

AMR Antimicrobial Resistance

ARls Acute respiratory tract infections

BP Before-the-pandemic

BSAC British Society for Antimicrobial Chemotherapy

CAP Community-Acquired Pneumonia

CBA Controlled Before-After

CDI Clostridioides Difficile Infection

cl Confidence Interval

COVID-19  Coronavirus

CWPAMS  Commonwealth Partnerships for Antimicrobial Stewardship

DDD Defined Daily Doses

DOT Days of Therapy

DP During-the-pandemic

ECDC European Centre for Disease Prevention and Control

FIP International Pharmaceutical Federation

HAls Hospital-Acquired Infections

HCPs Healthcare Professionals

ICU Intensive Care Unit

IVOST IV to oral switches

IDSA The Infectious Diseases Society of America

v Intravenous

ISRCTN International Standard Randomised Controlled Trial Number

LOS Length of Stay

LOT Length of Therapy

MMAT Mixed Method Appraisal Tool

NHS National Health Service

NICE National Institute for Health and Care Excellence

STHNFT  Sheffield Teaching Hospitals NHS Foundation Trust

OPAT Outpatient Parenteral Antibiotic Therapy

PAT Postoperative Antibiotic Therapy

PCT Procalcitonin

PPE Personal Protective Equipment

PPS-ECDC  Point Prevalence Study of the European Centre for Disease Preven-
tion and Control

PPS-QI Point Prevalence Surveys; LOS—Length of Stay; ICU—Intensive
Care Unit; ABT—Antibiotic Therapy

PHE Public Health England

PICOS Population, Intervention, Comparison, Outcome, Setting

PRISMA Preferred Reporting Items for Systematic Reviews



Elshenawy et al. BMC Public Health (2023) 23:309

PPS-ECDC  Point Prevalence Study of the European Centre for Disease Preven-
tion and Control

PPRF Post-prescription review and feedback
Qls Quiality Indicators
RCTs Randomized Controlled Trials

STHNFT  Sheffield Teaching Hospitals NHS Foundation Trust
SARS-CoV-2; COVID-19 Severe acute respiratory syndrome coronavirus-2

TARF Team Antibiotic Review Form
URTIs Upper Respiratory Tract Infections
us United States

UK United Kingdom

UH University of Hertfordshire

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512889-023-15072-5.

Additional file 1: Supplementary Table S1. Descriptive definitions of
Antimicrobial Stewardship. Supplementary Table S2. Rationale behind
selecting each database used to conduct the systematic literature review.
Supplementary Table S3. The systematic review of the search terms in
different databases. Supplementary Table S4. The quality of the included
studies using MAAT. Supplementary Table S5. Antimicrobial Stewardship
Core and Supplemental Strategies. Supplementary Table S6. Definition
of some of AMS strategies. Supplementary Table S7. AMS Strategies and
their related outcomes. Supplementary Table S8. Suggested measures
for antimicrobial stewardship. Supplementary Table S9. ASP Metrics
Example. Supplementary Figure S1. Data extraction Form. Supplemen-
tary Figure S2. A multidisciplinary approach to antimicrobial stewardship
implementation.

Acknowledgements

The authors wish to acknowledge the support of “UK Public Health England”
for providing the AMS toolkit and AMR 5-year action plan that was so helpful
in preparing and benchmarking this systematic review. The authors would
also like to acknowledge the Academic Support team from the University of
Hertfordshire (UH), who helped in reviewing this study.

Authors’ contributions

RAE participated in protocol development, literature searching, data extrac-
tion, data analysis and manuscript preparation; NU participated in protocol
development and data analysis and independently reviewed the quality of
studies and manuscript preparation. ZA participated in protocol development,
literature searching, and data extraction, independently reviewed the quality of
studies, selection, and driving ideas, and provided subject-specific comments
to update the manuscript. ABA conducted the data extraction for the included
studies independently. The author(s) read and approved the final manuscript.

Authors’information

The following authors are members of the Department of Clinical, Pharma-
ceutical and Biological Sciences, University of Hertfordshire School of Life and
Medical Sciences, United Kingdom. RAE is a PhD Candidate, and two future
studies will be conducted at Bedfordshire Hospitals NHS Foundation Trust. The
study protocol has been published in the ISRCTN.

Funding
We received no funding for the development of this manuscript.

Availability of data and materials

All data supporting the conclusions of this article are included within the
article and a list of references.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 22 of 24

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 August 2022 Accepted: 17 January 2023
Published online: 10 February 2023

References

1.

Chung GW, Wu JE, Yeo CL, et al. Antimicrobial stewardship: a review of
prospective audit and feedback systems and an objective evaluation of
outcomes. Virulence. 2013;4:151-7.

Review on Antimicrobial Resistance: tackling a crisis for the health and
wealth of nations. https://amr-review.org/sites/default/files/AMR%20Rev
iew%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%
20and%20wealth%200f%20nations_1.pdf.

Organization WH. Antimicrobial stewardship programmes in health-care
facilities in low- and middle-income countries: a WHO practical toolkit
[Internet]. apps.who.int. World Health Organization; 2019. Available from:
https://apps.who.int/iris/handle/10665/329404.

Murray CJ, Ikuta KS, Sharara F, et al. Global burden of bacterial antimicro-
bial resistance in 2019: a systematic analysis. Lancet. 2022;399:629-55.
Start Smart - Then Focus Antimicrobial Stewardship Toolkit for English
Hospitals: https://assets.publishing.service.gov.uk/government/uploa
ds/system/uploads/attachment_data/file/417032/Start_Smart_Then_
Focus_FINAL.PDF.

NICE. Overview | Antimicrobial stewardship: systems and processes for
effective antimicrobial medicine use | Guidance | NICE. Nice.org.uk. NICE;
2015. Available from: https://www.nice.org.uk/guidance/ng15.

Dellit TH, Owens RC, McGowan JE, et al. Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America Guide-
lines for Developing an Institutional Program to Enhance Antimicrobial
Stewardship. Clin Infect Dis. 2007;44:159-77.

Antimicrobial Stewardship - From Principles to Practice e-book. The Brit-
ish Society for Antimicrobial Chemotherapy. Available from: https://bsac.
org.uk/antimicrobial-stewardship-from-principles-to-practice-e-book/.
[Cited 2022 Dec 29].

Phelan AL, Katz R, Gostin LO. The novel coronavirus originating in Wuhan,
China: challenges for global health governance. JAMA. 2020;323:709-10.
WHO COVID-19 Dashboard. Geneva: World Health Organization.
https://covid19.who.int/.

. Murgadella-Sancho A, Coloma-Conde A, Oriol-Bermudez I. Impact of the

strategies implemented by an antimicrobial stewardship program on
the antibiotic consumption in the coronavirus disease 2019 (COVID-19)
pandemic. Infect Control Hosp Epidemiol. 2022;43(9):1292-1293. https:.//
doi.org/10.1017/ice.2021.237.

Zhou F,YuT, Du R, et al. Clinical course, and risk factors for mortality of
adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort
study. Lancet. 2020;395:1054-62.

Hamidi AA, Yilmaz S. Antibiotic consumption in the hospital during
COVID-19 pandemic, distribution of bacterial agents and antimicrobial
resistance: a single-center study. J Surg Med. 2021;5:124-7.

Khan S, Hasan SS, Bond SE, et al. Antimicrobial consumption in patients
with COVID-19: a systematic review and meta-analysis. Expert Rev Anti
Infect Ther. 2021,20:1-24.

PROSPERO International prospective register of systematic reviews.
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42
021242388.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ. 2021,372:n71.
Wilczynski NL, Haynes RB, Hedges Team. Developing optimal search
strategies for detecting clinically sound prognostic studies in MEDLINE:
an analytic survey. BMC Med. 2004;2:23.

Hong QN, Pluye P, Fabregues S, et al. Mixed methods appraisal tool
(MMAT), version 2018. Canada: IC Canadian Intellectual Property Office;
2018.


https://doi.org/10.1186/s12889-023-15072-5
https://doi.org/10.1186/s12889-023-15072-5
https://www.isrctn.com/ISRCTN14825813
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://amr-review.org/sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20the%20health%20and%20wealth%20of%20nations_1.pdf
https://apps.who.int/iris/handle/10665/329404
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/417032/Start_Smart_Then_Focus_FINAL.PDF
https://www.nice.org.uk/guidance/ng15
https://bsac.org.uk/antimicrobial-stewardship-from-principles-to-practice-e-book/
https://bsac.org.uk/antimicrobial-stewardship-from-principles-to-practice-e-book/
https://covid19.who.int/
https://doi.org/10.1017/ice.2021.237
https://doi.org/10.1017/ice.2021.237
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021242388
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021242388

Elshenawy et al. BMC Public Health

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

(2023) 23:309

Trivedi KK, Rosenberg J. The State of Antimicrobial Stewardship Programs
in California. Infect Control Hosp Epidemiol. 2013;34:379-84.

Kallen MC, Hulscher MEJL, Elzer B, et al. A multicentre cluster-randomized
clinical trial to improve antibiotic use and reduce length of stay in
hospitals: Comparison of three measurement and feedback methods. J
Antimicrob Chemother. 2021;76:1625-32.

Tamma PD, Miller MA, Dullabh P, et al. Association of a Safety Program for
Improving Antibiotic Use with Antibiotic Use and Hospital-Onset Clostridi-
oides difficile Infection Rates among US Hospitals. JAMA Netw Open.
2021;4:€210235.

Surat G, Vogel U, Wiegering A, et al. Defining the scope of antimicrobial
stewardship interventions'on the prescription quality of antibiotics for surgi-
cal intra-abdominal infections. Antibiotics. 2021;10:1-13.

Weston A, Epstein L, Davidson LE, et al. The Impact of a Massachusetts State-
Sponsored Educational Program on Antimicrobial Stewardship in Acute
Care Hospitals. Infect Control Hosp Epidemiol. 2013;34:437-9.

Mehta JM, Haynes K, Wileyto EP, et al. Comparison of Prior Authorization

and Prospective Audit with Feedback for Antimicrobial Stewardship. Infect
Control Hosp Epidemiol. 2014;35:1092-9.

MoriyamaY, Ishikane M, Kusama Y, et al. Nationwide cross-sectional study of
antimicrobial stewardship and antifungal stewardship programs in inpatient
settings in Japan. BMC Infect Dis. 2021;21:355.

Thakkar P, Singhal T, Shah S, et al. The implementation and outcome of a
2-year prospective audit and feedback-based antimicrobial stewardship
program at a private tertiary care hospital Source of support. Indian J Med
Microbiol. 2021,39:425-8.

Panditrao A, Shafig N, Kumar-M P, et al. Impact of an antimicrobial steward-
ship and monitoring of infection control bundle in a surgical intensive

care unit of a tertiary-care hospital in India. J Glob Antimicrob Resist.
2021,24:260-5.

Ababneh MA, Jaber M, Rababa'h A, et al. Prevalence of antimicrobial use in a
tertiary academic hospital: a venue for antimicrobial stewardship programs.
Expert Rev Anti Infect Ther. 2021;19:1047-51.

Spernovasilis N, lerodiakonou D, Spanias C, et al. Doctors' perceptions, atti-
tudes and practices towards the management of multidrug-resistant organ-
ism infections after the implementation of an antimicrobial stewardship
programme during the covid-19 pandemic. Trop Med Infect Dis. 2021;6:20.
Ashiru-Oredope D, Kerr F, Hughes S, et al. Assessing the Impact of COVID-19
on Antimicrobial Stewardship Activities/Programs in the United Kingdom.
Antibiotics. 2021;10:110.

Williams EJ, Mair L, de SilvaTl, et al. Evaluation of procalcitonin as a contribu-
tion to antimicrobial stewardship in SARS-CoV-2 infection: a retrospective
cohort study. J Hosp Infect. 2021;110:103-7.

Kelvin WT, Gerstein - University of Toronto. Popular lectures and addresses.
Internet Archive. London Macmillan; 1889. Available from: https://archive.
org/details/popularlecturesa0Tkelvuoft. [Cited 2022 Dec 30].

World Health Organization. Medicines use in primary care in developing
and transitional countries : fact book summarizing results from studies
reported between 1990 and 2006. https://apps.who.int/iris/handle/10665/
70032.

Organization WH. Antimicrobial stewardship programmes in health-care
facilities in low- and middle-income countries: a WHO practical toolkit. apps.
who.nt. World Health Organization; 2019. Available from: https.//apps.who.
int/iris/handle/10665/329404.

WHOCC. WHOCC - ATC/DDD Index. Whocc.no. 2019. Available from:
https://www.whocc.no/atc_ddd_index/.

Antimicrobial stewardship: European Centre for Disease Prevention and
Control. https://www.ecdc.europa.eu/en/publications-data/directory-guida
nce-prevention-and-control/prudent-use-antibiotics/antimicrobial.
Dadgostar P. Antimicrobial Resistance: Implications and Costs. Infection and
Drug Resistance. 2019. Available from: https://www.dovepress.com/antim
icrobial-resistance-implications-and-costs-peer-reviewed-fulltext-article-IDR.
LiJ, Song X, Yang T, et al. A Systematic Review of Antibiotic Prescription
Associated With Upper Respiratory Tract Infections in China. Medicine.
2016,95:€3587.

Murgadella-Sancho A, Coloma-Conde A, Oriol-Bermudez I. Impact of the
Strategies Implemented by an Antimicrobial Stewardship Program on the
Antibiotic Consumption in the Covid-19 Pandemic. Infect Control Hosp
Epidemiol. 2021;21:1-5.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Page 23 of 24

Lucien MAB, Canarie MF, Kilgore PE, et al. Antibiotics and antimicrobial resist-
ance in the COVID-19 era: Perspective from resource-limited settings. Int J
Infect Dis. 2021;104:250-4.

. Shallal A, Lahoud C, Merhej D, Youssef S, Verkler J, Kaljee L, et al. The Impact

of a Post-Prescription Review and Feedback Antimicrobial Stewardship Pro-
gram in Lebanon. Antibiotics 2022;11(5):642. Available from: https://www.
ncbi.nim.nih.gov/pmc/articles/PMC9138162/. [Cited 2022 Dec 30].
Llewelyn MJ, Budgell EP, Laskawiec-Szkonter M, Cross ELA, Alexander R,
Bond S, et al. Antibiotic review kit for hospitals (ARK-Hospital): a stepped-
wedge cluster-randomised controlled trial. Lancet Infect Dis. 2022;0(0).
Available from: https://www.thelancet.com/journals/laninf/article/PlIS1473-
3099(22)00508-4/fulltext#seccestitle170. [Cited 2022 Dec 30].

Seaton RA, Gibbons CL, Cooper L, Malcolm W, McKinney R, Dundas S, et al.
Survey of antibiotic and antifungal prescribing in patients with suspected
and confirmed COVID-19 in Scottish hospitals. J Infect. 2020,81(6):952-60.
Available from: https://pubmed.ncbinim.nih.gov/32987097/. [Cited 2021
Oct 21].

Khor WP, Olaoye O, D'arcy N, et al. The need for ongoing antimicrobial stew-
ardship during the COVID-19 pandemic and actionable recommendations.
Antibiotics. 2020;,9:1-12.

World Health Organisation. Antimicrobial stewardship programmes in
health-care facilities in low- and middle-income countries: a WHO practical
toolkit. apps.who.int. World Health Organization; 2019. Available from:
https://apps.who.int/iris/handle/10665/329404.

Nathwani D, Varghese D, Stephens J, Ansari W, Martin S, Charbonneau C.
Value of hospital antimicrobial stewardship programs [ASPs]: a systematic
review. Antimicrob Resist Infect Control. 2019;8(1):1-3.

English surveillance programme for antimicrobial utilisation and resistance
(ESPAUR). Available from: https://assets.publishing.service.gov.uk/gover
nment/uploads/system/uploads/attachment_data/file/1118310/ESPAUR-
report-2021-t0-2022 pdf.

Antibacterial Resistance. 2008. Available from: http://www.wales.nhs.uk/
sitesplus/documents/888/Antimicrobial%20Resistance%20in%20Wales%
202008-2017%20v1.pdf. [Cited 2023 Jan 3].

Strama | Examples of clinical guidelines. strama.se. Available from: https://
strama.se/examples-of-clinical-guidelines/?lang=en. [Cited 2023 Jan 3].
scheme=AGLSTERMS. AglsAgent; corporateName=Department for Health
and Wellbeing; address=11 Hindmarsh Square A. Wash, Wipe, Cover Tips.
www.sahealth.sa.gov.au. Available from: http://www.health.sa.gov.au/INFEC
TIONCONTROL. [Cited 2023 Jan 3].

Canadian Antimicrobial Resistance Surveillance System Report. Available
from: https://www.canada.ca/content/dam/phacaspc/documents/servi
ces/publications/drugs-health-products/canadian-antimicrobial-resistance-
surveillance-system-report-2021/canadianantimicrobial-resistance-surve
illance-system-report-2021.pdf.

World Health Organization. Global antimicrobial resistance and use
surveillance system (GLASS) report: 2022. apps.who.int. World Health
Organization; 2022. Available from: https://apps.who.int/iris/handle/
10665/364996. [Cited 2023 Jan 3].

Antimicrobial resistance surveillance in Europe 2022 - 2020 data. European
Centre for Disease Prevention and Control. 2022. Available from: https://
www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surve
illance-europe-2022-2020-data.

Choi S, Ahn E, Kabir R, Gautam-Goyal P, Hirschwerk D. Handshake Steward-
ship: Interdisciplinary Rounds as a Tool to Spread Antimicrobial Stewardship
Led by Hospitalist-Pharmacist Team [Internet]. Europe PMC. 2021 [cited
2023 Jan 30]. Available from: https://europepmc.org/article/ppr/ppr277294.
Defined Daily Dose (DDD). https://www.who.int/tools/atc-ddd-toolkit/
about-ddd.

AMR local indicators - produced by the UKHSA: https://fingertips.phe.org.
uk/profile/amr-local-indicators/data.

Patel D, Ng T, Madani LS, Persell SD, Greg M, Roemer PE, et al. Antibiotic
stewardship to reduce inappropriate antibiotic prescribing in integrated
academic health-system urgent care clinics. Infect Control Hosp Epide-
miol;1-10. Available from: https://www.cambridge.org/core/journals/
infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewa
rdship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-acade
mic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF85
0OA. [Cited 2022 Dec 31].


https://archive.org/details/popularlecturesa01kelvuoft
https://archive.org/details/popularlecturesa01kelvuoft
https://apps.who.int/iris/handle/10665/70032
https://apps.who.int/iris/handle/10665/70032
https://apps.who.int/iris/handle/10665/329404
https://apps.who.int/iris/handle/10665/329404
https://www.whocc.no/atc_ddd_index/
https://www.ecdc.europa.eu/en/publications-data/directory-guidance-prevention-and-control/prudent-use-antibiotics/antimicrobial
https://www.ecdc.europa.eu/en/publications-data/directory-guidance-prevention-and-control/prudent-use-antibiotics/antimicrobial
https://www.dovepress.com/antimicrobial-resistance-implications-and-costs-peer-reviewed-fulltext-article-IDR
https://www.dovepress.com/antimicrobial-resistance-implications-and-costs-peer-reviewed-fulltext-article-IDR
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9138162/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9138162/
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00508-4/fulltext#seccestitle170
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(22)00508-4/fulltext#seccestitle170
https://pubmed.ncbi.nlm.nih.gov/32987097/
https://apps.who.int/iris/handle/10665/329404
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1118310/ESPAUR-report-2021-to-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1118310/ESPAUR-report-2021-to-2022.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1118310/ESPAUR-report-2021-to-2022.pdf
http://www.wales.nhs.uk/sitesplus/documents/888/Antimicrobial%20Resistance%20in%20Wales%202008-2017%20v1.pdf
http://www.wales.nhs.uk/sitesplus/documents/888/Antimicrobial%20Resistance%20in%20Wales%202008-2017%20v1.pdf
http://www.wales.nhs.uk/sitesplus/documents/888/Antimicrobial%20Resistance%20in%20Wales%202008-2017%20v1.pdf
https://strama.se/examples-of-clinical-guidelines/?lang=en
https://strama.se/examples-of-clinical-guidelines/?lang=en
http://www.sahealth.sa.gov.au
http://www.health.sa.gov.au/INFECTIONCONTROL
http://www.health.sa.gov.au/INFECTIONCONTROL
https://www.canada.ca/content/dam/phacaspc/documents/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-report-2021/canadianantimicrobial-resistance-surveillance-system-report-2021.pdf
https://www.canada.ca/content/dam/phacaspc/documents/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-report-2021/canadianantimicrobial-resistance-surveillance-system-report-2021.pdf
https://www.canada.ca/content/dam/phacaspc/documents/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-report-2021/canadianantimicrobial-resistance-surveillance-system-report-2021.pdf
https://www.canada.ca/content/dam/phacaspc/documents/services/publications/drugs-health-products/canadian-antimicrobial-resistance-surveillance-system-report-2021/canadianantimicrobial-resistance-surveillance-system-report-2021.pdf
https://apps.who.int/iris/handle/10665/364996
https://apps.who.int/iris/handle/10665/364996
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2022-2020-data
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2022-2020-data
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2022-2020-data
https://europepmc.org/article/ppr/ppr277294
https://www.who.int/tools/atc-ddd-toolkit/about-ddd
https://www.who.int/tools/atc-ddd-toolkit/about-ddd
https://fingertips.phe.org.uk/profile/amr-local-indicators/data
https://fingertips.phe.org.uk/profile/amr-local-indicators/data
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewardship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-academic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF850A
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewardship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-academic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF850A
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewardship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-academic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF850A
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewardship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-academic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF850A
https://www.cambridge.org/core/journals/infection-control-and-hospital-epidemiology/article/abs/antibiotic-stewardship-to-reduce-inappropriate-antibiotic-prescribing-in-integrated-academic-healthsystem-urgent-care-clinics/83172198359EC3717258E3F326EF850A

Elshenawy et al. BMC Public Health (2023) 23:309 Page 24 of 24

58. World Health Organization. Medicines use in primary care in developing
and transitional countries: fact book summarizing results from studies
reported between 1990 and 2006. https://apps.who.int/iris/handle/10665/
70032.

59. Nampoothiri V, Sudhir AS, Joseph MV, et al. Mapping the Implementation
of a Clinical Pharmacist-Driven Antimicrobial Stewardship Programme at a
Tertiary Care Centre in South India. Antibiotics. 2021;10:220.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://apps.who.int/iris/handle/10665/70032
https://apps.who.int/iris/handle/10665/70032

	Antimicrobial stewardship implementation before and during the COVID-19 pandemic in the acute care settings: a systematic review
	Abstract 
	Introduction 
	Aim 
	Design and setting 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Registration
	Eligibility screening
	Inclusion criteria
	Exclusion criteria
	Data sources and search methods
	Quality assessment of included studies
	Data extraction and analysissynthesis

	Results
	AMS strategies before and during the COVID-19 pandemic
	Identifying key AMS measures for improvement

	Discussion
	AMS core strategies
	AMS multidisciplinary team
	Formulary restrictions and pre-authorization
	Antibiotic review
	Prospective audit and feedback
	AMS supplemental strategies
	AMS education
	AMS measures and quality improvement
	Limitations of the systematic review
	Limitations of the evidence
	Comparison with existing literature
	Implications for research and practice

	Conclusion and recommendations
	Acknowledgements
	References


