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FOREWORD

With the evolution of superbugs – microorganisms, such as bacteria, viruses, 
fungi and parasites, resistant to antimicrobials – and limited developments in 
the antimicrobial market pipeline, antimicrobial resistance (AMR) is an immense 
public health threat to every region of the world. If left unchecked, we may be 
regressing to an era where people die in droves from common infections or 
routine operations. Current estimates suggest that AMR will lead to more than 
10 million deaths and direct healthcare costs of up to $1 trillion annually by 2050.

Tackling AMR requires a multisectoral response spanning the food industry, 
sanitation, hygiene and the public as well as healthcare providers. Health 
systems, nevertheless, play a vital role in addressing AMR through infection 
control measures and the judicious use of antimicrobials, known as antimicro-
bial stewardship (AMS). However, they need evidence-based tools to make 
the most impact.

For this report, we partnered with the Center for Disease Dynamics, Economics & 
Policy (CDDEP) to develop an evidence-based, globally applicable tool to 
support health systems in the quest to address AMR. Our Checklist for Hospital 
Antimicrobial Stewardship Programming (CHASP) is designed to help hospitals 
assess whether their antimicrobial stewardship programs (ASPs) contain core 
essential elements for success. We then leveraged the Leading Health Systems 
Network (LHSN) to validate the checklist and also provide a unique insight into 
the composition of ASPs globally.

While there is still much work to be done, I hope that this report can serve 
as a starting point for providers to assess and improve their ASPs – ultimately 
contributing to the fight against AMR.

Professor the Lord Darzi of Denham, 
OM, KBE, PC, FRS
Executive Chair, WISH, Qatar Foundation
Director, Institute of Global Health Innovation, 
Imperial College London
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EXECUTIVE SUMMARY

Antimicrobial resistance (AMR) – the reduced effective response of microor-
ganisms to antimicrobials – is a major global public health threat. Without 
effective interventions, estimates suggest that, by 2050, as many as 
10.2 million people will die every year due to antimicrobial resistant infec-
tions, 90 percent of which are expected to burden Asia and Africa.1 Though 
the causes of AMR are complex and multisectoral, inappropriate use of anti-
microbials is one of the major drivers of widespread AMR.

To address this problem, health systems around the globe have implemented 
antimicrobial stewardship programs (ASPs), defined as a bundled set of 
interventions managing the judicious use of antimicrobials. Hospital-based 
ASPs are shown to improve antibiotic use, while also reducing treatment 
cost, hospital length of stay and AMR, without compromising clinical patient 
outcomes. However, there is little consensus on a globally applicable essen-
tial checklist for ASP design, implementation and assessment.

To address this challenge, we partnered with CDDEP to develop an 
evidence-based checklist through a comprehensive literature search and review 
by a group of independent experts – the Checklist for Hospital Antimicrobial 
Stewardship Programming (CHASP). While CHASP has significant overlap with 
other high-quality ASP checklists – such as the US Centers for Disease Control’s 
(CDC’s) Checklist for Core Elements of Hospital Antibiotic Stewardship – it was 
designed to be applicable globally for both low- and high-resource settings.

To improve the applicability of CHASP and compare the composition of ASPs 
internationally, we asked members of LHSN – an international group of health 
systems and providers, hosted at Imperial College London in conjunction with 
WISH – to complete the checklist for their institutions.

Within our sample, institutions had implemented between 11 and 29 of the 
29 checklist items, with only one institution maintaining all 29. Using these 
results, combined with expert interviews and a literature review, we iden-
tified five primary barriers that hospitals face in implementing ASPs as well 
as a number of potential strategies to address these (see Table 1).
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Table 1. Summary of potential strategies for addressing barriers to 
antimicrobial stewardship program success

BARRIER POTENTIAL STRATEGY

Limited financial
resources

1. Consider a dedicated ASP financing model
2. Make use of available national or regional

 funding sources
3. Engage with global AMS funding initiatives

Absence of
hospital leadership
commitment

1. Integrate stewardship functions into job descriptions
    and annual performance reviews
2. Incorporate stewardship outcomes into key

 performance indicators
3. Galvanize commitment through a formal statement
    of management support

2. Disaggregate and share unit-specific data

4. Invest in IT integration and consider adopting
    electronic health records (EHRs) with an integrated
    clinical decision support system (CDSS)

1. Participate in the Global Antimicrobial Resistance
Surveillance System (GLASS)

3. Integrate IT-assisted signaling for priority action

Suboptimal
use of IT

1. Engage prescribers by persuasive methods
2. Improve prescribers’ access to data

Lack of
prescriber
support

1. Incorporate unit-based specialists into broad-based
    multidisciplinary ASP teams
2. Monitor and adapt ASPs for improved culture and
    interdisciplinary team dynamics

Insufficient
collaboration

1. Integrate nurse leaders into ASP decision-making

3. Tailor communication on nurses’
    stewardship involvement

2. Provide nurse-focused training for stewardship
    competencies and behavioral support of nurses

Suboptimal
engagement and
support of nurses

1. Adopt a pharmacist and nurse-led stewardship model

2. Use the ‘train the trainer’ model and ensure capacity
    building across clinicians

3. Participate in regional and global stewardship networks

Lack of expertise

While improving ASPs at the provider level is an essential step, govern-
ments, regulators and policymakers also have an important role to play at the 
regional and national level in guiding stewardship activities and establishing 
consistent, evidence-based standards. 
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Building on the actions to overcome hospital-level barriers, we recommend 
the following actions for policymakers to improve AMS and address the 
looming crisis of AMR:

1. Use CHASP as a model for developing national guidelines. In response 
to the World Health Organization’s (WHO’s) global action plan, several 
lower- and middle-income countries (LMICs) are in the process of devel-
oping national AMS guidelines for hospitals. National policymakers should 
consider incorporating CHASP items to ensure that minimum standards are 
consistent across all hospitals.

2. Ensure macro-level governance is aligned with key hospital ASP objec-
tives. For LMICs, national initiatives should ensure well-co-ordinated AMR 
surveillance systems. It is imperative to ensure that antimicrobials are 
good quality, systematically regulated and equitably priced. Countries 
worldwide would benefit from adopting elements of a network healthcare 
governance approach to better facilitate the multilevel and multisector 
engagement that the One Health framework has urgently called for.

3. Initiate robust research on ASPs. To improve hospital ASPs, more 
high-quality evidence on program structure, process and outcomes 
as well as macro-level AMS policy outcomes is essential. Lack of evidence 
fundamentally undermines strategic healthcare decision-making toward 
safeguarding antimicrobials.

4. Establish minimum staffing standards for hospital ASPs. Ensuring the 
availability of dedicated, adequately staffed stewardship teams across 
all hospitals is crucial. To do so, we must generate national or regional 
consensus on the composition, quantity and requirements of staff. Based 
on this consensus, policymakers should enact and reinforce regulatory 
measures, delineating minimum standards for sufficiently equipped and 
well-trained AMS teams.
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SECTION 1. INTRODUCTION

About LHSN

LHSN – established in 2009 and previously known as the Leading Systems 
Network while based at McKinsey & Company – is a collaborative network 
of healthcare leaders and organizations dedicated to improving healthcare 
delivery (see Figure 1). Currently based at Imperial College London, and in part-
nership with the World Innovation Summit for Health (WISH), LHSN brings 
together the best ideas, models of care, and strategies to drive sustained 
improvement to meet health priorities.

Figure 1. LHSN membership map

In 2018 LHSN dedicated its annual program to AMS, as AMR continues to be 
a serious public health problem globally.2 Throughout the year, LHSN brought 
together senior decision-makers and experts to share insights and strate-
gies to drive sustained improvement to meet AMS priorities. Network activity 
has comprised: a dedicated webinar series; network discussions; exchange 
of resources and promising practices; and participation in the CHASP survey 
assessing the core elements of hospital ASPs – the focus of this report.

More information on LHSN can be found on the LHSN website: 
www.leadinghealthsystemsnetwork.org
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Antimicrobial resistance

AMR refers to the ability of microorganisms (such as bacteria, virus, fungi and 
parasites) to overcome the effect of antimicrobials (antibiotics, antivirals, anti-
fungal and antiparasitic agents) and continue to proliferate. AMR is recognized 
as a major global public health threat, with many commonly used treatments 
for routine infections on the verge of becoming obsolete. As highlighted 
in previous WISH work, AMR affects health systems around the globe and 
across income levels.

Figure 2. Escherichia coli (E. coli) resistance to third-generation 
cephalosporins (2007–2011)

Source: McKenna M (2013)3

By 2050, it is estimated that AMR will cause 10 million deaths every year, which 
will lead to a reduction of 2 percent to 3.5 percent in gross domestic product 
(GDP) worldwide, costing up to $100 trillion.4

The causes of AMR are complex and multisectoral, spanning sanitation and 
hygiene, livestock practices, public awareness and activity, as well as health 
system action.5 Within the provider setting, inappropriate prescribing is a key 
contributor to AMR, often driven by patient demand, misaligned economic 
incentives, lack of knowledge of appropriate antimicrobial prescribing and/or 
delayed laboratory results.6

Inappropriate use (either misuse or overuse) reduces the efficacy of antimi-
crobials and results in the selection and spread of resistant strains.7 The 2017 
Organisation for Economic Co-operation and Development (OECD) report Tack-
ling Wasteful Spending on Health considered this issue the “most threatening 

No data <1% 1–5% 5–10% 10–25% 25–50% >50%
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form of wasteful clinical care”. It indicated that, within hospital tertiary care 
settings, inappropriate use constituted just under 80 percent of all antimicro-
bial consumption – as shown in Figure 3.8

Figure 3. Estimated proportion of inappropriate antimicrobial use by 
type of healthcare service

Source: OECD (2017)

Hospital-based ASPs

Hospitals and health systems employ ASPs, programs that encompass the 
management of the judicious use of antimicrobials, as a key tool to combat 
AMR.9 The main objective of stewardship programs is to promote responsible 
antimicrobial use to ensure sustainable access to effective therapies for all 
who need them.10 As antibiotic conservation is a complex issue, there is no 
one-size-fits-all approach to creating ASPs. Their composition varies based on 
resource availability, local context and setting (primary care, secondary care, 
or regional level, for example), but can span representatives from infection 
control, infectious disease, clinical microbiology, pharmacy, nursing, IT and clin-
ical champions. Activities also vary, but range from encouraging or enforcing 
antimicrobial conservation, to implementing diagnostic protocols, to raising 
awareness among clinicians and patients.11

These programs are acutely necessary and fairly widespread among hospitals 
due to the prevalence of antibiotic use, susceptible patients and high rates of 
infection transmission in the inpatient setting.12 Although not all hospitals have 
a dedicated program,13, 14 ASPs have been shown to reduce treatment costs,15 
hospital length of stay and AMR without compromising clinical outcomes of 
the patients.16, 17
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SECTION 2. CHECKLIST FOR HOSPITAL 
ANTIMICROBIAL STEWARDSHIP 
PROGRAMMING (CHASP)

Why a checklist?

While ASPs vary widely, successful programs contain a number of core elements. 
Checklists outlining these elements provide a practical way for providers to 
assess their programs and ensure that best practices are followed at scale. Inter-
nally, detailed checklists can also help all relevant stewardship personnel to align 
expectations and provide a useful addition to program auditing. When check-
lists are adopted at scale, a more reliable and accurate method of monitoring 
ASP performance can be achieved across multiple facilities. More importantly, 
evidence shows us that adopting AMS-related checklists has led to optimized 
antibiotic use in hospitals18, 19 and improved healthcare overall.20, 21

Overview of existing checklists

AMS resources recommend the use of baseline checklists to guide the prioriti-
zation and deployment of different stewardship interventions within hospitals.22 
The CDC Core Elements of Hospital Antibiotic Stewardship Programs is 
among the most cited standard sets of interventions for co-ordinated multi-
disciplinary ASPs.23–25 The CDC checklist based on these core elements was 
later launched to allow for a more systematic evaluation of the elements and 
activities initially recommended to enable improved antibiotic prescribing in 
hospitals. Many other baseline frameworks exist, including the National Institute 
for Health and Care Excellence (NICE) baseline assessment tool.26

The CDC checklist is thorough and evidence-based. However the CDC 
acknowledges that implementing all components may not be feasible in all 
hospital contexts, as the checklist was developed for high-resource settings 
(mainly in the US).27

In partnering with CDDEP to develop a checklist for this report, we sought 
to leverage a baseline set of program elements and interventions that would 
be feasible to adopt widely in all healthcare facilities, including those in 
low-resource settings. The differentiated value of CHASP is that it offers priority 
interventions for establishing ASPs in LMICs and identifying program improve-
ment areas. At the same time, CHASP provides a broadly applicable standard 
set of elements and interventions, which allows for tailored implementation and 
adaptation to higher-resource settings. CHASP would help to set an international 
baseline for ASP design and implementation standards and provide a practical 
assessment framework from which to compare programs around the world.
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CHASP development

We partnered with CDDEP to develop a checklist of the core components for 
successful ASPs, applicable to hospitals globally, regardless of resource level. 
Researchers began with a comprehensive literature review to identify references 
to AMS practices worldwide. This was cross-referenced with websites of relevant 
agencies and organizations (WHO, for example) to identify an initial list of core 
elements and checklist items. A core element was defined as a broad category 
of actions or a strategy within an ASP (for example, education), whereas check-
list items described specific actions or interventions within a core element.

Researchers then convened an independent group of AMS experts from 13 coun-
tries to review the initial list and provide two rounds of feedback to confirm a final 
list using a Delphi consensus procedure.28 The final checklist includes seven core 
elements (outlined in Figure 4) and 29 supporting checklist items, providing 
a comprehensive checklist of essential components for ASPs (see Figure 5).

Figure 4. The seven core elements of CHASP  

REPORTING AND FEEDBACK
Regular sharing of antimicrobial monitoring 

data, both of antimicrobial resistant 
infections and program components, helps 
to reinforce institution-wide learning and 
improvement. This iterative process may 

also help motivate staff participation in new 
activities to address gaps in performance. 

Access to microbiology laboratory and imaging services is 
key for promptly identifying and tracking AMR trends, while 
infectious disease and clinical microbiology expertise helps 

guide clinicians in responsible prescribing.

AVAILABLE EXPERTISE ON 
INFECTION MANAGEMENT

ACTIONS AIMED AT RESPONSIBLE
ANTIMICROBIAL USE

Stewardship programs should comprise fundamental 
activities and tools to support evidence-based practice. 
These include components such as adequate IT services, 

an established antimicrobial formulary and up-to-date 
infection management guidelines.

MONITORING AND
SURVEILLANCE

Effective stewardship requires reliable data. 
Ongoing monitoring and surveillance of 

structure, process and outcome indicators 
provides valuable insight on key program 

areas for improvement. 

Educational programs should be in place for all health 
professionals with antimicrobial prescribing responsibilities. 

This training ensures that staff are aware of, and able to
meet, the most up-to-date prescribing standards. 

EDUCATION AND PRACTICAL TRAINING

SENIOR HOSPITAL
MANAGEMENT

AND LEADERSHIP
Support from hospital executives is crucial 
to ensure the success of ASPs. Leadership 
buy-in and governance initiatives secure 
critical resources for staffing, program 

infrastructure and IT/monitoring to 
achieve sustainable outcomes.

ACCOUNTABILITY AND
RESPONSIBILITY

Formalized program structure – including clear 
roles and responsibilities, delineated program 

protocols and action plans – ensures 
accountability and measurable outcomes.
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1. Senior management leadership towards AMS

Has your hospital management formally identified AMS as
a priority objective for the institution and included it in its
key performance indicators?

1.1

Yes No

Is there a healthcare professional identified as a leader for AMS activities
at your hospital and responsible for implementing the program?

2.3

Yes No

Is there a document clearly defining roles, procedures of collaboration
and responsibilities of the AMS team members?

2.4

Yes No

Does your hospital have a formal organizational multidisciplinary
structure responsible for AMS (eg a committee focused on
appropriate antimicrobial use, a pharmacy committee, a patient
safety committee or other relevant structure)?

2.2

Yes No

1.2

Yes No

Is there dedicated and sustainable budgeted financial support for
AMS activities (eg support for salary, training or IT)?

1.3

Yes No

Does your hospital follow any (national or international) staffing
standards for AMS activities (eg number of full-time equivalent
per 100 beds for the different members of the AMS team)?

CHECKLIST FOR
HOSPITAL ANTIMICROBIAL

STEWARDSHIP PROGRAMMING*

Does your hospital have a formal, written ASP or strategy accountable
for ensuring appropriate antimicrobial use?

2.1

Yes No

2. Accountability and responsibilities
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Is there a document clearly defining the procedures of collaboration
of the AMS team/committee with the infection prevention and control
team/committee?

2.7

Yes No

Does the antimicrobial stewardship committee produce regularly
a dedicated report which includes, for example, antimicrobial usage data
and/or prescription improvement initiatives, with time-committed short-
term and long-term measurable goals for optimizing antimicrobial use?

2.6

Yes No

Are clinicians, other than those part of the AMS team (eg from the
intensive care unit, internal medicine and surgery) involved in the
AMS committee?

2.5

Yes No

Does your hospital offer a range of educational resources to support
staff training on how to optimize antimicrobial prescribing?

4.1

Yes No

Do the AMS team members receive regular training in antimicrobial
prescribing and stewardship?

4.2

Yes No

In your hospital are there, or do you have access to, trained and
experienced healthcare professionals (medical doctor, pharmacist,
nurse etc) in infection management (diagnosis, prevention and
treatment) and stewardship willing to constitute an AMS team?

3.2

Yes No

Do you have access to laboratory/imaging services and timely
results to be able to support the diagnosis of the most common
infections at your hospital?

3.1

Yes No

3. Available expertise on infection management

4. Education and practical training

Is a multidisciplinary AMS team available at your hospital (eg more
than one trained staff member supporting clinical decisions to ensure
appropriate antimicrobial use)?

5.1

Yes No

5. Other actions aimed at responsible antimicrobial use
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Does your hospital have an antimicrobial formulary (that is, a list of
antimicrobials that have been approved for hospital use, specifying
whether the drugs are unrestricted, restricted – approval of an AMS
team member is required – or permitted for specific conditions)?

5.3

Yes No

Does your hospital have available and up-to-date recommendations
for infection management (diagnosis, prevention and treatment),
based on international/national evidence-based guidelines and
local susceptibility (when possible), to assist with antimicrobial
selection (indication, agent, dose, route and duration) for common
clinical conditions?

5.4

Yes No

Does your hospital have a written policy that requires prescribers to
document an antimicrobial plan (includes indication, name, dosage,
duration, route and interval of administration) within the medical
record or during order entry for all antimicrobial prescriptions?

5.5

Yes No

Does the team review or audit courses of therapy for specified
antimicrobial agents or clinical conditions at your hospital?

5.6

Yes No

Is advice from AMS team members easily available to prescribers?5.7

Yes No

Are there regular infection and antimicrobial prescribing-focused
ward rounds in specific departments in your hospital?

5.8

Yes No

Does your hospital monitor the quality of antimicrobial use at the
unit and/or hospital-wide level?

6.1

Yes No

Does your hospital monitor antibiotic susceptibility rates for a range
of key bacteria?

6.3

Yes No

Does your stewardship program monitor compliance with one or
more of the specific interventions put in place by the stewardship
team (eg indication recorded in the medical notes for all
antimicrobial prescriptions)?

6.2

Yes No

6. Ongoing monitoring and surveillance

Does your hospital support the AMS activities/strategy with adequate
information technology services?

5.2

Yes No
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Does your hospital monitor the quantity of antimicrobials prescribed,
dispensed or purchased at the unit and/or hospital-wide level?

6.4

Yes No

Does your stewardship program share hospital-specific reports
on the quantity of antimicrobials prescribed, dispensed or purchased
with prescribers?

7.1

Yes No

Does your stewardship program share facility-specific reports
on antibiotic susceptibility rates with prescribers?

7.2

Yes No

Are results of audits and reviews of the quality or appropriateness
of antimicrobial use communicated directly with prescribers?

7.3

Yes No

7. Regular reporting and feedback

* Translations – Arabic, Mandarin, Portuguese and Spanish – are available online at the LHSN website:
www.leadinghealthsystemsnetwork.org/chasp

Source: Pulcini C et al. (2018)29
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SECTION 3. APPLYING CHASP ACROSS 
LHSN MEMBERSHIP

Approach

We surveyed an international group of LHSN member institutions to test 
the ASP checklist for usability and also gather insight on a variety of interna-
tional ASP configurations. The survey sample comprises a diverse geographic 
community of leading healthcare institutions representing nine countries 
(as shown in Figure 5).

Ten institutions are based in high-income countries, while two are in LMICs. 
Ten institutions are public and two are private. The sample size includes 
teaching and non-teaching hospitals with various ASP team models. More 
information on participants can be found in the online appendix available 
on the LHSN website.

We distributed CHASP as an internet-based questionnaire to ASP leaders or 
pharmacist prescribers from March to April 2018. Each question had a space 
for respondents’ comments. After careful review of the 12 survey responses, 
clarification was requested regarding the question on funding for ASP activi-
ties, since three institutions responded with ‘no’. Those who responded to this 
question with ‘yes’ also commented that there was a dedicated budget allo-
cation, although it was insufficient for all ASP activities. Therefore, respondents 
indicating ‘no’ were able to clarify whether this also applied to their local ASP.
Two confirmed that they have dedicated, yet insufficient, funding. Based on 
this feedback, the word ‘sufficient’ was removed from the initial checklist item. 
When participants were requested to indicate if additional essential items 
should be considered, they did not recommend any additional items.

Results

This section provides an overview of CHASP responses from our sample of LHSN 
member institutions, broken down across each of the seven core elements.

http://www.leadinghealthsystemsnetwork.org/research
http://www.leadinghealthsystemsnetwork.org/research
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Figure 5. CHASP participants
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Vancouver Coastal Health (VCH) is a publicly funded regional health authority in British Columbia (BC) with a network
of hospitals, primary care clinics, community health centers and residential care homes. VCH provides healthcare
services in Vancouver, Richmond, North and West Vancouver and along the Sea-to-Sky Highway, Sunshine Coast and
BC's Central Coast.

11 Vancouver Coastal Health, Canada

The Sherbrooke University Hospital Center (CHUS) is the fourth largest hospital in Quebec and the local hospital for
Sherbrooke residents. It provides specialized and ultra-specialized care to the entire population of the Eastern Townships.
In addition, CHUS has provided ultra-specialized care in cardiology, neurosurgery, medical and surgical oncology, and
neonatology to people from the Centre-du-Québec and part of the Montérégie regions. CHUS offers services to about
one million people.

3 CIUSSS de l’Estrie – CHUS, Canada

Based in India, Apollo Hospitals is a  private integrated healthcare provider, with 70 hospitals, over 100 primary care
clinics and 3,000 pharmacies.  Other services in the spectrum include primary care, diagnostic clinics, telemedicine,
health insurance, research, medical education and nursing education.

1 Apollo Hospitals, India (units at Delhi, Chennai and Hyderabad as participants in this report)

Hospital A is a public hospital based in Latin America, providing care to a population of approximately 1.4 million.
5 Hospital A, Latin America

Hong Kong Hospital Authority (HKHA) manages Hong Kong’s public hospitals and is responsible for delivering
people-centered preventative, curative and rehabilitative healthcare services.

4 Hong Kong Hospital Authority, Hong Kong

Ballarat Health Services is a public hospital serving the Ballarat and Grampians region of Victoria, Australia, offering
acute care, sub-acute care, residential care, community care, psychiatric services, and rehabilitation services.
It encompasses the base hospital, the nearby Queen Elizabeth Centre, and 13 off-site facilities in the surrounding area.

2 Ballarat Health Services, Australia

St Vincent's Hospital Melbourne (SVHM) is part of the St Vincent’s Health Australia group of companies, Australia’s largest
not-for-profit Catholic health and aged care provider, operating in six public hospitals, nine private hospitals and 17 aged
care facilities in Queensland, New South Wales and Victoria. SVHM encompasses the Fitzroy campus, St George's Hospital
and Caritas Christi. Areas of expertise include neurosurgery, cardiothoracic surgery, renal transplantation, inflammatory
bowel disease, cancer, critical care and emergency services, drug and alcohol services and palliative care.

9 St Vincent’s Hospital Melbourne, Australia

Waitemata District Health Board (DHB) serves the communities of Rodney, North Shore and Waitakere. With more
than 580,000 people, it is the largest New Zealand DHB by population. It provides secondary hospital and community
services from North Shore and Waitakere hospitals and 30 community sites throughout the district.

12 Waitemata District Health Board, New Zealand

Hospital B is a public hospital based in Asia and provides over 23 medical services, including general surgery, internal
medicine, cardiology, otorhinolaryngology and orthopedic surgery. It encompasses six specialist centers.

6 Hospital B, Asia

University Hospitals of Leicester NHS Trust (UHL) serves the one million residents of Leicester, Leicestershire and
Rutland – and provides increasingly specialist services over a much wider area. Specialist treatment and services in
cardiorespiratory diseases, extracorporeal membrane oxygenation, cancer and renal disorders reach a further two
to three million patients from the UK.

10 University Hospitals of Leicester NHS Trust, UK

Imperial College Healthcare NHS Trust (ICHNT) provides acute and specialist healthcare for a population of nearly two
million people in North West London, and more beyond. It encompasses five hospitals – Charing Cross, Hammersmith,
Queen Charlotte’s & Chelsea, St Mary’s and Western Eye – as well as a growing number of community services.

7 Imperial College Healthcare NHS Trust, UK

Sidra Medicine is a private academic medical center based in Doha, Qatar, specializing in care for women and children.
It was formed as an initiative of the Qatar Foundation and is affiliated with the Weill Cornell Medical College in Qatar. 

8 Sidra Medicine, Qatar

7
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1. Senior management leadership towards AMS

Figure 6. Aggregated responses of 12 institutions on hospital 
management and leadership

Within our sample, we found an overall high level of support for ASPs from 
hospital leadership across two of the three core elements. All but two insti-
tutions (83 percent) indicated that AMS is a key performance indicator in their 
institution, and nine out of 12 (75 percent) have dedicated funding for their ASP. 
Uninterrupted financial support allows for smooth implementation of ASP activ-
ities. However, it is important to note that the minimum or ideal level of financial 
support is unknown.30

Only three of the institutions sampled (Apollo Hospitals, CIUSSS de l’Estrie – 
CHUS and Hospital B) have staffing standards for ASPs, representing an area for 
improvement. Among all 29 checklist items, following staffing standards was 
the least common component across all institutions surveyed. Despite their key 
role in optimizing the management of infections, this finding is consistent with 
trends in most countries, where stewardship program teams are commonly 
not formed or remain understaffed.31
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2. Accountability and responsibilities

Figure 7. Aggregated responses of 12 institutions on accountability 
and responsibilities of ASP teams

Five institutions in our sample (Apollo Hospitals, HKHA, ICHNT, Sidra Medicine 
and SVHM) maintain all of the checklist items for accountability and responsibil-
ities, while six hospitals maintain only four of the seven.

Nine out of 12 institutions maintain a formal ASP strategy, though these results 
do not indicate the extent to which strategies are implemented. Formal ASP 
strategies should include a regularly updated document with planned activities 
and monitored activity findings to ensure appropriate antimicrobial use.
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While all institutions (100 percent) indicated that they have a multidiscipli-
nary structure for their ASP committee and an ASP leader for implementing the 
stewardship activities, some gaps remain. About two-thirds of institutions indi-
cated possessing:

1. a document defining the roles of ASP team members, healthcare profes-
sionals other than those part of the antibiotic stewardship team (for 
example, from the intensive care unit, surgery or nursing personnel) involved 
in the antibiotic stewardship committee; and

2. a dedicated report produced by the ASP committee.

Only slightly more than half of participants maintain a document defining 
procedures to guide collaboration between the stewardship team and the 
infection prevention and control (IPC) team. Having clearly defined procedures 
between the ASP team, including surgeons and the IPC team, is imperative to 
prevent gaps in antibiotic decision-making. Ambiguity of responsibility in the 
perioperative phase of surgery can also lead to poor choice, timing and dose 
of prophylaxis, resulting in poor health outcomes.32

3. Available expertise on infection management

Figure 8. Aggregated responses of 12 institutions on availability of 
expertise on infection management
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With the exception of Hospital A (which does not have access to diagnostic 
services), our sample institutions all maintain both items in the core element of 
expertise on infection management. Having sufficient numbers of healthcare 
professionals with appropriate education and training is crucial to provide ASP 
services, as is access to laboratory services to support the timely diagnosis of 
infections. While LHSN member participants perform well in this dimension, 
it is worth noting that resource-constrained hospitals and those in remote 
areas may not have ready access to these items.

4. Education and practical training

Figure 9. Aggregated responses of 12 institutions on education and 
practical training

Comprehensive and up-to-date education is essential to influence prescribing 
behavior and also increases the support for, and acceptance of, stewardship 
strategies. Within our sample, nine out of 12 (75 percent) institutions confirmed 
that educational resources for optimizing antimicrobial prescribing are avail-
able to their prescribers, whereas only seven out of 12 (58 percent) indicated 
that their ASP team members receive regular training in infection manage-
ment and antimicrobial prescribing. It is important to note that regular training 
is often not offered by individual hospitals but rather by regional, national 
or international authorities. It is therefore critical for hospital leadership to 
support and encourage employees to regularly attend these sessions.
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5. Other actions aimed at responsible antimicrobial use

Figure 10. Aggregated responses of 12 institutions on actions aimed 
at responsible antimicrobial use

Overall, the institutions in our sample maintain many of the actions aimed at 
responsible antimicrobial use, with five of the 12 hospitals having all eight 
checklist items. Nearly all (92 percent) institutions indicated having multidisci-
plinary ASP teams, auditing by an ASP team, easy access to the ASP team and 
an antimicrobial formulary. A large majority (83 percent) of institutions reported 
having up-to-date recommendations on infection management for common 
clinical conditions, whereas eight out of 12 (67 percent) reported having ward 
rounds focused on antimicrobial prescribing, policies on documenting antimi-
crobial plans by prescribers and adequate IT services to assist AMS activities. 
These items, particularly ward rounds focused on antimicrobial prescribing, 
represent an opportunity for ASP champions to raise the profile of AMS and 
provide informal training to supplement formal educational resources.
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As echoed in the previous section, our sample is also skewed towards 
high-resource environments. Hospital A, one of two institutions located in 
LMIC, has only two of the items in this core element.

6. Ongoing monitoring and surveillance

Figure 11. Aggregated responses of 12 institutions on monitoring 
and surveillance

Eight of the 12 institutions in our sample maintain all checklist items related 
to monitoring and surveillance. Also, all institutions monitor the quantity of 
antimicrobials prescribed, and 11 out of 12 monitor resistance rates of key 
bacteria. This finding is unsurprising, given that many institutions are required, 
either by state or national regulations, to report on these items.

Interestingly, however, fewer institutions (75 percent) monitor compliance with 
specific interventions designated by their ASP teams. Monitoring program 
compliance along with other process indicators allows hospitals to ensure that 
they are meeting their goals, while identifying areas for program improvement.
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7. Regular reporting and feedback

Figure 12. Aggregated responses of 12 institutions on reporting 
and feedback

While most (11 out of 12) hospitals share individual feedback from audits and 
reviews on the quality of antimicrobial prescribing directly with prescribers, 
only seven out of 12 institutions share hospital-specific reports on antimi-
crobial susceptibility rates and the quantity of antimicrobials prescribed in 
their hospital.

As shown in Figure 11, all of the hospitals in our sample already monitor the 
quantity of antimicrobials prescribed in their institutions; reporting this informa-
tion to prescribers represents an easy, low-cost way to raise awareness of AMS.

Q
ua

nt
it

y 
of

 a
nt

im
ic

ro
bi

al
s

pr
es

cr
ib

ed
 in

 h
os

pi
ta

ls
 a

re
sh

ar
ed

 w
it

h 
pr

es
cr

ib
er

s

H
os

pi
ta

l a
nt

ib
io

ti
c

re
si

st
an

ce
 r

at
es

 a
re

 s
ha

re
d

w
it

h 
pr

es
cr

ib
er

s

Fe
ed

ba
ck

 t
o 

pr
es

cr
ib

er
s

on
 a

nt
im

ic
ro

bi
al

 a
ud

it

Hospital A

Apollo Hospitals

HKHA

CIUSSS de l'Estrie – CHUS

ICHNT

VCH

Sidra Medicine

SVHM

Hospital B

Waitemata DHB

UHL

Ballarat Health Services



25LEADING HEALTH SYSTEMS NETWORK

Key findings

Figure 13. Number of checklist items present at each institution that 
participated in the survey

Four checklist items were present in all institutions that participated 
in the survey:

1. Multidisciplinary structure for ASP

2. Identified leader for ASP

3. Access to trained healthcare professionals for infection management

4. Monitoring of the quantity of antimicrobials prescribed.

In contrast, no single checklist item was absent in all institutions that partic-
ipated in the survey, indicating that these checklist items are practical and 
could be implemented in hospital ASPs worldwide.

Overall, 11 checklist items were identified to be absent in at least one-third 
of the institutions that participated in this survey (Figure 14), highlighting key 
areas for potential improvement. The presence of staffing standards was the 
least common element in the survey, highlighting a need for a wider consensus 
on the ideal structure for antimicrobial stewardship teams. Similarly, documents 
that clearly define roles within teams and ways of working across teams were 
also absent in a number of institutions. Other gaps relate to a number of factors, 
including IT services, information sharing and training.

Apollo Hospitals

Hospital A

HKHA

Ballarat Health Services

ICHNT

UHL

Sidra Medicine

CIUSSS de l'Estrie – CHUS

SVHM

Hospital B

Waitemata DHB

VCH

Yes No

0 29252015105

Number of checklist items



26 LEADING HEALTH SYSTEMS NETWORK

Figure 14. Checklist items absent in at least one-third of the institu-
tions in the survey

Several interlinking factors contribute to program development and the feasi-
bility of implementing a comprehensive antimicrobial stewardship strategy, 
from resource availability to access to a well-trained workforce. Hospitals, 
particularly with limited resources, face a number of barriers to implementing 
evidence-based, comprehensive ASPs. We explore these issues in the next 
section (Section 4. Improving antimicrobial stewardship at the hospital level) 
and provide some suggested actions to overcome these barriers.

Limitations

There are some limitations that should be considered when interpreting the 
survey results. First, although the participating institutions were from nine 
different countries, the sample size of 12 institutions is small. A different panel 
composition could always lead to contrasting results. Therefore, a more robust 
process with a larger sample size could have led to differences in the final 
modification of the recommended checklist items and wider variation in ASP 
structure. Second, it was not possible to independently verify the accuracy of 
all responses provided by the participating institutions. The extent to which 
there is fidelity in the implementation of certain checklist items is unknown. 
It is also important to recognize the limited representation of LMICs among 
the surveyed institutions.

Adequate IT services

Ward rounds focused on antimicrobial prescribing

Other speciality clinicians in ASP committee

Policy on documenting an antimicrobial plan

Document defining roles of ASP team members

Hospital antibiotic resistance rates shared
with prescribers

Quantity of antimicrobial prescribed shared
with prescribers

Report from ASP committee

ASP team receives regular training in
antimicrobial prescribing

Document defining collaboration of ASP with ICC

Staffing standards for ASP

Yes No

0 10080604020

Percentage



27LEADING HEALTH SYSTEMS NETWORK

SECTION 4. IMPROVING ANTIMICROBIAL 
STEWARDSHIP AT THE HOSPITAL LEVEL

Overview

AMS is one of the key tools healthcare providers can employ in the fight against 
AMR. While there is no ‘perfect’ model for ASPs, it is clear that we must improve 
if we are to stem the spread of AMR.

Building on the data from the LHSN member survey, we discussed results with 
participants and probed on reasons why key components of hospital-level 
ASPs are not fully implemented. We uncovered a series of implementation 
barriers, common across systems and geographies, and complemented these 
findings with insights from a literature review. Finally, we collected evidence 
for addressing the barriers, at the hospital level, from the literature and LHSN 
participating institutions. The result is a summary of the common barriers 
to comprehensive ASP implementation and an action plan to overcome them.

Figure 15. Barriers to hospital-based ASP success

Lack of
expertise

Limited financial
resources

Absence of hospital
leadership

commitment

Insufficient
collaboration
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Table 2. Action plan to tackle ASP barriers

Addressing barriers

Barrier 1. Lack of expertise

Lack of available experts is one of the greatest barriers to running an ASP.33 
Although having an infectious disease (ID) specialist and ID pharmacist may 
be ideal, they are not always available at healthcare facilities around the world. 
Improvements to antimicrobial use is difficult to achieve without well-trained 
experts. ID professionals lead the development of hospital guidelines34 and 
provide clinical guidance on diagnostic evaluation and treatment of infectious 

BARRIER POTENTIAL STRATEGY

Limited financial
resources

1. Consider a dedicated ASP financing model
2. Make use of available national or regional

 funding sources
3. Engage with global AMS funding initiatives

Absence of
hospital leadership
commitment

1. Integrate stewardship functions into job descriptions
    and annual performance reviews
2. Incorporate stewardship outcomes into key

 performance indicators
3. Galvanize commitment through a formal statement
    of management support

2. Disaggregate and share unit-specific data

4. Invest in IT integration and consider adopting
    electronic health records (EHRs) with an integrated
    clinical decision support system (CDSS)

1. Participate in the Global Antimicrobial Resistance
Surveillance System (GLASS)

3. Integrate IT-assisted signaling for priority action

Suboptimal
use of IT

1. Engage prescribers by persuasive methods
2. Improve prescribers’ access to data

Lack of
prescriber
support

1. Incorporate unit-based specialists into broad-based
    multidisciplinary ASP teams
2. Monitor and adapt ASPs for improved culture and
    interdisciplinary team dynamics

Insufficient
collaboration

1. Integrate nurse leaders into ASP decision-making

3. Tailor communication on nurses’
    stewardship involvement

2. Provide nurse-focused training for stewardship
    competencies and behavioral support of nurses

Suboptimal
engagement and
support of nurses

1. Adopt a pharmacist and nurse-led stewardship model

2. Use the ‘train the trainer’ model and ensure capacity
    building across clinicians

3. Participate in regional and global stewardship networks

Lack of expertise
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diseases, including difficult-to-treat pathogens, complicated infections and 
AMR. Poor quality data also largely inhibits ASP teams and relevant clinicians 
from developing an adequate level of expertise.

Actions
1. Adopt a pharmacist and nurse-led stewardship model

Though many institutions only target medical prescribers in training initia-
tives,35 it is important to optimize the contribution of nursing and pharmacy 
professionals within AMS activities, especially in resource-limited settings. 
As attested in South Africa’s Netcare Group model involving ‘quick wins’, 
a pharmacist and nurse-led stewardship model has promising potential for 
scaling up across other LMICs facing limited expertise in urban and rural 
settings.36, 37 However, commitment from public authorities, hospital senior 
management and clinicians is essential for making this shift successful.

2. Use the ‘train the trainer’ model and ensure capacity building 
across clinicians
‘Train the trainer’ models, wherein staff are not only given training within 
a discipline but also the tools to independently train others, have been 
successfully employed to support the development of ASP leaders.38 
Involving other health professionals, including nurses, in these programs 
is also particularly useful in environments with limited human resources. 
Extending training activities on AMR and stewardship competencies to all 
clinical staff will maximize existing resources and collaboration to more 
effectively meet stewardship needs.

To bridge gaps in expertise, stewardship training should link learning to ward 
rounds, interventions in clinical settings and available resistance data.39 This 
will allow AMS teams in resource-limited settings to better analyze the existing 
data to identify areas for data quality improvement and continued targeted 
data training.40 Open-ended online courses41 on stewardship designated for 
healthcare professionals are an important resource42 for complementing, 
rather than replacing, targeted training using local data and context.43, 44

3. Participate in regional and global stewardship networks
Access to AMS networks presents a valuable opportunity.45, 46 Comparison of 
international responses and exchange of experiences can help stewardship 
leaders gain new practical insights and achieve a better mix of ASP inter-
ventions that are more conducive to sustainable and resilient programs.47 
Cross-national networks and collaborations have served to catalyze formal-
ized global mentoring programs,48 such as the UK’s Fleming Fund which 
addresses surveillance issues.
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Barrier 2. Limited financial resources

As reported by most LHSN participating institutions, ASP funding was largely 
not considered to be sufficient. Limited financial resources are among the top 
challenges to developing sustainable hospital stewardship, especially in LMICs.49 
Achieving sustainable implementation of ASPs requires financial support to 
provide adequate human resource, laboratory infrastructure,50 IT tools, reporting 
mechanisms and educational resources.51–53 Sufficient numbers of well-qualified 
stewardship personnel are essential for day-to-day performance. Invest-
ment in IT is critically important to track ASP interventions and outcomes and 
enable evidence-based decision-making. Investment in additional resources, 
including education and training, is also valuable. However, allocating addi-
tional resources, either through new or existing funding, is often difficult.

Actions
1. Consider a dedicated ASP financing model

Traditionally, stewardship financing, resources and programming have 
merged into existing institutional structures and mechanisms for infection 
control. However, stewardship programs in the US and Canada have sought 
separate, dedicated program budgets to ensure the prioritization of stew-
ardship needs within overall resource allocation.54, 55 As Canada’s Alberta 
Health Services’ experience demonstrates, pitching a robust business case56 
for dedicated funding can positively sway financial decision-making. Making 
the case for individual institutions, rather than relying solely on region-wide 
funding can also be helpful.57

2. Make use of available national or regional funding sources
While availability varies by country and setting, there are often regional- 
or national-level budgets available to hospitals and individual providers to 
support key strategic targets. In the UK, for example, to combat the rise 
of AMR and Clostridium difficile (C. difficile) infections,58, 59 the Department 
of Health granted a three-year funding initiative of £12 million for hospital 
pharmacies to update anti-infection guidelines, introduce joint ward rounds, 
establish surveillance and audits, and expand education opportunities.60 
Applying for this type of funding allows hospitals to expand or improve 
their program activity without directly allocating more resources at the 
institutional level.

3. Engage in global AMS funding initiatives
Hospitals and health systems in LMICs should explore financing oppor-
tunities provided by the Fleming Fund, a UK Government aid program 
supporting LMICs to address priorities in tackling AMR through country and 
regional grants and a fellowship scheme. The fund supports surveillance 
and capacity-building for human resources and laboratory infrastructure. 
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AMS funding initiatives such as this bring benefits to countries collectively, 
as they share surveillance data to better understand the scale and scope 
of AMR globally.

Barrier 3. Absence of hospital leadership commitment

The robustness and long-term sustainability of stewardship programming is 
greatly compromised by limited commitment of senior hospital management 
leaders, including hospital executives and board trustees. These personnel 
play a pivotal role in securing critical stewardship resources, such as human, 
financial and IT resources. Lack of buy-in from ASP committee leaders can also 
derail program success, as these figures exert a great deal of influence over the 
staff responsible for implementing ASP initiatives. Vocal and clear support from 
hospital and AMS committee leaders is essential for the success of any stew-
ardship program in any setting.

Actions
1. Integrate stewardship functions into job descriptions and annual 

performance reviews
As advocated by the CDC, clearly delineating stewardship tasks within job 
descriptions and evaluation criteria of key leaders is one concrete struc-
tural strategy to increase staff awareness, responsibility and accountability 
for ASP objectives.61 However, hospital leaders must balance this account-
ability while still encouraging involvement from those that may be less 
directly accountable for ASP activity. As staff are likely faced with multiple 
commitments, it is critical to incentivize meaningful involvements in ASP 
design and implementation.62

2. Incorporate stewardship outcomes into key performance indicators
Regularly reporting on stewardship program inputs, processes and 
outcomes at hospital board meetings will help leaders63 prioritize steward-
ship activities and draw more attention to gaps in performance. Similarly, 
regular ASP progress briefings at senior management meetings may help 
incentivize leaders to support and prioritize the establishment of new poli-
cies for new ASP components.64 This should ultimately lead to incorporating 
stewardship into accountability documents, technology initiatives and plans 
for budgets, infection prevention, performance improvement and strategy.65

3. Galvanize commitment through a formal statement of management support
The CDC also recommends formal statements in support of ASPs.66 
They can complement other leadership commitment initiatives by rein-
forcing the magnitude of strategic importance hospitals place on aligning 
institution-wide leaders for rational antimicrobial use.
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Barrier 4. Insufficient collaboration

Including a multidisciplinary ASP team is an important stewardship program 
standard. However, multidisciplinarity alone has not always by default gener-
ated a broad-based, collaborative, committed and interdisciplinary team 
dynamic.67 Traditional top-down ASP governance approaches can create 
distrust and tension among different hospital stewardship personnel. As noted 
by WHO and the CDC, cross-disciplinary engagement 68, 69 and awareness 
of the AMS agenda continues to be lacking among international non-infection 
specialist prescribers who are accountable for high rates of antimicrobial use.70 
These issues can fail to produce an optimal supportive organizational climate 
for effective program performance.71–73

Actions
1. Incorporate unit-based specialists into broad-based multidisciplinary 

ASP teams
Providers from high-resource settings reported that including unit-based 
specialists within ASP team leadership better facilitates the dissemina-
tion and adoption of ASP guidelines.74 As key contributors to stewardship 
program committees, members are more likely to feel ownership of, and 
commitment toward, stewardship implementation and outcomes, ulti-
mately serving as champions for the program in hospital ward units.

2. Monitor and adapt ASPs for improved culture and interdisciplinary 
team dynamics
Well-functioning relationships between clinicians, laboratory staff and 
facility management are imperative to the success of any multidisciplinary 
program, including ASPs. Insights into the perceptions, attitudes and inter-
actions of all staff should help guide and shape improvement interventions.75

ASP leaders should aim to improve collaboration across teams by incorpo-
rating elements of program regulation with persuasion and ‘nudge’ policies 
(to encourage best practice), as opposed to focusing on dictating rules 
and monitoring compliance.76–78 To complement this, providing space for 
debates that allow ASP members to revisit and re-evaluate evidence and 
guidelines can help improve cross-functional engagement.

In high-income settings, organizational leaders should consider employing 
more staff than necessary, (organizational slack) in different forms, as it 
allows leaders to learn and adjust the ways the stewardship program inte-
grates into existing priorities, structures and team dynamics to attain its 
objectives.79 For example, high-quality hospitals in high-resource settings 
have often demonstrated a tendency to use organizational slack compared 
to low-quality hospitals. This ‘slack resource’ can help improve trust and 
encourage a consistent culture.80
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Barrier 4.1 Lack of prescriber support

Certain prescriber groups have struggled with their involvement in ASP 
protocols and activities,81 which has led to limited compliance with ASP guide-
lines.82, 83 This is partially due to perceiving stewardship programs as restrictive, 
heavy-handed and ‘pushed’ from an external agenda.84, 85

Actions
1. Engage prescribers by persuasive methods
Both persuasive and restrictive approaches to improving hospital-based anti-
biotic prescribing practices have been shown to alter prescribing habits and 
reduce total hospital infections.86 However, qualitative evidence demon-
strates comparative advantages to engaging prescribers through persuasive 
methods. Persuasive techniques used in Japan, for example, include voluntary 
surveillance, education, training, a local consensus process, advice, auditing 
and feeding back.87

Within hospital settings, appointing or actively involving prescribers from 
a range of specialties, such as surgery and critical care units, to contribute to 
key stewardship measures ensures appropriate buy-in and greater likelihood of 
adherence to these standards.88, 89 To complement this strategy, stewardship 
leaders may also consider implementing a regular mechanism of consulta-
tion with hospital unit specialists for promoting agreement on unit-specific 
guidelines.90 Appointing a dedicated and engaged ASP leader to work closely 
with prescribers is another important strategy to consider for incentivizing 
prescribers to improve long-standing prescribing practices.

2. Improve prescribers’ access to data
Prescribers are likely to become more engaged when given greater access to 
routine clinical and laboratory data.91–94 By using an infection intelligence plat-
form, prescribers in Scotland, for example, were able to examine the effects 
of the stewardship program and adjust activity to improve.95 Organizational 
leaders should closely examine prescribers’ level of awareness and access to 
data within their local stewardship programs. Similar recommendations have 
emanated from LMIC contexts, such as Vietnam, where quality data is not 
available to demonstrate an association between ASP initiatives and patient 
care improvements.96

Barrier 4.2 Suboptimal engagement and support of nurses

In several health settings, AMS strategies often miss an important opportunity 
to optimize the role of nurses in AMS interventions.97 As prescribers and profes-
sionals routinely involved in essential care and management relevant to AMS 
objectives, a nurse-focused approach can help reduce antimicrobial use while 
also ensuring compliance with quality care standards.98 They play pivotal roles 
in ensuring that prescribers review daily antimicrobials once specimen results 
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become available and suggesting the review of the daily dose requirements for 
devices, such as urinary catheters.99, 100 However, several barriers inhibit nurses 
in optimizing the use of antimicrobials, ultimately restricting their ability to effi-
ciently and effectively influence program objectives and health outcomes.

1. Nurses are excluded from ASP teams and antimicrobial therapy 
decision-making, despite their demonstrated contribution to stewardship 
objectives.101–103

2. Nurses are inhibited or unmotivated to improve relevant antimicro-
bial outcomes as they may not recognize AMS-associated tasks as being 
within their remit.104

3. Nurse stewardship evolves into a siloed, parallel AMS team, restricting 
synergetic, efficient and complementary efforts to achieve ASP goals.105

While the role of nurses may not be regularly acknowledged in ASP guidelines, 
nurses fundamentally contribute to stewardship activities and outcomes.106–109

Actions
1. Integrate nurse leaders into ASP decision-making

Enabling regular consultation or representation of nurses within a broad-
based multidisciplinary AMS team is essential to ASP improvements. 
Integrating nurse leaders in the stewardship team is one strategy that can 
strengthen the overall interprofessional and interinstitutional dynamic of 
the program, as their role is well-positioned to address any fragmented 
stewardship efforts.110

2. Provide nurse-focused training for stewardship competencies and 
behavioral support of nurses
Identifying and addressing gaps in stewardship competencies among 
nurses111 would help to incentivize and justify wider training of nurses within 
stewardship programs.

For nursing roles, in particular, behavioral support activities and tools such 
as scripted dialogue support can improve discussions with prescribers on 
guideline compliance. By promoting awareness of these types of training 
and tools among the wider ASP, prescribers can also better align their expec-
tations and receptiveness to accept proactive nurse behaviors. In the long 
term, these initiatives can incentivize institutional cultures that welcome more 
assertive and empowered nurse behavior and, ultimately, improve quality.112
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3. Tailor communication on nurses’ stewardship involvement
ASP leaders should also consider adopting messages about AMS and AMR 
tailored to the variety of ASP professionals.113 To improve receptiveness 
among nurses, they should position ASP tasks as supporting nurses’ unique 
contribution to optimal quality person-centered care.114

Barrier 5. Suboptimal use of IT

Limited data analysis support restricts tracking antibiotic use, feedback 
to prescribers and reporting meaningful outcomes.115–117 Stewardship software 
programs alone have not always delivered the necessary quality data to meet 
provider needs. In the US, physicians and pharmacists reported that the data 
on antimicrobial use produced at their facility was often among the most diffi-
cult to read as it did not readily offer essential, unit-specific insight on the 
effects of antibiotics on AMR outcomes.118

Providers have also struggled to adapt and integrate multiple sources of IT 
effectively to meet the contextual, timely, interprofessional and interinstitutional 
demands of stewardship programming.119, 120 Limited interoperability across 
software systems has directly impacted on the quality of communication and 
cross-ward collaboration. Dedicated software programs for clinical microbi-
ology, pharmacy, AMS, CDSS and EHRs often fulfill distinct stewardship needs 
independently or with limited interoperability.121

Actions
1. Participate in the Global Antimicrobial Resistance Surveillance 

System (GLASS)
LMICs with laboratory infrastructure and reporting mechanisms may stand 
to benefit from joining GLASS. In a collaboration supported by WHO, GLASS 
provides a standardized approach to the collection and analysis of AMR 
data by enabling the creation of national AMR surveillance systems capable 
of monitoring AMR trends and producing reliable and comparable data.122

2. Disaggregate and share unit-specific data
Some programs have greatly benefited from using datasets tailored to each 
unit of AMS practitioners or individual prescribers, as opposed to aggre-
gated hospital data. The ward-specific datasets can provide a critical 
picture of process, performance and outcome measures while also deliv-
ering a comparative benchmark of prescriber performance.123

3. Integrate IT-assisted signaling for priority action
An innovative use of stewardship IT in American healthcare settings involves 
adopting live reminders, which rapidly identify and signal suboptimal 
management of antimicrobials, and prompt timely communication among 
relevant practitioners.124 The alerts are used to announce microbiological 
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results, which require increased antimicrobial use, as well as flagging infec-
tious disease syndromes. Frontline providers suggest that the IT-assisted 
signaling delivers gains in efficiency. However, large numbers of reminders 
have been associated with ‘alert fatigue’. Therefore, monitoring and 
adapting alert priorities to team dynamics would be required.

4. Invest in IT integration and consider adopting EHRs with an 
integrated CDSS
When possible, adopting an all-in-one IT system or customizing the inte-
gration of existing IT systems may be the ideal solution to allow for more 
efficient sharing of key clinical decision-making information.125 Various 
studies conducted in the US reveal the benefit of adopting EHRs with an 
integrated CDSS, given that it demonstrates improvement to ASP in daily 
tasks, patient care and cost savings.126–131 Implementation requires sizeable 
funding, skilled IT staff, leadership commitment, AMS team acceptance, 
lengthy system customization and IT integration. However, team training 
can improve usability.132

For lower resource settings in particular, mobile app technology offers 
opportunities to improve data linkage and access data immediately.133 
However, a robust governance framework with data security considera-
tions and careful assessment of applications under review is required. 
This is because many apps risk patient safety and privacy if the informa-
tion is outdated, inaccurate or insecure. It may also lead to fragmentation 
of clinical practice when too many apps are involved in an ASP.134
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SECTION 5. RECOMMENDATIONS 
FOR POLICYMAKERS

While improving antimicrobial stewardship programs at the provider level is an 
essential step, hospitals do not operate in siloes, and individual provider action 
is not sufficient. Sanitation and hygiene, livestock practices, public awareness 
and other health system actors, such as primary care providers, all affect the 
progression of AMR. Within the health sector, governments, regulators and 
policymakers have an important role to play at the regional and national level 
in guiding stewardship activities and standards to support hospital activities.

Building on the actions to overcome barriers at the hospital level, in concert 
with wider One Health initiatives, we recommend the following actions for 
policymakers to aid in addressing the looming crisis of AMR:

1. Use CHASP as a model for developing national guidelines
In response to WHO’s global action plan, several LMICs are in the process 
of developing national AMS guidelines for hospitals. National policymakers 
should consider incorporating CHASP items to ensure that minimum stand-
ards are consistent across all hospitals.

2. Ensure macro-level governance is aligned with key hospital ASP objectives
For LMICs, national initiatives should ensure well-co-ordinated AMR surveil-
lance systems. It is imperative to ensure that antimicrobials are good quality, 
systematically regulated and equitably priced. Countries worldwide would 
benefit from adopting elements of a network healthcare governance 
approach to better facilitate the multilevel and multisector engagement 
that the One Health framework has urgently called for.

3. Initiate robust research on ASPs
To improve hospital ASPs, more high-quality evidence on program struc-
ture, process and outcomes as well as macro-level AMS policy outcomes is 
essential. Lack of evidence fundamentally undermines strategic healthcare 
decision-making toward safeguarding antimicrobials.

4. Establish minimum staffing standards for hospital ASPs
Ensuring the availability of dedicated, adequately staffed stewardship 
teams across all hospitals is crucial. To do so, we must generate national or 
regional consensus on the composition, quantity and requirements of staff. 
Based on this consensus, policymakers should enact and reinforce regu-
latory measures, delineating minimum standards for sufficiently equipped 
and well-trained AMS teams.



38 LEADING HEALTH SYSTEMS NETWORK

ACKNOWLEDGMENTS

This report was written by Mary Helen Ribeiro Pombo, Institute for Global 
Health Innovation, Imperial College London and Didi Thompson, Director 
of Content, WISH, in partnership with a team from the Center for Disease 
Dynamics, Economics & Policy (CDDEP), which included Dr Sumanth Gandra, 
Dr Anjana Sankhil Lamkang, Professor Ramanan Laxminarayan, and Professor 
Céline Pulcini, Université de Lorraine.

About CDDEP

CDDEP produces independent, multidisciplinary research to advance the 
health and wellbeing of human populations in the US and around the world. 
CDDEP was founded in 2010 with the objective of using research to support 
better decision-making in health policy. CDDEP researchers employ a range of 
expertise – including economics, epidemiology, disease modeling, risk analysis 
and statistics – to conduct actionable, policy-oriented research on malaria, 
antibiotic resistance, disease control priorities, environmental health, alcohol 
and tobacco, and other global health priorities. CDDEP projects are global in 
scope, spanning Africa, Asia and North America, and include scientific studies 
and policy engagement. The CDDEP team is experienced in addressing coun-
try-specific and regional issues, as well as the local and global aspects of 
global challenges, such as antibiotic resistance and pandemic influenza. 
CDDEP research is notable for innovative approaches to design and analysis, 
which are shared widely through publications, presentations and web-based 
programs. CDDEP has offices in Washington, DC and New Delhi, and relies 
on a distinguished team of scientists, public health experts and economists 
around the world.

We would like to acknowledge the following individuals for their valuable 
contributions to this research:

Raheelah Ahmad, Health Management Programme Lead, NIHR Health Protec-
tion Research Unit for Healthcare Associated Infection and Antimicrobial 
Resistance, Faculty of Medicine, Imperial College London

Elizabeth Beech, National Project Lead for Healthcare Acquired Infections and 
Antimicrobial Resistance, NHS England

Francesca Binda, Université de Lorraine, APEMAC, CHRU-Nancy, Infectious 
Diseases Department, Nancy, France; University of Milan, Department of 
Biomedical and Clinical Sciences, Luigi Sacco



39LEADING HEALTH SYSTEMS NETWORK

Luc Boileau, President and Director General, National Institute for Excellence 
in Health and Social Services (INESSS)

Enrique Castro-Sánchez, Wellcome Trust ISSF Faculty Fellow and Lead 
Research Nurse, NIHR Health Protection Research Unit for Healthcare Associ-
ated Infection and Antimicrobial Resistance, Imperial College London

Esmita Charani, Senior Lead Pharmacist, NIHR Health Protection Research 
Unit for Healthcare Associated Infection and Antimicrobial Resistance, 
Imperial College London

Vivian Chuang, Senior Manager, Infection, Emergency, and Contingency, Hong 
Kong Hospital Authority

Emma Cramp, Antimicrobial Pharmacist, University Hospitals of Leicester 
NHS Trust

Sameer Dhingra, Lecturer, School of Pharmacy, Faculty of Medical Sciences, 
Eric Williams Medical Sciences Complex, The University of the West Indies

Simon Dobson, AMS Lead, Sidra Medicine

Mark Gilchrist, Consultant Pharmacist in Infectious Diseases and Outpatient 
Parenteral Antimicrobial Therapy Lead, Departments of Infection/Pharmacy, 
Imperial College Healthcare NHS Trust

Debra A Goff, Infectious Disease Specialist, The Ohio State University 
Wexner Medical Center

Jennifer Grant, Medical Director, ASPIRES (antimicrobial stewardship program), 
Vancouver Coastal Health

David Grayson, Clinical Director of Otolaryngology Head & Neck Surgery 
and Clinical Lead of Patient Safety and Experience, Waitemata DHB

Stephan Harbarth, Associate Professor, Geneva University Hospitals, Infection 
Control Programme and WHO Collaborating Centre, Faculty of Medicine

Alison Holmes, Director of Infection Prevention and Control (DIPC) and 
Professor in Infectious Diseases, Imperial College London

Sylvia Lemos Hinrichsen, Professor, Universidade Federal de Pernambuco (UFPE)

Gabriel Levy Hara, Chief of Infectious Disease Unit, Hospital Carlos G Durand



40 LEADING HEALTH SYSTEMS NETWORK

Kylie McIntosh, Principal Policy Officer – Medicines, Clinical Safety and Moni-
toring, Safer Care Victoria

Marc Mendelson, Professor of Infectious Diseases and Head of the 
Division of Infectious Diseases & HIV Medicine, Groote Schuur Hospital, Univer-
sity of Cape Town

Allison Muniak, Executive Director, Quality, Patient Safety and Infection Control, 
Vancouver Coastal Health

Dilip Nathwani, Consultant in Infectious Diseases and Honorary Professor of 
Infection at the University of Dundee; Chairman of the Scottish Antimicrobial 
Prescribing Group; Chair of the European Study Group on Antibiotic Policies 
and President of the British Society for Antimicrobial Chemotherapy

Gunturu Revathi, Associate Professor, Department of Pathology, Division of 
Clinical Microbiology, The Aga Khan University Hospital

Matthew Rogers, Clinical Director, Laboratories, Waitemata DHB

Pritindira Sachdeva, Lead, Apollo Quality Program and Special Initiatives, 
Apollo Hospitals Group

Anupam Sibal, Group Medical Director, Apollo Hospitals Group

Ngai Chuen Sin, Chief Manager, Patient Safety and Risk Management, Hospital 
Authority Head Office, Hong Kong Hospital Authority

Sanjeev Singh, Medical Superintendent, Amrita Institute of Medical Sciences, 
Kochi, Kerala, India

Arjun Srinivasan, Associate Director for Healthcare Associated Infection 
Prevention Programs, Division of Healthcare Quality Promotion, National 
Center for Emerging and Zoonotic Infectious Diseases, Centers for Disease 
Control and Prevention

Visanu Thamlikitkul, Professor and Head of Division, Department of Medicine, 
Faculty of Medicine Siriraj Hospital, Mahidol University

Karin Thursky, Director of the National Centre for Antimicrobial Stewardship, 
Deputy Head of Infectious Diseases at the Peter MacCallum Cancer Centre, 
and Director of the Guidance Group at the Royal Melbourne Hospital, Peter 
Doherty Institute

Niisoja Torto, Reginaldo Howard Memorial Scholar, Duke University



41LEADING HEALTH SYSTEMS NETWORK

Anna Trett, Centre for Disease Dynamics, Economics & Policy and Research 
Assistant at Liverpool School of Tropical Medicine

Louis Valiquette, Director, Microbiology and Infectious Diseases, Sherbrooke 
University Hospital Center

Balaji Vembu, DGM-Quality, Southern Region, Apollo Hospitals Group

Erika Vlieghe, Head, Department of General Internal Medicine, Infectious 
Diseases and Tropical Medicine, University Hospital Antwerp; Professor, Global 
Health Institute, University of Antwerp; Institute of Tropical Medicine, Depart-
ment of Clinical Sciences

Heiman Wertheim, Head of Clinical Microbiology Department of Radbou-
dumc, Radboud Center for Infectious Diseases

Mei Zeng, Professor, Department of Infectious Diseases, Children’s Hospital of 
Fudan University

Any errors or omissions remain the responsibility of the authors.



42 LEADING HEALTH SYSTEMS NETWORK

REFERENCES
01. O’Neill J (Chair). Antimicrobial resistance: Tackling a crisis for the health and wealth 

of nations. The Review on Antimicrobial Resistance. 2014. Available at: amr-review.org/

sites/default/files/AMR%20Review%20Paper%20-%20Tackling%20a%20crisis%20for%20

the%20health%20and%20wealth%20of%20nations_1.pdf [Accessed 19 August 2018].

02. World Health Organization (WHO). 2015 Global action plan on antimicrobial resistance. 

Available at: www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_

eng.pdf [Accessed 19 August 2018].

03. McKenna M. Antibiotic resistance: The last resort. Nature; 2013; 499: 394–339.

04. Laxminarayan R et al. Antibiotic resistance – the need for global solutions. The Lancet 

Infectious Diseases; 2013; 13(12): 1057–1098.

05. World Innovation Summit for Health (WISH). Antimicrobial resistance: In search of 

a collaborative solution. Report of the Antimicrobial Resistance Working Group 2013. 

Doha, Qatar: WISH. Available at: www.wish.org.qa/wp-content/uploads/2018/01/27425_

WISH_AM_Resistance_Report_web.pdf [Accessed 19 August 2018].

06. World Innovation Summit for Health (WISH). Antimicrobial resistance: In search of 

a collaborative solution. Report of the Antimicrobial Resistance Working Group 2013. 

Doha, Qatar: WISH. Available at: www.wish.org.qa/wp-content/uploads/2018/01/27425_

WISH_AM_Resistance_Report_web.pdf [Accessed 19 August 2018].

07. Laxminarayan R et al. Antibiotic resistance – the need for global solutions. The Lancet 

Infectious Diseases, 2013; 13(12): 1057–1098.

08. Organisation for Economic Co-operation and Development (OECD). Tackling wasteful 

spending on health. OECD, 2017. Available at: www.oecd.org/els/health-systems/

Tackling-Wasteful-Spending-on-Health-Highlights-revised.pdf [Accessed 9 July 2018].

09. Centers for Disease Control and Prevention (CDC). Core elements of hospital antibiotic 

stewardship programs. Atlanta, GA: US Department of Health and Human Services, 

CDC. 2014. Available at: www.cdc.gov/getsmart/healthcare/implementation/core-

elements.html [Accessed 19 August 2018].

10. Dyar OJ et al. What is antimicrobial stewardship? Clinical Microbiology and Infection, 

2017; 23(11): 793–798.

11. World Innovation Summit for Health (WISH). Antimicrobial resistance: In search of 

a collaborative solution. Report of the Antimicrobial Resistance Working Group 2013. 

Doha, Qatar: WISH. Available at: www.wish.org.qa/wp-content/uploads/2018/01/27425_

WISH_AM_Resistance_Report_web.pdf [Accessed 19 August 2018].

12. Huttner B et al. ESCMID Study Group for Antibiotic Policies. Success stories of 

implementation of antimicrobial stewardship: A narrative review. Clinical Microbiology 

and Infection, 2014; 20(10): 954–962.

13. Huttner B et al. ESCMID Study Group for Antibiotic Policies. Success stories of 

implementation of antimicrobial stewardship: A narrative review. Clinical Microbiology 

and Infection, 2014; 20(10): 954–962.

14. Mendelson M and Matsoso MP. The South African antimicrobial resistance strategy 

framework. AMR Control, 2015; 5: 54–61.

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
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf
http://www.oecd.org/els/health-systems/Tackling-Wasteful-Spending-on-Health-Highlights-revised.pdf
http://www.oecd.org/els/health-systems/Tackling-Wasteful-Spending-on-Health-Highlights-revised.pdf
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf
http://www.wish.org.qa/wp-content/uploads/2018/01/27425_WISH_AM_Resistance_Report_web.pdf


43LEADING HEALTH SYSTEMS NETWORK

15. Goff DA et al. Is the “low-hanging fruit” worth picking for antimicrobial stewardship 

programs? Clinical Infectious Diseases, 2012; 55(4): 587–592.

16. Karanika S et al. Systematic review and meta-analysis of clinical and economic 

outcomes from the implementation of hospital-based antimicrobial stewardship 

programs. Antimicrobial Agents and Chemotherapy, 2016; 60(8): 4840–4852.

17. Hulscher MEJL and Prins JM. Antibiotic stewardship: Does it work in hospital practice? 

A review of the evidence base. Clinical Microbiology and Infection, 2017; 23(11): 799–805.

18. Van Daalen FV et al. Effect of an antibiotic checklist on length of hospital stay and 

appropriate antibiotic use in adult patients treated with intravenous antibiotics: 

A stepped wedge cluster randomized trial. Clinical Microbiology and Infection, 2017; 

23(7): e1–485.e8.

19. Van Daalen FV et al. Implementation of an antibiotic checklist increased appropriate 

antibiotic use in the hospital on Aruba. International Journal of Infectious Diseases, 

2017; 59: 14–21.

20. de Vries EN et al. Effect of a comprehensive surgical safety system on patient outcomes. 

New England Journal of Medicine, 2010; 363(20): 1928–1937.

21. Pronovost P et al. An intervention to decrease catheter-related bloodstream infections 

in the ICU. New England Journal of Medicine, 2006; 355(26): 2725–2732.

22. British Society for Antimicrobial Chemotherapy (BSAC). Antimicrobial stewardship: From 

principles to practice. BSAC, European Society of Clinical Microbiology and Infectious 

Diseases (ESCMID) Study Group for Antimicrobial Stewardship, and ESCMID. 2018. Available 

at: www.bsac.org.uk/antimicrobialstewardshipebook/BSAC-AntimicrobialStewardship- 

FromPrinciplestoPractice-eBook.pdf [Accessed 7 August 2018].

23. Dellit TH et al. Infectious Diseases Society of America and the Society for Healthcare 

Epidemiology of America guidelines for developing an institutional program to enhance 

antimicrobial stewardship. Clinical Infectious Diseases, 2007; 44(2): 159–177.

24. The Joint Commission. Antimicrobial Stewardship Toolkit. 2013. Available at: 

store.jcrinc.com/antimicrobial-stewardship-toolkit [Accessed 19 August 2018].

25. American Society of Health-System Pharmacists. Implementing antimicrobial 

stewardship programs in health systems: An interprofessional team approach. Available 

at: www.leadstewardship.org [Accessed 19 August 2018].

26. National Institute for Health and Care Excellence (NICE). Antimicrobial stewardship: 

Systems and processes for effective antimicrobial medicine use. August 2015. Available 

at: www.nice.org.uk/guidance/ng15/resources [Accessed 19 August 2018].

27. Centers for Disease Control and Prevention (CDC). Checklist for core elements of 

hospital antibiotic stewardship programs. Atlanta, GA: US Department of Health and 

Human Services, CDC. Available at: www.cdc.gov/antibiotic-use/healthcare/pdfs/

checklist.pdf [Accessed 19 August 2018].

28. Pulcini C et al. Developing core elements and checklist items for global hospital 

antimicrobial stewardship programmes: A consensus approach. Clinical Microbiology 

and Infection, 2018; pii: S1198-743X(18): 30295–30297.

29. Pulcini C et al. Developing core elements and checklist items for global hospital 

antimicrobial stewardship programmes: A consensus approach. Clinical Microbiology 

and Infection, 2018; pii: S1198-743X(18): 30295–30297.

http://www.bsac.org.uk/antimicrobialstewardshipebook/BSAC-AntimicrobialStewardship-FromPrinciplestoPractice
http://www.bsac.org.uk/antimicrobialstewardshipebook/BSAC-AntimicrobialStewardship-FromPrinciplestoPractice
http://store.jcrinc.com/antimicrobial-stewardship-toolkit/
http://www.leadstewardship.org/
http://www.nice.org.uk/guidance/ng15/resources
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/checklist.pdf
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/checklist.pdf


44 LEADING HEALTH SYSTEMS NETWORK

30. Goossens H et al. Human resources estimates and funding for antibiotic stewardship 

teams are urgently needed. Clinical Microbiology and Infection, 2017; 30: 1e3.

31. Howard P et al. An international cross-sectional survey of antimicrobial stewardship 

programmes in hospitals. Journal of Antimicrobial Chemotherapy, 2014; Dec 18; 

70(4): 1245–1255.

32. Ahmad R and Charani E. Key elements of an antimicrobial stewardship program. 

Presentation. LHSN webinar series. 17 July 2018.

33. Dyar OJ et al. ESGAP (ESCMID Study Group for Antimicrobial Stewardship). Managing 

responsible antimicrobial use: Perspectives across the healthcare system. Clinical 

Microbiology and Infection, 2017; 23(7): 441–447.

34. de With K et al. Strategies to enhance rational use of antibiotics in hospital: A guideline 

by the German Society for Infectious Diseases. Infection, 2016; 44(3): 395–439.

35. NHS, Health Education England. Combating antimicrobial resistance: Educational 

approaches for the responsible prescribing of antimicrobials. Available at: 

www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20

resistance%20Educational%20approaches%20for%20the%20responsible%20pres 

cribing%20of%20antimicrobials%20-%20full%20report.pdf [Accessed 3 August 2018].

36. Charani E and Holmes AH. Antimicrobial stewardship programmes: The need 

for wider engagement. BMJ Quality & Safety, 2013; 22(11): 885–887. Available at: 

www.ncbi.nlm.nih.gov/pubmed/24046440 [Accessed 3 August 2018].

37. Brink AJ et al. Passing the baton to pharmacists and nurses: New models of antibiotic 

stewardship for South Africa? South African Medical Journal, 2016; 106(10): 947–948.

38. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in hospitals 

in the United States: Lessons learned from a multisite qualitative study. The Joint 

Commission Journal on Quality and Patient Safety, 2018; 44 (2): 68–74.

39. NHS, Health Education England. Combating antimicrobial resistance: Educational 

approaches for the responsible prescribing of antimicrobials. Available at: 

www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20

resistance%20Educational%20approaches%20for%20the%20responsible%20pres 

cribing%20of%20antimicrobials%20-%20full%20report.pdf [Accessed 3 August 2018].

40. Wertheim HFL et al. Providing impetus, tools, and guidance to strengthen national 

capacity for antimicrobial stewardship in Viet Nam. PLOS Medicine, 2013; 10(5): e1001429.

41. FutureLearn. Antimicrobial stewardship: Managing antibiotic resistance. Available at: 

www.futurelearn.com/courses/antimicrobial-stewardship [Accessed 28 July 2018].

42. Reyna J, Khanal S and Morgan T. Using online learning modules to fight against antibiotic 

resistance in Australia. In ASCILITE-Australian Society for Computers in Learning in 

Tertiary Education Annual Conference 2013 (pp. 756–765). Australasian Society for 

Computers in Learning in Tertiary Education. 2013.

43. World Health Organization (WHO). 2015 Global action plan on antimicrobial resistance. 

Available at: www.wpro.who.int/entity/drug_resistance/resources/global_action_pl 

an_eng.pdf [Accessed 19 August 2018].

http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.ncbi.nlm.nih.gov/pubmed/24046440
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.futurelearn.com/courses/antimicrobial-stewardship
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf
http://www.wpro.who.int/entity/drug_resistance/resources/global_action_plan_eng.pdf


45LEADING HEALTH SYSTEMS NETWORK

44. NHS, Health Education England. Combating antimicrobial resistance: Educational 

approaches for the responsible prescribing of antimicrobials. Available at: 

www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20

resistance%20Educational%20approaches%20for%20the%20responsible%20pres 

cribing%20of%20antimicrobials%20-%20full%20report.pdf [Accessed 3 August 2018].

45. Goff DA et al. A global call from five countries to collaborate in antibiotic stewardship: 

united we succeed, divided we might fail. The Lancet Infectious Diseases, 2017;  

17(2): e56–63.

46. NHS, Health Education England. Combating antimicrobial resistance: Educational 

approaches for the responsible prescribing of antimicrobials. Available at: 

www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20

resistance%20Educational%20approaches%20for%20the%20responsible%20prescribing 

%20of%20antimicrobials%20-%20full%20report.pdf [Accessed 3 August 2018].

47. Mizuno S et al. Comparison of national strategies to reduce methicillin-resistant 

Staphylococcus aureus (MRSA) infections in Japan and England. (In press) Journal of 

Hospital Infection, 20 July 2018.

48. Goff DA et al. A global call from five countries to collaborate in antibiotic stewardship: 

united we succeed, divided we might fail. The Lancet Infectious Diseases, 2017;  

17(2): e56–63.

49. Tiong JJ et al. Global antimicrobial stewardship: A closer look at the formidable 

implementation challenges. Frontiers in Microbiology, 2016; 7: 1860.

50. Wertheim HF et al. Providing impetus, tools, and guidance to strengthen national 

capacity for antimicrobial stewardship in Viet Nam. PLOS Medicine, 2013;  

10(5): e1001429.

51. Chen AW et al. Snapshot of barriers to and indicators for antimicrobial stewardship in 

Australian Hospitals. Journal of Pharmacy Practice and Research, 2011; 41(1): 37–41.

52. Pakyz AL et al. Facilitators and barriers to implementing antimicrobial stewardship 

strategies: Results from a qualitative study. American Journal of Infection Control, 2014; 

42(10): S257–263.

53. Mizuno S et al. Comparison of national strategies to reduce methicillin-resistant 

Staphylococcus aureus (MRSA) infections in Japan and England. (In press) Journal of 

Hospital Infection, 20 July 2018.

54. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in hospitals 

in the United States: Lessons learned from a multisite qualitative study. The Joint 

Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

55. Duguid M and Cruickshank M (eds). Antimicrobial stewardship in Australian health care 

2018. Australian Commission on Safety and Quality in Health Care, 2018. Available at: 

www.safetyandquality.gov.au/wp-content/uploads/2018/05/AMSAH-Book-WEB-

COMPLETE.pdf [Accessed 19 August 2018]

56. Spellberg B et al. How to pitch an antibiotic stewardship program to the hospital C-suite. 

Open Forum Infectious Diseases, 2016; 3(4): ofw210.

57. Neufeld J. A provincial antimicrobial stewardship program: Successes and challenges in 

Alberta. National Collaborating Centre for Infectious Diseases, 2017.

http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20
http://www.hee.nhs.uk/sites/default/files/documents/Combating%20antimicrobial%20resistance%20Educational%20


46 LEADING HEALTH SYSTEMS NETWORK

58. Department of Health. Getting ahead of the curve: A strategy for combating infectious 

diseases (including other aspects of health protection). Report by the Chief Medical 

Officer. HM Stationery Office. 2002.

59. Department of Health. Winning ways: Working together to reduce healthcare associated 

infection in England. Report from the Chief Medical Officer. HM Stationery Office. 2003.

60. Goff DA et al. A global call from five countries to collaborate in antibiotic stewardship: 

United we succeed, divided we might fail. The Lancet Infectious Diseases, 2017;  

17(2): e56–63.

61. Centers for Disease Control and Prevention (CDC). Core elements of hospital antibiotic 

stewardship programs. Atlanta, GA: US Department of Health and Human Services, 

CDC. 2014. Available at: www.cdc.gov/getsmart/healthcare/implementation/core-

elements.html [Accessed 19 August 2018].

62. Centres for Disease Control and Prevention (CDC). Implementation of antibiotic 

stewardship core elements at small and critical access hospitals. Available at: 

www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-

critical.html [Accessed 27 July 2018].

63. Centers for Disease Control and Prevention (CDC). Core elements of hospital antibiotic 

stewardship programs. Atlanta, GA: US Department of Health and Human Services, 

CDC; 2014. Available at: www.cdc.gov/getsmart/healthcare/implementation/core-

elements.html [Accessed 19 August 2018].

64. Centres for Disease Control and Prevention (CDC). Implementation of antibiotic 

stewardship core elements at small and critical access hospitals. Available at: 

www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-

critical.html [Accessed 27 July 2018].

65. Joint Commission on Hospital Accreditation. Approved: New antimicrobial stewardship 

standard. Joint Commission Perspectives, 2016; 36(7): 1, 3–4, 8. Available at: 

www.jointcommission.org/assets/1/6/New_Antimicrobial_Stewardship_Standard.pdf 

[Accessed 19 August 2018].

66. Centers for Disease Control and Prevention (CDC). Core elements of hospital antibiotic 

stewardship programs. Atlanta, GA: US Department of Health and Human Services, 

CDC. 2014. Available at: www.cdc.gov/getsmart/healthcare/implementation/core-

elements.html [Accessed 19 August 2018].

67. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in hospitals 

in the United States: Lessons learned from a multisite qualitative study. The Joint 

Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

68. World Health Organization (WHO). Antimicrobial resistance: Global report on 

surveillance 2014. Available at: www.who.int/drugresistance/documents/surveillance 

report/en [Accessed 19 August 2018].

69. Centers for Disease Control and Prevention (CDC). Core elements of hospital antibiotic 

stewardship programs. Atlanta, GA: US Department of Health and Human Services, 

CDC; 2014. Available at: www.cdc.gov/getsmart/healthcare/implementation/core-

elements.html [Accessed 19 August 2018].

70. Rawson TM et al. Antimicrobial stewardship: Are we failing in cross-specialty clinical 

engagement? Journal of Antimicrobial Chemotherapy, 2015; 71(2): 554–559.

http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-critical.html
http://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-critical.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-critical.html
http://www.cdc.gov/antibiotic-use/healthcare/implementation/core-elements-small-critical.html
http://www.jointcommission.org/assets/1/6/New_Antimicrobial_Stewardship_Standard.pdf
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.who.int/drugresistance/documents/surveillancereport/en/
http://www.who.int/drugresistance/documents/surveillancereport/en/
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html


47LEADING HEALTH SYSTEMS NETWORK

71. Birgand G et al. Comparison of governance approaches for the control of antimicrobial 

resistance: Analysis of three European countries. Antimicrobial Resistance & Infection 

Control, 2018; 7: 28.

72. Brewster L et al. Qualitative study of views and experiences of performance management 

for healthcare-associated infections. Journal of Hospital Infection, 2016; 94(1): 41–47.

73. Van der Wees PJ et al. Integrating the use of patient-reported outcomes for both clinical 

practice and performance measurement: Views of experts from 3 countries. Milbank 

Quarterly, 2014; 92(4): 754–775.

74. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

75. Barbé B et al. Implementation of quality management for clinical bacteriology in 

low-resource settings. Clinical Microbiology and Infection, 2017; 23(7): 426–433.

76. Mizuno S et al. Comparison of national strategies to reduce methicillin-resistant 

Staphylococcus aureus (MRSA) infections in Japan and England. (In press) Journal of 

Hospital Infection, 20 July 2018.

77. Crilly T et al. Knowledge mobilization in healthcare organisations: Synthesising 

evidence and theory using perspectives of organizational form, resource based 

view of the firm and critical theory. NHS National Institute for Health Research. 2013. 

Available at: www.netscc.ac.uk/hsdr/files/project/SDO_FR_09-1002-13_V07.pdf 

[Accessed 21 July 2018].

78. Thaler R and Sunstein C. Nudge: Improving decisions about health, wealth and 

happiness. New Haven, CT: Yale University Press. 2000.

79. Ahmad R and Charani E. Key elements of an antimicrobial stewardship program. 

Presentation. LHSN webinar series, 17 July 2018.

80. Crilly T et al. Knowledge mobilization in healthcare organisations: Synthesising 

evidence and theory using perspectives of organizational form, resource based 

view of the firm and critical theory. NHS National Institute for Health Research. 2013. 

Available at: www.netscc.ac.uk/hsdr/files/project/SDO_FR_09-1002-13_V07.pdf 

[Accessed 21 July 2018].

81. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

82. Greenhalgh RG et al. Diffusion of innovations in service organizations: Systematic 

review and recommendations. Milbank Quarterly; 2004; 82: 581–629.

83. Grol R and Grimshaw J. From best evidence to best practice: Effective implementation 

of change in patients’ care. The Lancet, 2003; 362: 1225–1230.

84. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

85. Rawson TM et al. Promoting medical student engagement with antimicrobial 

stewardship through involvement in undergraduate research. Journal of Infection, 2017; 

74(2): 200–202.

86. Davey P et al. Interventions to improve antibiotic prescribing practices for hospital 

inpatients. Cochrane Database of Systematic Reviews; 2013; 4(4).

http://www.netscc.ac.uk/hsdr/files/project/SDO_FR_09-1002-13_V07.pdf
http://www.netscc.ac.uk/hsdr/files/project/SDO_FR_09-1002-13_V07.pdf


48 LEADING HEALTH SYSTEMS NETWORK

87. Mizuno S et al. Comparison of national strategies to reduce methicillin-resistant 

Staphylococcus aureus (MRSA) infections in Japan and England. (In press) Journal of 

Hospital Infection, 20 July 2018.

88. Pakyz AL et al. Facilitators and barriers to implementing antimicrobial stewardship 

strategies: Results from a qualitative study. American Journal of Infection Control, 2014; 

42(10): S257–263.

89. Pakyz AL et al. Facilitators and barriers to implementing antimicrobial stewardship 

strategies: Results from a qualitative study. American Journal of Infection Control, 2014; 

42(10): S257–263.

90. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

91. Scotland NH. Improving patient outcomes and reducing harm from infection through 

innovative data integration, to support clinicians within the NHS in Scotland. Edinburgh: 

NHS Scotland, 2015.

92. Public Health Wales. Reports of the Welsh Antimicrobial Resistance Programme. 2015. 

Available at: www.wales.nhs.uk/sites3/page.cfm?orgId=457&pid=28906 [Accessed 

19 August 2018].

93. Business Services Organisation. COMPASS: About Compass. Available at: 

www.hscbusiness.hscni.net/services/2163.htm [Accessed 28 July 2018].

94. Public Health England. English surveillance programme for antimicrobial utilisation and 

resistance (ESPAUR). Report, 2014. Available at: www.gov.uk/government/uploads/

system/uploads/attachment_data/file/362374/ESPAUR_Report_2014__3_.pdf 

[Accessed 28 July 2018].

95. Scotland NH. Improving patient outcomes and reducing harm from infection through 

innovative data integration, to support clinicians within the NHS in Scotland. Edinburgh: 

NHS Scotland, 2015.

96. Wertheim HF et al. Providing impetus, tools, and guidance to strengthen national 

capacity for antimicrobial stewardship in Viet Nam. PLOS Medicine, 2013;  

10(5): e1001429.

97. Edwards R et al. Covering more territory to fight resistance: Considering nurses’ role in 

antimicrobial stewardship. Journal of Infection Prevention, 2011; 12(1): 6–10.

98. Gillespie E et al. Improving antibiotics stewardship by involving nurses. American 

Journal of Infection Control, 2013; 41(4): 365–367.

99. Bulabula ANH et al. Education and management of antimicrobials amongst nurses in 

Africa – a situation analysis: An Infection Control Africa Network (ICAN)/BSAC online 

survey. Journal of Antimicrobial Chemotherapy, 2018; 73(5): 1408–1415.

100. Castro-Sánchez E. Nurses’ participation in the optimal management of antimicrobials. 

Presentation. LHSN webinar series, 26 June 2018.

101. Olans RN et al. The critical role of the staff nurse in antimicrobial stewardship –

unrecognized, but already there. Clinical Infectious Diseases, 2016; 62(1): 84–89.

102. Gillespie E et al. Improving antibiotics stewardship by involving nurses. American 

Journal of Infection Control, 2013; 41(4): 365–367.

http://www.wales.nhs.uk/sites3/page.cfm?orgId=457&pid=28906
http://www.hscbusiness.hscni.net/services/2163.htm
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/362374/ESPAUR_Report_2014__3_.pdf
http://www.gov.uk/government/uploads/system/uploads/attachment_data/file/362374/ESPAUR_Report_2014__3_.pdf


49LEADING HEALTH SYSTEMS NETWORK

103. Ness V et al. Growth in nurse prescribing of antibiotics: The Scottish experience 

2007–13. Journal of Antimicrobial Chemotherapy, 2015; 70(12): 3384–3389.

104. Bulabula ANH et al. Education and management of antimicrobials amongst nurses in 

Africa – a situation analysis: An Infection Control Africa Network (ICAN)/BSAC online 

survey. Journal of Antimicrobial Chemotherapy, 2018; 73(5): 1408–1415.

105. Castro-Sánchez E et al. Antimicrobial stewardship: Widening the collaborative 

approach. Journal of Antimicrobial Stewardship, 2017; 1(1): 29–37.

106. Edwards R et al. Covering more territory to fight resistance: Considering nurses’ role 

in antimicrobial stewardship. Journal of Infection Prevention, 2011; 12(1): 6–10.

107. Castro-Sánchez E. Nurses’ participation in the optimal management of antimicrobials. 

Presentation. LHSN webinar series, 26 June 2018.

108. Olans RN et al. The critical role of the staff nurse in antimicrobial stewardship –

unrecognized, but already there. Clinical Infectious Diseases, 2016; 62(1): 84–89.

109. Gillespie E et al. Improving antibiotics stewardship by involving nurses. American 

Journal of Infection Control, 2013; 41(4): 365–367.

110. Castro-Sánchez E et al. Innovative roles for nurses in antimicrobial stewardship: 

Analyzing models of service delivery of development and implementation in the UK. 

Unpublished article.

111. Castro-Sánchez E et al. Mapping antimicrobial stewardship in undergraduate medical, 

dental, pharmacy, nursing and veterinary education in the United Kingdom. PLOS ONE; 

2016; 11(2): e0150056.

112. Castro-Sánchez E. Nurses’ participation in the optimal management of antimicrobials. 

Presentation. LHSN webinar series. 26 June 2018.

113. Grayson ML et al. Use of an innovative personality-mindset profiling tool to guide 

culture-change strategies among different healthcare worker groups. PLoS ONE; 2015; 

10(10): e0140509.

114. Castro-Sánchez E. Nurses’ participation in the optimal management of antimicrobials. 

Presentation. LHSN webinar series. 26 June 2018.

115. Chen AW et al. Snapshot of barriers to and indicators for antimicrobial stewardship in 

Australian Hospitals. Journal of Pharmacy Practice and Research, 2011; 41(1): 37–41.

116. Pakyz AL et al. Facilitators and barriers to implementing antimicrobial stewardship 

strategies: Results from a qualitative study. American Journal of Infection Control, 2014; 

42(10): S257–263.

117. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

118. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

119. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

120. Kullar R and Goff DA. Transformation of antimicrobial stewardship programs through 

technology and informatics. Infectious Disease Clinics, 2014; 28(2): 291–300.



50 LEADING HEALTH SYSTEMS NETWORK

121. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

122. World Health Organization (WHO). Global antimicrobial resistance surveillance system 

(GLASS). Available at: www.who.int/glass/en [Accessed 23 August 2018].

123. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

124. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

125. Kapadia SN et al. The expanding role of antimicrobial stewardship programs in 

hospitals in the United States: Lessons learned from a multisite qualitative study. 

The Joint Commission Journal on Quality and Patient Safety, 2018; 44(2): 68–74.

126. Kullar R and Goff DA. Transformation of antimicrobial stewardship programs through 

technology and informatics. Infectious Disease Clinics, 2014; 28(2): 291–300.

127. Hermsen ED et al. Implementation of a clinical decision support system for antimicrobial 

stewardship. Infection Control & Hospital Epidemiology, 2012; 33(4): 412–5.

128. Calloway S et al. Impact of a clinical decision support system on pharmacy clinical 

interventions, documentation efforts, and costs. Hospital Pharmacy, 2013; 48(9): 

744–752.

129. Schulz L et al. The use of best practice alerts with the development of an antimicrobial 

stewardship navigator to promote antibiotic de-escalation in the electronic medical 

record. Infection Control & Hospital Epidemiology, 2013; 34(12): 1259–1265.

130. Evans RS et al. A computer-assisted management program for antibiotics and other anti-

infective agents. New England Journal of Medicine, 1998; 338(4): 232–238.

131. Litvin CB et al. Use of an electronic health record clinical decision support tool to 

improve antibiotic prescribing for acute respiratory infections: The ABX-TRIP study. 

Journal of General Internal Medicine, 2013; 28(6): 810–816.

132. Kullar R and Goff DA. Transformation of antimicrobial stewardship programs through 

technology and informatics. Infectious Disease Clinics, 2014; 28(2): 291–300.

133. Kullar R and Goff DA. Transformation of antimicrobial stewardship programs through 

technology and informatics. Infectious Disease Clinics, 2014; 28(2): 291–300.

134. Charani E et al. Do smartphone applications in healthcare require a governance and 

legal framework? It depends on the application! BMC Medicine, 2014; 12(1): 29.

http://www.who.int/glass/en/


51LEADING HEALTH SYSTEMS NETWORK

WISH RESEARCH PARTNERS

WISH gratefully acknowledges the support of the Ministry of Public Health

 
 
 
 



52 LEADING HEALTH SYSTEMS NETWORK



www.wish.org.qa

http://www.wish.org.qa

	_Hlk521008643
	_Hlk521507427
	_GoBack
	_Hlk519675915
	Foreword
	Executive summary
	Section 1. Introduction
	Section 2. Checklist for Hospital Antimicrobial Stewardship Programming (CHASP)
	Section 3. Applying CHASP across LHSN membership
	Section 4. Improving antimicrobial stewardship at the hospital level
	Section 5. Recommendations for policymakers
	Acknowledgments
	References

