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Preface

The twentieth century has been described as the golden age of antimicrobials. With the introduc-
tion of antimicrobials previously deadly infectious diseases were relegated to history. Now in the 
second decade of the twenty-â•‰first century it has become increasingly obvious to even the most 
disinterested member of the public, healthcare professional, or politician that there is a problem 
with antimicrobial-â•‰resistant organisms and untreatable infections. This problem of antimicrobial 
resistance has been raised as a worldwide concern alongside global warming, and the popular 
press regularly raises the spectre of a ‘return to the dark ages’.

While resistance is an inevitable evolutionary process, two factors have accelerated the devel-
opment of untreatable infections. Firstly the pharmaceutical industry had lost interest in anti-
microbial development, primarily for financial reasons, and so there are fewer new classes of 
antimicrobials in the pipeline as a consequence. The second is the overuse and abuse of antimi-
crobials by the medical profession, the public, and the agricultural industry.

The concept of antimicrobial stewardship has been developing within the infection community 
over the last 15 years. The aim of antimicrobial stewardship is to restrict antimicrobial use in order 
to reduce the development of resistance, avoid the side effects associated with antimicrobial use, 
and optimize clinical outcomes. In its simplest form it’s about saving what antimicrobials we have.

This is a rapidly developing field. The number of academic papers on antimicrobial stewardship 
has increased dramatically in the past 5 years, from 43 in 2008 to 429 in 2015.

Our aim is to produce a very practical approach to antimicrobial stewardship. It’s very much a 
‘how to’ guide supported by a review of the available evidence.

The book is divided into three sections.
Section 1: Setting the scene and starting up: in this section we look at the problem of antimicro-

bial resistance, problems in the antimicrobial supply line, and initiatives to improve the situation. 
We examine the psychological, social, cultural, and organizational factors in antimicrobial use 
and prescribing. We look at the principles and goals of antimicrobial stewardship. Finally we look 
at how to establish an antimicrobial stewardship programme.

Section 2: Components of an antimicrobial stewardship programme: in this section we examine 
the identified components of an antimicrobial stewardship programme—â•‰prospective audit and 
feedback, antimicrobial policies and formularies, antimicrobial restriction, intravenous to oral 
switch, measuring antimicrobial consumption, and measuring and feeding back stewardship; we 
conclude with a look at information technology in antimicrobial stewardship.

Section 3: Special areas in antimicrobial stewardship:  in this section we explore specific areas 
of antimicrobial stewardship including antimicrobial pharmacokinetics and dynamics, intensive 
care units, paediatrics, surgical prophylaxis, near-â•‰patient testing, and infection biomarkers. We 
will also look at antimicrobial stewardship in the community and long-â•‰term care facilities, where 
arguably there is most to be done. We conclude the book by looking at antimicrobial stewardship 
in resource-â•‰poor settings and the unique challenges facing low-â•‰ and middle-â•‰income countries.

Infection control is a vital component in the control of the spread of resistant organisms. We 
will touch on aspects of infection control, but there are many textbooks that can cover this subject 
in far more detail that we are able to here. We will not cover the exact mechanisms of antimicro-
bial resistance as this field is rapidly developing and the book would soon be out of date, nor is this 
a pharmacology book on antimicrobials. The issue of the widespread use of antimicrobials in the 
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livestock industry, while critical to the control of resistance, is beyond the control of the intended 
audience of this book and will not be covered.

The primary audience for this book comprises infection trainees and specialists from the med-
ical, pharmacy, nursing, and scientific professions. It will also be of interest to those in the profes-
sions outside infection. Policy makers and commissioners of services will find this book useful 
to help inform policy and ensure the commissioning of high-​quality services. Antimicrobials and 
infection training are paradoxically forming an ever smaller part of the undergraduate medical 
curriculum and medical students may find this book useful for filling in their knowledge gaps. 
Ultimately, antimicrobial resistance is everyone’s problem and we hope this book will appeal to a 
broad audience.
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Chapter 1

The international and national 
challenges faced in ensuring prudent 
use of antibiotics

Susan Hopkins

Introduction to the challenges faced in ensuring prudent 
use of antibiotics
Antimicrobial resistance (AMR) is a natural phenomenon in which microbes evolve and develop 
traits that enable them to survive exposure to antimicrobial agents. In the past, the problem of 
resistance to antimicrobials was addressed by developing new agents to which clinically import-
ant pathogens were not (at least initially) resistant. There is a relative lack of new antimicrobials 
that are likely to become available for use in the near future; for example, there are only three 
antibiotics in development at present that could potentially be active against multidrug-â•‰resistant 
Gram-â•‰negative bacteria. Therefore the priority is to understand the challenges of AMR and con-
sider methods whereby healthcare organizations, public health researchers, policy makers, and 
the public can prudently use the antimicrobials that are currently available to prevent the apoca-
lyptic scenario of pan-â•‰resistance.

Despite the decline in mortality rates from infectious diseases, the burden of disease and the 
economic impact of infections and infectious diseases, estimated to be approximately £30 billion 
each year in England, remain high. The presence of AMR challenges the treatment of clinical 
infections. These infections are more difficult to eliminate or contain in the host, resulting in 
poorer treatment outcomes, longer hospital inpatient stays, and increased mortality [1]â•„. Recent 
English data showed that Escherichia coli bloodstream infections that were resistant to ciprofloxa-
cin were associated with increased mortality [2]. Additionally, modern medicine, which includes 
complex surgical procedures and cancer treatments, is reliant on effective antibiotics to treat and 
prevent infections. Antibiotics are unusual in that the inappropriate use of antibiotics has a nega-
tive effect not only on the individual taking the medication but also, through ecological pressure, 
throughout society, with impacts on the emergence and spread of bacteria.

In 2013, more than 50% of children worldwide who died before the age of 5 died from infec-
tious causes [3]â•„. The burden of AMR and its societal cost are expected to continue to rise unless 
significant progress is made in preventing infections and developing diagnostics and new drugs to 
treat infections. A recent economic analysis estimated that unless we take the right steps to control 
AMR soon, a continued rise in resistance by 2050 may lead to 10 million people dying prema-
turely every year, with an estimated 300 million deaths by 2050 unless the current trajectory is 
halted. The report also estimated a 2–â•‰3.5% reduction in the world’s gross domestic product (GDP) 
in 2050, with a cost of approximately USD 100 trillion [4].
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In the UK, the scale of the threat of AMR and the case for action were set out in the ‘Annual 
report of the Chief Medical Officer 2011’, published in March 2013 [5]‌. In response, the govern-
ment published the ‘UK five year antimicrobial resistance strategy 2013 to 2018’ in September 
2013 [6]. This cross-​government strategy sets out seven key areas of action to address AMR. The 
World Health Organization (WHO) is in the process of developing a global action plan on AMR, 
which was endorsed by the World Health Assembly (WHA) in May 2015. The Global Health 
Security Agenda (GHSA), launched in 2014 by the US government, has recognized antimicrobial 
resistance as one of four key risks to global health [7].

The focus of this chapter is antibacterial resistance and stewardship, as this is recognized as the 
largest current threat. The same principles of resistance and stewardship, however, can be applied 
to antifungals, antivirals, and antiprotozoals.

How do bacteria become resistant?
AMR is the ability of microorganisms to grow in the presence of a drug that was previously able to 
kill them or limit their growth. Some bacteria are naturally resistant to certain antibiotics as they 
lack the drug’s target structure. This is called intrinsic or innate resistance. Acquired or extrin-
sic resistance results from the acquisition of mutations, usually occurring during multiplication 
(more common in viruses with single point mutations conferring resistance) or through the 
spread of genes on mobile genetic elements such as plasmids. The multiplication and transmis-
sion of resistance genes in and between bacterial species can occur directly through conjugation 
or during cell lysis or transduction when bacterial cells are infected by bacteriophages.

The main mechanisms of AMR are as follows:
	◆	 enzymatic destruction, e.g. TEM beta-​lactamases, extended spectrum beta-​lactamases and 

more recently described carbapenemases in Gram-​negative bacteria;
	◆	 alterations of the cell wall to prevent entry or attachment of the antimicrobial, e.g. the altera-

tion of penicillin-​binding protein 2A confers methicillin resistance in Staphylococcus aureus;
	◆	 increased efflux of antimicrobials if entry occurs, e.g. the MexXY multidrug efflux system in 

Pseudomonas;
	◆	 chemical modification of the antimicrobials, e.g. enzymatic modification of aminoglycosides 

to inactivate the molecules;
	◆	 modification of the site or the metabolic pathway targeted by the antimicrobial, e.g. bypass of 

the folic acid pathway in bacteria to prevent sulfa or trimethoprim antibiotics from working.

What influences the spread of resistance?
In both humans and animals, antibiotics provide selection pressure to favour the emergence of 
resistant strains. Resistant bacteria can spread between humans through person-​to-​person con-
tact in the community, care homes, and in hospitals. Environmental reservoirs are an important 
vector in hospitals. Increasingly, the impacts of travel and health tourism are also recognized 
as a route for acquisition of resistant bacteria in humans [8]‌. Resistant bacteria from animals 
and humans can be transmitted in both directions, through human contact with live farm, 
wildlife, or companion animals or their environments, through preparation and ingestion of 
contaminated food (both imported and locally produced animal and vegetable or fruit items), 
and through contact with effluent waste from humans, animals, and industry through occu-
pational and recreational activities—​this is especially important where sewage is uncontrolled 
(Figure 1.1).
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Many studies have demonstrated both an individual and an ecological effect between anti-
microbial treatment and resistance in humans and animals. This is particularly important in 
care settings and among the elderly, where there is increased consumption of antibiotics. In the 
acute hospital setting, one in three patients is on antibiotics [10] at any point in time, with 30–â•‰
50% assessed as receiving the incorrect antibiotic or not clinically requiring an antibiotic when 
reviewed by experts [11,12]. Eighty per cent of all antibiotics are prescribed in general practice. 
In the community, one in three individuals receives at least one prescription each year, rising to 
more than one in two in those aged over 85 years [13]. In community care homes, one in twenty 
individuals is on an antibiotic at any time. In the developing world, uncontrolled antibiotic sales 
and inadequate doses and durations of therapy all produce the perfect storm for the selection of 
resistance.

The importance of surveillance
Surveillance of AMR is required to track emerging drug resistance, monitor the susceptibility 
of microorganisms to antimicrobials, and define AMR phenotypes (expression) and genotypes 

Important route when poor
sewage and water treatment Humans

Sewage

Food Environment
(water and soil)

Pets

Manure

Animals

Food animals

Antibiotic use,
selecting resistance

Transfer pathways Antibiotic cycle

Crops Antibiotic
use

Figure 1.1â•‡I nteractions between humans, animals, food, environment, and antibiotics. Interactions 
occur across local, regional, national, and international boundaries with movement of humans, 
animals, and food within and between countries [9]â•„.

Reproduced from ESBLs—â•‰A threat to human and animal health, Report by the Joint Working Group of DARC and ARHAI, 
© Crown Copyright 2012, under the Open Government Licence v.3.0, available from https://â•‰www.gov.uk/â•‰government/â•‰
uploads/â•‰system/â•‰uploads/â•‰attachment_â•‰data/â•‰file/â•‰215180/â•‰dh_â•‰132534.pdf
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(molecular DNA). It is necessary to inform the scale of the problem, assess trends, evaluate the 
public health burden of AMR in the population, and monitor the impact of interventions aimed to 
minimize the spread and burden of AMR. Dissemination of information from AMR surveillance 
improves infection treatment guidelines on the correct antibiotics to use in patients to prevent 
complications. A recent WHO report highlighted the lack of robust global AMR surveillance: of 
the 194 member states, 114 (58.7%) returned data on at least one of the nine areas and only 22 
(11%) were able to provide data on all nine combinations requested, with the largest gaps being in 
Africa, the Middle East, and European states outside the European Union.

Antibiotic sales worldwide are of the order of USD 40 billion annually. The gathering of anti-
microbial consumption data allows comparison of both overall and individual antibiotic meas-
urements between prescribers, general practices, hospitals, and countries. This is important to 
determine over time whether antibiotic consumption is increasing or decreasing, the ecological 
impact of antimicrobial prescribing at local, regional, and national levels, and whether the levels 
of specific agents are justifiable on the basis of resistance or other policy decisions. Two multi-
national European studies have demonstrated that antibiotic prescribing of penicillins, cephalo-
sporins, and macrolides in primary care is significantly correlated with resistance in Streptococcus 
pneumoniae [14,15]. In addition, a pooled meta-​analysis demonstrated that bacteria of both the 
urinary and respiratory tracts were more than twice as likely to have resistance detected within 
2  months of patients receiving an antibiotic than those in patients who were not treated with 
antibiotics [16]. Antibiotic prescribing within hospitals is also known to select for resistant 
organisms [17].

The timeline of resistance development
The relationship between the development of resistance and time follows a sigmoid distribu-
tion. This is illustrated in Figure 1.2 using data from the European surveillance system for third-​
generation cephalosporin resistance. This demonstrates that after a prolonged lag phase, Sweden, 
despite its best efforts in antibiotic prescribing, has started to see an increase from 0% to 5% 
resistance over the last 13 years. Both the UK and Greece have gone through rapid increases in 
resistance: in the UK from 1% to almost 15% third-​generation resistance in 13 years and in Greece 
from 4% to 17% in the same period. There were more than ten times more community prescrip-
tions of third-​generation cephalosporins in Greece [in 2000, 6.7 defined daily doses per 1000 
inhabitants per day (DID)] than the UK (0.8 DID) or Sweden (0.5 DID). There is no doubt that 
the influence of both hospital and community prescribing combined had an impact on resistance 
that emerged and spread.

Since 2010, despite knowledge and awareness of the issue, there have been continued increases 
in AMR. The emergence of carbapenem resistance in Klebsiella across Europe is particularly 
important. Almost all countries are now reporting carbapenem resistance that varies from rare 
sporadic cases to regional spread across countries [19]. This suggests that if carbapenem resist-
ance acts in a similar manner as described for cephalosporin resistance almost all countries in 
Europe will have a substantial problem by 2020 to 2025. This is demonstrated with the maps of 
resistance in Klebsiella pneumoniae from EARS-​Net in 2009 and 2013. In 2013, Italy, Romania, 
and Greece reported very high proportions of carbapenem resistance (20.5, 34.3, and 59.4%, 
respectively), resulting in minimal, and in some cases no, effective antibiotic treatment being 
available for bloodstream infections in critically ill patients (see Figure 1.3).

With few new antibiotic treatment agents in development, there are a limited number of anti-
biotic treatment options available to treat resistant bacteria causing human and animal infec-
tions. It  is essential that prudent prescribing occurs in both humans and animals to maintain 
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Figure 1.2  (a) The development of antimicrobial resistance over time [18] and (b) an example from 
Europe showing the proportion of E. coli resistant to third-​generation cephalosporins in the UK, 
Sweden, and Greece, 2000–​13 [19].

(a) Reproduced with permission from RD Smith et al., Interventions against antimicrobial resistance: a review of the 
literature and exploration of modelling cost-​effectiveness, Global Forum for Health Research, September 2001, Copyright 
© Richard Smith, Joanna Coast, Michael R. Millar, Paula Wilton and Anne-​Marie Karcher. Published by the Global Forum 
for Health Research 2001. (b) Reproduced with permission from European Centre for Disease Prevention and Control 
(ECDC), Antimicrobial Resistance Interactive Database, Copyright © ECDC, http://​ecdc.europa.eu/​en/​healthtopics/​
antimicrobial_​resistance/​database/​Pages/​database.aspx, accessed November 2015.

http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/database.aspx
http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/database.aspx
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Figure 1.3 C arbapenem resistance in Klebsiella pneumoniae bloodstream infections in EU/​EEA 
countries: (a) 2009 and (b) 2013 [19].

Reproduced with permission from European Centre for Disease Prevention and Control (ECDC), Antimicrobial Resistance 
Interactive Database, Copyright © ECDC, available from http://​ecdc.europa.eu/​en/​healthtopics/​antimicrobial_​resistance/​
database/​Pages/​database.aspx, accessed November 2015.

http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/database.aspx
http://ecdc.europa.eu/en/healthtopics/antimicrobial_resistance/database/Pages/database.aspx
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effectiveness of the antibiotics that are considered critically important to human health. It is there-
fore essential to understand how antibiotics are used and evaluate how prescribing can be opti-
mized in human and veterinary medicine to limit the development of resistance. Antibiotic use 
continues to increase in many European countries; Figure 1.4 highlights three different patterns 
of community antibiotic consumption. While there are no international or national standards on 
the appropriate level of antibiotic consumption for each population, Sweden, which has the lowest 
consumption in Europe, is aiming to reduce consumption by at least a further 25% by 2020. In 
2015, England introduced prescribing quality measures with the aim of reducing total antibiotic 
prescriptions in primary and secondary care.

Solutions to antimicrobial resistance

AMR control and antimicrobial development
AMR is a natural phenomenon that cannot be eliminated, but the development and spread of 
AMR can be slowed. The following approaches are key to the control of AMR: infection preven-
tion and control, vaccination, antimicrobial stewardship, public and practitioner education, and a 
unified approach across human and animal health (commonly called ‘one health’).

There are two main methods for trying to control AMR: decrease the selection pressure of anti-
microbials to prevent the selection of resistance and/â•‰or reduce the transmission of resistant organ-
isms or the genetic determinants of resistance to prevent infection of other individuals. Examples 
of both of these approaches are outlined in Table 1.1.

Leadership, both political and clinical, across all countries will be required to stimulate key 
actions. The launch of the WHO global action plan will assist this, though it needs to be coupled 
with action on the ground through improved AMR surveillance, antimicrobial stewardship, better 
diagnostics, and effective infection prevention and control. Coupled with this, new antibiotics and 
clinical trials are required to determine the best drugs, treatment durations, and combinations for 
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Figure 1.4â•‡T rends in the consumption of antibiotics in the community from France, Sweden, and the 
UK, 1997–â•‰2013 [19].

Reproduced with permission from European Centre for Disease Prevention and Control (ECDC), Antimicrobial Resistance 
Interactive Database, Copyright © ECDC, available from http://â•‰ecdc.europa.eu/â•‰en/â•‰healthtopics/â•‰antimicrobial_â•‰resistance/â•‰
database/â•‰Pages/â•‰database.aspx, accessed November 2015.
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both multidrug-​resistant infections and the key syndromes that contribute to AMR morbidity and 
mortality in individual patients.

The recent O’Neill report has highlighted that a new commercial model is required to encourage 
improved research and development of antibiotics [20]. Currently, commercial return on a new 
antibiotic is uncertain because clinicians and policy makers will want that antimicrobial to remain 
on the shelf to be used only in certain restricted conditions, often meaning that widespread use 
does not occur until close to the end of the life of the patent. One of the suggestions is to develop 
a global organization with lump sum payment on the development of a new antimicrobial that 
meets certain requirements. This would break the link between profitability of a drug and the 
volume of sales. Another suggestion is a global AMR innovation fund to allow ‘blue-​sky’ thinking 
and innovative research, with Big Pharma investing in such a fund for ‘enlightened self-​interest’. 
Finally, there should be reduced barriers and improved efficiency for research and clinical trials, 
while maintaining patient safety.

Until new models for antimicrobial development are enacted new antimicrobials will remain 
in poor supply, and every prescriber must be required to improve antibiotic stewardship by every 
possible means.
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Chapter 2

What are the principles and goals 
of antimicrobial stewardship?

Fiona Robb and Andrew Seaton

Introduction to the principles and goals  
of antimicrobial stewardship
The aim of antimicrobial therapy is to effect cure of infection or, in some circumstances, to pre-
vent infection. Benefits, from cure of life-â•‰threatening microbial infections to a vital supporting 
role in many modern medical advances, have occurred in the ‘blink of an eye’ relative to human 
history and have been followed apace by the development and recognition of antimicrobial resist-
ance (AMR). In Alexander Fleming’s 1945 Nobel Lecture [1]â•„ he warned:

The time may come when penicillin may be bought by anyone in the shops. Then there is the danger 
that the ignorant may easily under-â•‰dose himself and by exposing his microbes to non-â•‰lethal quantities 
of the drug make them resistant.

Despite Fleming’s warnings, 70 years later the World Health Organization (WHO) reported [2]â•„:

In most countries, antibiotics can be purchased in markets, shops, pharmacies or over the internet 
without prescription or involvement of a health professional or veterinarian. Poor quality medical 
and veterinary products are widespread, and often contain low concentrations of active ingredients, 
encouraging emergence of resistant microbes.

AMR has developed, to a degree, to all available antimicrobials. Combined with a drought of 
novel therapies, there are increasing limitations on treatment options for resistant infections.

Other important ‘collateral’ or unwanted effects of antimicrobials include the ‘unseen’ alterations 
of the gut flora, a critical step in susceptibility to Clostridium difficile acquisition and infection (CDI).

Together, AMR and CDI are of major importance, particularly in settings where broad-â•‰spectrum 
prescribing is combined with susceptible, vulnerable patient populations. Resultant healthcare-â•‰
associated infections (HCAI), estimated to occur in 4.9% of patients in acute hospital care settings in 
Europe, highlight the fundamental importance of antimicrobial prescribing in modern healthcare [3]â•„.

Observation of international differences in resistance, correlating with the volume of antimi-
crobials consumed in different populations, gives hope that antimicrobial control may be key to 
controlling resistance. In Nordic countries, where prescribing of antimicrobials is restrictive and 
regulated, rates of methicillin-â•‰resistant Staphylococcus aureus (MRSA) are low (<5%) compared 
with southern Europe where antimicrobial regulation has been less evident and MRSA rates are 
high (25–â•‰50%) [4]â•„. There are historical examples where strict antibiotic restrictions have been 
associated with precipitous reductions in certain infections [5].

Improving the utilization of existing antimicrobials has been central to national AMR strategies. 
The ‘UK five year antimicrobial resistance strategy 2013 to 2018’ [6]â•„ emphasizes the importance of 
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strategies to improve the quality and safety of prescribing, the conservation of currently available 
agents with increased surveillance of antimicrobial utilization and resistance patterns in conjunc-
tion with implementation of improved infection control practices, and the development of new 
diagnostics and antimicrobials. The UK strategy is complemented by other resources from UK 
administrations including the ‘Scottish management of antimicrobial resistance action plan 2014–â•‰
18’ (ScotMARAP 2) [7], which includes division of responsibility through health structures from 
government to individual healthcare professionals. The 2015 WHO global action plan on resist-
ance sets out five strategic objectives including improvement of the utilization of antimicrobials [2].

What is antimicrobial stewardship?
Antimicrobial stewardship (AMS) is a coordinated, quality improvement strategy designed to 
encourage the appropriate use of antimicrobial agents to optimize clinical outcomes while minimiz-
ing collateral antimicrobial effects. Collateral effects are primarily AMR and CDI but also include 
any other adverse antimicrobial event. AMS promotes prudent, effective prescribing through opti-
mization of antimicrobial selection, dosage, duration of treatment, and route of administration [8]â•„.

An AMS programme (ASP) is one empowered by an organization to deliver AMS on its behalf. 
It encompasses both clinical leadership in prescribing and corporate responsibility for prescribing 
practice, including strategy, surveillance of antimicrobial use, and education relating to antimi-
crobial therapy. Availability of prescribing and resistance data and an understanding of prescrib-
ing culture and practice are fundamental to inform interventions, guidance, and educational 
activities (Box 2.1). Traditionally ASPs have focused on hospital-â•‰based prescribing, where the use 
of broad-â•‰spectrum antibiotics is most prevalent and infections most severe.

An example of the principles and framework for AMS are outlined in the 2005 document 
‘Antimicrobial prescribing policy and practice in Scotland: recommendations for good antimicrobial 

Box 2.1â•‡ Key requirements and functions of an antimicrobial 
stewardship programme

An ASP should:
	1	 Deliver the national antibiotic agenda locally, optimize antibiotic prescribing, and with 

infection prevention control teams contribute towards reduction in antibiotic resistance 
and healthcare-â•‰associated infections including CDI.

	2	 Receive support from clinical and managerial leadership who are accountable for the ASP 
outcomes.

	3	 Develop and implement appropriate educational packages for all healthcare professionals 
to improve knowledge of antibiotics and to support the ASP interventions.

	4	 Promote adherence to recommended good antibiotic prescribing practices.
	5	 Develop and survey standard datasets of antibiotic usage and antimicrobial resistance.
	6	 Audit and feed back the results of any new intervention and interpreted surveillance data 

to key stakeholders.
	7	 Assess adherence to antibiotic guidelines and progress towards national antibiotic targets 

through the introduction of performance indications.
	8	 Have flexibility to respond acutely to emerging challenges including collaborating with 

IPC teams during HCAI outbreaks where antibiotic prescribing may be implicated.
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practice in acute hospitals’ [9]â•„ in which key recommendations are made regarding the delivery of 
good antimicrobial practice in acute hospitals. These include recommendations for training, audit, 
and performance indicators as well as the definition and development of antimicrobial manage-
ment structures, including the formation of multidisciplinary antimicrobial management teams 
(AMTs), who have responsibility, and accountability. In 2008, the Scottish Government extended 
the remit of ASPs by directing all health boards to appoint AMTs with responsibility for both hos-
pital and community-â•‰based prescribing in response to increasing concerns regarding CDI [10].

The antimicrobial management team
At the heart of an ASP is its interdisciplinary AMT [8,9]. Expertise within the team should 
encompass therapeutics, AMR, diagnostics, and clinical infection management. Typically the 
team should comprise medical infection specialists, clinicians, and antimicrobial pharmacists 
with close links to laboratory diagnostics, infection prevention control teams, and information 
technology systems. Antimicrobial pharmacists are key individuals who support and direct AMS 
activities, and in the UK their expertise is supported by an expert professional curriculum [11]. 
While the AMT is responsible for stewardship strategy it should be informed by representation of 
key stakeholders and clinical experts both internal and external to the organization. These should 
include general practitioners and pharmacy prescribing advisers, hospital-â•‰based clinicians repre-
senting major prescribing specialities (e.g. medicine, surgery, intensive care, haemato-â•‰oncology, 
and paediatrics), specialist hospital-â•‰based pharmacists, nursing professionals, the infection pre-
vention and control (IPC) team, and patient safety teams.

ASPs are unique within healthcare, lying between two traditionally separate streams of gov-
ernance, namely IPC and therapeutics. It is important therefore that the AMT communicates 
through both channels, sharing intelligence regarding prescribing practice and AMR (and other 
consequences of prescribing) and keeping both abreast of developments and interventions. In 
order to ensure implementation of strategy, guidance, and quality improvement it is essential that 
there are lines of communication between the AMT and senior healthcare management includ-
ing speciality clinical leaders. It is also important that the AMT works with clinical governance 
and risk management teams to ensure the implementation of safe and effective antibiotic guide-
lines. These relationships support monitoring for outcomes, including unintended consequences, 
and ensure that measures to resolve issues and implement improvement processes are in place 
(Figure 2.1).

Specific aims of an antimicrobial stewardship programme
An ASP aims to improve antibiotic prescribing, minimize harm, reduce antibiotic resistance and 
HCAI, and promote cost-â•‰effective prescribing. These aims are supported by a series of primary 
objectives, or ‘drivers’, including robust stewardship infrastructure, improved education on anti-
biotics, introduction of good antimicrobial prescribing practices, surveillance of antimicrobial 
usage and resistance patterns, audit and feedback of antimicrobial policies, and application of 
quality performance indicators. Each intervention is underpinned by the prudent antimicrobial 
prescribing ethos ‘the right drug at the right time at the right dose for the right duration’ [8]â•„.

Primary objectives may be further broken down by ‘secondary drivers’ or planned projects and 
activities designed to achieve the primary objectives and overall aims. Activities include develop-
ment of infection management and surgical prophylaxis guidelines, development of education 
packages, and collaborative working with IPC teams. Interventions are therefore measurable, pro-
viding an opportunity to track progress towards achieving the overall aims. It is important that 
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this plan is dynamic and adjustable to address local and national ASP priorities. An example of an 
antimicrobial stewardship driver diagram used within ScotMARAP 2 [2]â•„ and adapted from the 
Centers for Disease Control and Prevention and Public Health Institute in the USA [12] is shown 
in Figure 2.2. The driver diagram includes key ASP themes, two of which are described below 
together with the need for leadership. The remaining themes are described in other chapters of 
this book.

Education
To ensure the continued sustainability of any ASP it is important to provide a solid foun-
dation of knowledge about antimicrobial stewardship and infection prevention and control 
tailored appropriately for all healthcare professionals. Embedding the principles of antimi-
crobial stewardship and adherence to infection guidelines within medical, pharmacy, and 
nursing school curricula is fundamental to this end. Of particular importance for medical 
prescribers as they transition from student to practitioner is practical induction into pru-
dent prescribing practice. For post-â•‰graduates the development of various multidiscipli-
nary educational resources and initiatives, including case-â•‰based learning, on-â•‰line learning 
modules, electronic updates, webinars, and ‘bedside learning’ via infection specialist-â•‰led 
antimicrobial rounds, is important. Continuous feedback on prescribing practice and 
involvement in quality improvement programmes is of particular value in reinforcing  
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AIM PRIMARY DRIVERS SECONDARY DRIVERS

Timely and appropriate 
antimicrobial use in all 
health and care settings

• Improved clinical 
outcomes for patients
with infections

• Decreased incidence 
of antimicrobial-
related adverse drug
events

• Decreased prevalence 
of antimicrobial 
resistant healthcare-
associated pathogens

• Decreased incidence 
of healthcare-
associated 
Clostridium difficile 
infection (CDI)

• Improved cost-
effective use of 
antimicrobials 

•  Establish stewardship as an organisational priority and ensure links to management, infection 
   prevention and control and patient safety groups
•  Ensure national and local education programmes on antimicrobial stewardship meet the training needs 
   of all healthcare staff
•  Promote antimicrobial stewardship in primary care through adoption of training programmes e.g. 
   ScRAP and TARGET training tools
•  Increase healthcare provider, patient and public awareness of optimal antimicrobial use through 
   participation in European Antibiotic Awareness Day 

•  Introduce restricted infection management guidelines and surgical antibiotic prophylaxis guidelines
•  Commence antibiotic therapy promptly and within one hour of diagnosis of patients with sepsis
•  Obtain expert antimicrobial advice from infection specialists when required
•  Record indication for therapy, dose, dosage frequency, route of administration and duration in notes
•  Stop, IVOST or de escalate promptly based on culture and sensitivity reports

•  Monitor defined daily doses (DDDs) of restricted antibiotics (co-amoxiclav, cephalosporins, 
   clindamycin and ciprofloxacin)
•  Monitor DDDs of ‘alert/protected’ broad-spectrum antibiotics (piperacillin/tazobactam, meropenem)
•  Monitor and report trends of antimicrobial resistance 
•  Compare antibiotic usage and antimicrobial resistance trends and adjust antimicrobial management 
   guidelines to reflect evolutionary change

•  Conduct at least annual point prevalence study of hospital antimicrobial use.  
•  Target areas of poor antimicrobial prescribing or non-adherence to guidelines and feedback results to 
    the healthcare providers
•  Ensure reliable processes in place to monitor and audit for toxicity or unintended consequences of 
   antimicrobial guidelines

Stewardship 
infrastructure and staff 

education

Adherence to good 
antimicrobial prescribing 

principles

Audit and Feedback

Performance indicators

•  Develop and implement performance indicators for both primary and secondary care, to assess 
   adherence to antimicrobial guidelines and progress towards achieving Government healthcare targets 
•  Display results on run charts and feedback at both local and national level

Surveillance

Figure 2.2 A n example of an antimicrobial stewardship driver diagram used within ScotMARAP 2 [2]‌ (IVOST, intravenous to oral antibiotic switch therapy).

Source: data from World Health Organization, Antimicrobial resistance draft global action plan on antimicrobial resistance, Sixty-​Eighth World Health Assembly, 27th March 2015, Copyright 
© WHO 2015, available from http://​apps.who.int/​gb/​ebwha/​pdf_​files/​WHA68/​A68_​20-​en.pdf?ua=1; and Institute for Health Improvement, CDC Antimicrobial Stewardship Driver Diagram, 
available from http://​www.cdc.gov/​getsmart/​healthcare/​pdfs/​Antibiotic_​Stewardship_​Driver_​Diagram_​10_​30_​12.pdf

http://apps.who.int/gb/ebwha/pdf_files/WHA68/A68_20-en.pdf?ua=1
http://www.cdc.gov/getsmart/healthcare/pdfs/Antibiotic_Stewardship_Driver_Diagram_10_30_12.pdf
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good prescribing practice, whilst demonstration of learning attainment can be used for pro-
fessional appraisal and revalidation.

In UK primary care, interactive, case-â•‰based antimicrobial education tools include TARGET 
(‘treat antibiotics responsibly, guidance, education, tools’) [13], which is supported by the Royal 
College of General Practitioners, and the Scottish reduction in AMR (ScRAP) programme [14].

The Professional Education sub-â•‰group of the Expert Advisory Committee on AMR and 
Healthcare Associated Infections and Public Health England have developed a progressive com-
petency framework entitled ‘Antimicrobial prescribing and stewardship competencies’ designed 
for prescribers across primary and secondary care [15]. This should complement continuous pro-
fessional development relating to antibiotics for prescribers at all levels, regardless of speciality. 
Similarly, NHS Education for Scotland has developed an educational package supporting stew-
ardship among nurses [16].

Raising awareness and educating users of the healthcare system is clearly important. The annual 
European Antibiotic Awareness Day is a public health initiative that provides the opportunity to 
focus on ASPs by engaging all healthcare staff and members of the public [17].

Quality performance targets
In the UK, performance indicators support the delivery of national and local health priorities. 
These include targets supporting and evaluating adherence to ASPs. Prescribing indicators are 
valuable in giving recognition and priority to ASPs and drive improvements in practice support-
ing reduction in HCAI and AMR.

In Scotland, hospital-â•‰based indicators include empirical antibiotic prescribing targets (compli-
ance with policy and rationale for treatment recorded in ≥ 95% of cases) and surgical prophylaxis 
(a single dose of a policy-â•‰compliant antibiotic given in elective surgery in ≥ 95% of cases) [18]. 
Local feedback by AMTs to clinicians drives improvement locally, while national comparisons 
can also be made. Local clinician involvement engages and promotes improvement in practice.

In primary care in Scotland, seasonal variation in fluoroquinolone prescribing of less than 5% 
was selected as a prescribing indicator to reduce observed inappropriate prescribing for respira-
tory tract infections in winter. Educational activities, prescribing prompts, and feedback through 
prescribing advisors supported changes in practice and improvements were observed [19]. 
Subsequently an indicator to reduce total antibiotic usage was adopted with a focus on shorter-â•‰
course therapy and the avoidance of unnecessary prescribing for viral infections. The measure is 
items dispensed/â•‰1000 days with a target of ≥ 50% GP practices to achieve/â•‰make significant move-
ment towards the lower 25th percentile of antibiotic prescribers [19]. This target is supported by 
the ScRAP toolkit [14].

The importance of national leadership  
in antimicrobial stewardship
To enable delivery of a safe and effective ASP there must be clinical leadership, engagement with 
prescribers and key stakeholders, management support, and adequate funding. National prioriti-
zation is essential to support local practice. ASPs now have a global priority and are embedded 
in health strategy in many countries, including much of Europe, Australasia, and the USA. There 
are great challenges in delivering ASP in countries with poor health infrastructure or where there 
are cultural barriers towards restricting individual prescribing practice. Locally sensitive solu-
tions should be supported by evidence and expertise from countries with advanced stewardship 
practice.
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Whilst long-â•‰term global strategies are required, application of an ASP that engages commit-
ment from key stakeholders at both national and local level makes it possible to significantly 
improve patient safety and the quality of antimicrobial prescribing for potentially large popula-
tions of patients.
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Chapter 3

Managing behaviours social, cultural, 
and psychological aspects of antibiotic 
prescribing and use

Esmita Charani and Gabriel Birgand

Introduction to managing behaviours
The association between antibiotic consumption and the emergence of antibiotic resistance is well 
established, and yet antibiotic prescribing remains suboptimal [1]â•„. To address this issue, govern-
ments and organizations implement policy-â•‰ and practice-â•‰based interventions [2]. This approach 
assumes that the behaviour of prescribers is congruent with these interventions. The unintended 
consequence of antibiotic use, the emergence of resistance, is intangible at the point of antibiotic 
prescribing and consumption and remains difficult to translate into prescribing policy. The social, 
cultural, and environmental factors that might affect behaviour are rarely taken into account when 
developing interventions [3]. This may well be one of the reasons why it remains a challenge to 
optimize antibiotic prescribing. Theoretical frameworks from psychology and social sciences that 
address the issues of how to change behaviour and sustain such change over time remain under-
used. Antibiotic stewardship programmes need to incorporate in their design an understanding 
of the cognitive biases that underpin prescribing behaviour.

Most interventions targeting antibiotic prescribing in secondary care have at their core 
the intention to change prescribing behaviours. However, very few published studies have 
attempted to incorporate social science research into their methods [4]â•„. Studies that have 
tried to apply the social and human sciences to research in antibiotic stewardship have high-
lighted the important influence of underlying cultures and etiquette on antibiotic prescribing 
behaviours [5].

This chapter invites the reader to reflect on the significance of the social, cultural, and psycho-
logical determinants of antibiotic prescribing behaviours. It will describe why the social sciences 
cannot be overlooked in antibiotic stewardship, and provide examples of how to apply these prin-
ciples in practice using real cases, with emphasis on strategies for changing behaviour.

The multifaceted aspect of antibiotic prescribing
Antibiotics have been instrumental in saving millions of lives by treating infectious diseases that 
were a major cause of death until the early decades of the twentieth century. It can be argued 
that they have made the single most significant contribution to public health. In their early use, 
antibiotics were ferociously promoted as a ‘cure-â•‰all’ intervention. Thus, antibiotics became a 
common matter-â•‰of-â•‰fact solution available to any prescriber. A prescription for an antibiotic is 
viewed as a trivial commodity that provides a clear individual benefit to patients without any 
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major side effects. This perception of antibiotics is now embedded in medical and social culture. 
However, this is a deep-â•‰rooted misconception. The excessive and indiscriminate use of these 
so-â•‰called miracle drugs has led to the emergence and dissemination of resistant organisms that 
render antibiotics ineffective [6]â•„. The uncontrolled use of antibiotics leads to collateral damage, 
not only putting at risk the patient being treated but also jeopardizing the future treatment of 
other patients.

Medical education has followed a very specific path, with students and doctors being trained 
through pathways to cure patients using the most effective strategy. This education policy is now 
deeply entrenched in medical culture. Through the boom in information technology, patients 
are also exposed to medical practices and so-â•‰called knowledge that is unchecked, unverified, and 
sometimes inaccurate. Their perceptions and expectations put an external pressure on the pre-
scriber in the commercial context of health. Thus, the prescription of antibiotics is the result 
of a complex deliberative process balancing short-â•‰term benefits to the patient with the negative 
medium-â•‰ to long-â•‰term effects on bacterial ecology, with selection of multi-â•‰drug resistant (MDR) 
organisms.

This conflict between individual benefit clearly tangible to the prescriber and the patient and 
insidious and invisible collateral damage introduces a strong psychological component into the 
complex process of antibiotic prescribing and consumption.

Evidence from social science—â•‰why we need  
to address culture

Two examples of the use of social science in other fields
The limited application of key theories of behaviour change in antibiotic interventions contrasts 
with other areas that have demonstrated the success of providing goal-â•‰setting, feedback, and 
action planning in changing the behaviour of health professionals in hospitals.

The first example is intervention to improve hand hygiene, with the successful use of ‘action-
able feedback’ [7]â•„. This model emphasizes that feedback should be timely, individualized, non-â•‰
punitive, and customized. Providing real-â•‰time feedback for antibiotic use requires the collection 
and analysis of numerous data elements to examine trends in use. For antibiotic stewardship, 
it may be more challenging to assign individual responsibility for actions than it is for simpler 
behavioural targets such as hand hygiene. In secondary care, clinicians view antibiotic prescribing 
as a shared responsibility between practitioners who assess a patient’s clinical signs and laboratory 
data over the course of his or her illness [8].

A second example of quality improvement through actionable feedback is the Michigan inten-
sive care unit (ICU) project [9]â•„ which achieved a significant reduction in central line-â•‰associated 
bloodstream infections. This successful intervention was based on the use of checklists that 
reminded participants about the care bundle elements to be implemented. The checklist may have 
stimulated a culture change, increasing safety as a priority for the participating clinical teams. 
A  detailed ethnographic study following the implementation of the same checklist in the UK 
revealed marked differences between the few ICUs that achieved reduction in central line blood-
stream infections versus the majority that did not [9]. In successful ICUs, data collection was 
embedded into the daily routine with reminders about important care processes and regular feed-
back and discussion of results. In contrast, in the unsuccessful ICUs information and decisions 
about infections were collected by external people responsible for delivery of the intervention. 
So the successful interventions were characterized by self-â•‰monitoring as well as by actionable 
feedback.
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Cultural aspects
The variation in antibiotic consumption across countries, hospitals, and specialities under-
scores the potential influence of culture on antibiotic prescribing [10]. People hold different 
ideas about health, the causes of disease, labelling of illness, and treatment modalities. These 
ideas shape both the expectations and the behaviour of healthcare professionals. Furthermore, 
such ideas are shaped and reinforced thorough local prevailing cultures, for example within 
specialities.

Concepts of ‘uncertainty avoidance’ (i.e. an unwillingness to accept uncertainty and risks) 
and ‘power distance’ (i.e. a willingness to accept that power is unevenly distributed) have been 
described as the reasons for cultural influences [11]. Antibiotics have a defensive function: the 
prescriber and the patient aim for certainty.

The culture-â•‰specific way that people deal with authority is important in explaining differences 
in antibiotic use and the part played by uncertainty avoidance. At the country scale, egalitarian 
societies (the Netherlands, the UK, and Scandinavian countries) consume fewer antibiotics than 
hierarchical societies (France, Italy, Spain, Portugal, and Greece) [12]. In hierarchical societies 
antibiotics may provide the healthcare professional with therapeutic power. These differences in 
use coincide with differences in religion [13].

Contextual aspects
Physicians within hospitals fail to use antibiotics appropriately in the presence of an internal 
obstacle that has a cognitive (knowledge) or affective (attitude) component, or in the presence 
of an external obstacle (organizational, social, political, or economic) that restricts professionals’ 
abilities.

External organizational obstacles influence the timeliness of antibiotic administration, i.e. 
laboratory results or lack of antibiotics. In a Cochrane review, 27 studies used organizational 
strategies (i.e. selective reporting of laboratory susceptibilities, formulary restriction) and three 
studies of structural organizational strategies (quality monitoring mechanisms) to improve 
prescribing [14]. However, the degree to which these various policies are used differs greatly 
between hospitals.

Different hospital disciplines are usually involved in antibiotic prescribing (e.g. clinicians, 
nurses, pharmacists, microbiologists) requiring important ingredients (e.g. care coordination, 
collaboration and communication between professionals, teamwork, and care logistics). This 
multi-â•‰professional care delivery system enhances clinical expertise and provides better care due 
to the insights of different bodies of knowledge and a wider range of skills.

Behavioural aspects
The gap between the care recommended in guidelines and the care provided varies across 
and within organizations [15]. Many individual characteristics, such as the professional 
background or clinical experience of healthcare professionals, can influence antibiotic use or 
beliefs about antibiotic practice [16]. Disagreement with recommendations, lack of outcome 
expectancy, lack of self-â•‰efficacy expectations, and lack of motivation might all lead to subop-
timal antibiotic use.

In-â•‰depth interviews with physicians indicate that perceived characteristics of a critical pathway 
(limited applicability, lack of flexibility to accommodate atypical clinical presentations, and per-
ception of insufficient evidence to support recommendations), and the physician’s need for local 
adaptation, influence adherence to that pathway [17].
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Application of behaviour change to improve  
antibiotic prescribing

Behaviour change interventions
Interventions to improve antibiotic prescribing can be divided into three different categories (Table 
3.1). Overall, restrictive interventions are more successful in the short term [14]. However, the 
overwhelming majority of studies provide minimal insight into the sustainability and unintended 
consequences of the interventions described. To be part of an effective and sustainable antibiotic 
stewardship programme, interventions should become a core component of patient safety pro-
grammes within healthcare systems [18]. Successful embedding of interventions into patient safety 
programmes requires a greater understanding of the prevailing systems and cultures in order that 
new interventions are integrated into existing decision architecture and pathways [19]. It is neces-
sary to evaluate the differences in efficacy between various stewardship interventions and the impact 
of inclusion of behaviour change science into the development and implementation of interventions.

Essential points for the implementation of behaviour  
change techniques
Published studies have identified the elements of behaviour change interventions as goal setting, 
self-â•‰monitoring, feedback, and action planning.

Table 3.1â•‡ Categories of behaviour change interventions in antibiotic prescribing

Types of intervention Example

Persuasive interventions Distribution of educational material

Educational meetings

Local consensus processes

Educational outreach visits

Local opinion leaders

Reminders provided verbally, on paper, or on computer

Audit and feedback

Restrictive interventions: a change 
to the antibiotic formulary or 
policy implemented through an 
organizational change that  
restricts the freedom of prescribers  
to select some antibiotics

A compulsory order form (prescribers have to complete a form 
with clinical details to justify use of the restricted antibiotics)

Expert approval (the prescription has to be approved by an 
infection specialist or by the head of department)

Restriction by removal (removing restricted antibiotics from  
drug cupboards)

Review and make change (the reviewer changes the prescription 
rather than giving health professionals either a verbal or written 
recommendation that they should change the prescription)

Structural interventions Changing from paper to computerized records

Rapid laboratory testing, computerized decision support systems

Introduction or organization of quality monitoring mechanisms

Text extracts reproduced with permission from Davey P et al., ‘Interventions to improve antibiotic prescribing practices for 
hospital inpatients (Review)’, Cochrane Database of Systematic Reviews 2013, Issue 4. Art. No.: CD003543, Copyright  
© 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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The quality of delivery of goal-â•‰setting (e.g. specificity, clarity, timeliness, with/â•‰without encour-
agement) has been shown to be associated with the effectiveness of the technique when applied to 
smoking cessation [20]. When implementing behaviour change interventions, it is crucial to be in 
agreement with stakeholders on a goal defined in terms of the behaviour to be achieved or a positive 
outcome of wanted behaviour. In the literature, goals are generally poorly specified in interventions, 
with communication of threshold and timing to participants being implied rather than explicit [4,21].

Feedback could be defined as the monitoring needed to provide informative or evaluative feed-
back on performance of the behaviour (e.g. form, frequency, duration, intensity). Feedback alone 
is only moderately effective, but combining it with goal-â•‰setting and action planning is associ-
ated with significantly enhanced effectiveness of audit and feedback interventions [22]. Behaviour 
change is most likely if feedback about one’s performance is accompanied by a comparison with 
a performance target and the provision of strategies to reduce discrepancies between one’s tar-
get and one’s actual performance [22]. Successful interventions include embedding data collec-
tion into the daily routine and reminders about important care processes, as well as by regular 
feedback and discussion of results. This type of intervention combines actionable feedback and 
self-â•‰monitoring [23]. Self-â•‰monitoring is the establishment of a method for the person to monitor 
and record their behaviour(s). As already noted, self-â•‰monitoring is usually more effective if it is 
combined with the provision of feedback, goal-â•‰setting, and action planning.

Action planning has been found to be an important technique in many behaviour change stud-
ies (of obesity or smoking cessation) [24]. It could be defined as the prompt detailed planning of 
performance of the behaviour (which must include at least one of context, frequency, duration, 
and intensity). An example of action planning is as follows: each clinical team has an identified 
coordinator who observes practices at both individual and group level and identifies a clear alter-
native strategy from the outset should the predefined targets not be met. The intervention can 
include rewards for achieving the target behaviour (e.g. a certificate that could be filed for use in 
professional development appraisal). A dose effect for action planning has been described by an 
increase in effectiveness with the number of action plans that are written [25].

Antibiotic stewardship—â•‰the key stakeholders
The key to successful teamwork requires an understanding of the champions and opinion leaders 
within clinical groups, who can then become engaged in stewardship activities and be encouraged 
to lead interventions locally.

Clinicians are the first key players in the improvement of antibiotic prescribing. To be effective, 
stewardship programmes should be integrated into existing medical specialities. The role of local 
non-â•‰infection specialist champions in leading best practice is perhaps the strategic cornerstone. 
Clinicians adhere to locally drawn lines of authority when it comes to prescribing decisions for 
their patients [26]. This decision is often mainly driven by the experience of seniors rather than 
guidelines. These cultural rules determining antibiotic prescribing are called ‘the prescribing eti-
quette’ [27]. Therefore, an incentive to change behaviours in prescribing may be to acknowledge 
local hierarchies and include opinion leaders within medical specialities in setting up policies and 
guidelines in prescribing.

The role of hospital pharmacists in antibiotic stewardship programmes varies across countries 
and hospitals. Their knowledge and experience in delivering safety and quality improvement ini-
tiatives should be used to ensure optimized antimicrobial usage. Pharmacists are in charge of 
the design and development of decision architectures in prescribing. Using pharmacy resources 
across specialities can help augment the organizational efforts in optimizing antibiotic usage, with 
a transverse overview of hospital-â•‰wide practices.
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Microbiologists constitute the keystone of a good antibiotic stewardship programme. These 
specialists advise clinicians with a balanced vision on the efficiency and the ecological aspects of 
antibiotic prescribing. Their reactivity in giving answers and providing diagnosis to clinicians is 
essential. The drawback is that not all hospitals have onsite microbiology laboratory facilities and 
lack of access to this essential resource may have an impact on prescribing behaviours [26].

Epidemiologists play a critical role in monitoring data and controlling antibiotic consump-
tion. Their contribution is essential for the purpose of surveillance of antibiotic resistance and 
consumption.

Neglected key stakeholders
To date, nurses have not been involved in antibiotic stewardship interventions. However, their 
contribution could improve practice. The role of nurses as organizational knowledge brokers is 
recognized [28]. They are being increasingly involved in improving quality of care. Highly expert 
individual nurses acting as antibiotic stewardship consultants can help bring the evidence regard-
ing optimal antibiotic use into the sphere of nursing practice. They may also encourage and spread 
the wider adoption of increased skills and responsibilities for all nurses.

Social scientists are somewhat neglected participants in antibiotic stewardship programmes. 
An understanding and application of the social sciences is essential in developing and imple-
menting interventions for behavioural change in antibiotic stewardship. These methods have been 
widely used in surgery to understand and improve teamwork and patient safety in the operating 
theatre. Tools such as checklists or team training using simulation have proved their efficacy in 
preventing complications [29].

Knowledge and the role of education

Influence of knowledge on antibiotic prescribing
A physician’s knowledge might influence antibiotic use: a lack of familiarity with or awareness of 
available evidence or consensus on appropriate antibiotic use might negatively affect prescrib-
ing behaviour. Physicians might not know enough about infectious diseases, the potential causa-
tive microorganisms, their susceptibility to antibiotic agents, or antibiotic drugs [30]. In teaching 
hospitals, junior staff (interns and residents) frequently make prescribing decisions even though 
hospital inpatients are becoming more acutely ill and their cases increasingly complex. The first 
priority then becomes ‘prevention of disaster within the next 24 hours’, a goal often thought to be 
best met by broad-â•‰spectrum antibiotics or ‘a cacophony of narrow-â•‰spectrum agents used in com-
bination’. This approach encourages excessive use of antibiotics [31].

Influence of education
Education, experience, and confidence could be described as factors that influence adherence 
to infection management pathways. If we add to these the difficulties of diagnosis, many clini-
cians tend to prefer the route of certainty when prescribing. Interviews with professionals showed 
that the determinants of the choice of the empirical regimen were that ‘everyone feels safe with 
a broad-â•‰spectrum antibiotic; colleagues will not criticize you for this choice’, and that, ‘we are 
afraid of missing things, afraid to take risks with our patients, no matter what the guideline rec-
ommends’ [32]. Diagnostic uncertainty was also described as key driver of drug use and misuse 
[33]. Fear of being sued for not prescribing an antibiotic, or prescribing the wrong antibiotic, is 
more common in the USA than in Europe. Prescription decisions seem to be based primarily on 
instructions passed down through a hierarchical system and subsequently on personal experience 
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[34]. Formal education, rationale for use, existing guidelines, and concerns about emerging resist-
ance seem to have minor influence [34]. Other investigators have recorded that most clinicians 
presume that the patient’s immediate risk outweighs the long-â•‰term disadvantages of the liberal 
use of antibiotics.

How to educate?
The undergraduate curriculum and internship/â•‰foundation year seem optimal stages to build a 
solid knowledge base for later practice. Conversely, the task of changing the behaviour of trained 
medical practitioners is very difficult, with multiple barriers [35]. Close collaboration between 
healthcare providers and academics is needed to link the undergraduate and postgraduate pro-
grammes. In hospitals, all the key players described earlier must be involved in the development 
and implementation of a local educational programme on prudent antibiotic prescribing.

At the postgraduate level, education is an essential element determining antibiotic prescribing 
behaviour. Persuasive methods of education are usually more popular among clinicians than 
restrictive measures [30]. Passive education alone (lectures, educational events, leaflets and 
hand-â•‰outs) without the incorporation of active intervention are ineffective. The rapid turnover 
of junior staff and the difficulty of maintaining a local continuous educational programme are 
the main reasons for the limited success of in-â•‰hospital education. Printed educational mate-
rials and educational meetings alone have also had little effect on changing prescribing prac-
tices. Face-â•‰to-â•‰face and one-â•‰on-â•‰one educational sessions have proved to be a practical, effective, 
and safe method of reducing excessive use of broad-â•‰spectrum antibiotics, but it are costly and 
labour-â•‰intensive [36].

Summary—â•‰how to proceed in practice
The above highlights the diverse and complicated social and cultural determinants that influence 
antibiotic prescribing outcomes in secondary care. The relationship is not a simple pharmaco-
logical one that, for example, dictates the course of action in treating diabetes or cancer. Instead, 
antibiotic prescribing and therapy are beleaguered by many different factors from the social and 
psychological to the organizational and financial. What is clear is that to preserve the efficacy of 
this finite class of drugs we need to take action to optimize usage. To do this in the most efficient 
way involves a better understanding of the cultural and social principles that underpin antibiotic 
prescribing behaviours among hospital doctors. Interventions to influence prescribing need to be 
developed within the context in which they are to function. For that, researchers and healthcare 
professionals need to engage with the local teams and specialities within their organization to 
ensure that the desired change in behaviour is achieved through mutually agreed goals and targets 
as part of a clear and deliverable action planning exercise. Being able to assign the right answer 
to the ‘who’, ‘what’, ‘where’, and ‘how’ elements of an intervention will ensure that ambiguity is 
removed, and that, in response to the clarity of expectations, individuals can become more pro-â•‰
active partners in the intervention.

Currently very few interventions in antibiotic prescribing (which aim to change prescribing 
behaviours) apply any theory to justify their approach. Knowing the cultural and social context 
at the local level will enable the use of appropriate behaviour change concepts and approaches to 
develop interventions that are targeted to specific and local gaps in practice.

The healthcare workforce in hospitals is expanding. In addition to doctors and surgeons, nurses, 
pharmacists, bench scientists, epidemiologists, and social scientists should be encouraged to be 
involved in developing safer and more efficacious pathways of patient care. To get the most from this 
multi-â•‰professional team-â•‰working concept, healthcare organizations need to invest in postgraduate 
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on-â•‰the-â•‰job training and education to ensure that their healthcare staff are up to date with evidence-â•‰
based practice in antibiotic prescribing and infection prevention and control. Policy and guidelines 
should not be the only repository of information for healthcare professionals.
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Chapter 4

Implementing an antimicrobial 
stewardship programme

Patrick Doyle

Introduction to antimicrobial stewardship programmes
Antimicrobial stewardship programmes (ASPs) should be at the heart of all antimicrobial initia-
tives in an institution, be it audit, educational, or ‘interdepartmental and interdisciplinary com-
munication and collaboration’ pertaining to antimicrobials [1]â•„. Setting up an ASP or expanding it 
from a small base can be a daunting task. The reasons for this, and the basic principles of antimi-
crobial stewardship, have been discussed in Chapters 1 and 2 and the necessary interventions on 
the shop floor will be discussed in Chapter 5. This chapter sets out how to implement an ASP in 
an individual healthcare setting. Implementing an ASP follows the principles of change manage-
ment: plan, do, study, act (PDSA) [2].

Know your environment and organization
Before embarking on the development of an ASP, the programme team needs to understand and 
define their environment and organization.

Information that should be collected includes:
	◆	 Patient mix: what patient population does the organization care for, are they primarily surgical 

or medical, are they long-â•‰term care patients, are there large numbers of immune-â•‰compromised 
or elderly patients? These factors will affect where you focus the ASP.

	◆	 Antimicrobial consumption:  this should be standardized using agreed consumption 
metrics such as daily defined dose (DDD) (see Chapter  6). Where are the areas of high 
antimicrobial consumption? Who are the high prescribers? Where are broad-â•‰spectrum 
antimicrobials used?

	◆	 Familiarity with local epidemiological patterns and knowledge of infections such as Clostridium 
difficile and antimicrobial resistance rates informs antimicrobial choice and reduces the risk. 
It is only then that effective targeting, de-â•‰escalation, and discontinuation of therapy can be 
advised, all elements of what Paterson, citing Parrino, describes as the ‘back-â•‰end approach’ to 
antimicrobial stewardship [3]â•„.

	◆	 Resources: what resources, both human and funding, are available within the organization to 
deliver an ASP.

	◆	 A  gap analysis can be undertaken of existing programmes against potential performance. 
There are a number of tools available to do this [4,5].

Box 4.1 lists the the most important references to consult when initiating an ASP.
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Developing a case for an ASP and gaining support
You must be clear why you are developing an ASP and be able to effectively sell your idea to the 
institutional stakeholders. Developing a case requires a different emphasis on the core message for 
different audiences within the organization. The clinical teams are more likely to be responsive to 
issues of patient safety and antimicrobial resistance. Management are more likely to respond to 
the financial implications, and this is an important area to consider if you are putting forward a 
business case to support an ASP.

Patient safety
While patient safety may appear a more ethereal outcome, and therefore difficult to quantify, it 
is one that every ASP programme needs to have as its focus. The WHO report from the Strategic 
and Technical Advisory Group on Antimicrobial Resistance (STAG-â•‰AMR) makes this abundantly 
clear [10]. Australian national guidance also states this very unequivocally ‘Antibiotic stewardship 
resides within the healthcare facility’s quality improvement and patient safety governance struc-
ture’ [6]â•„. Owens [11] points out how ‘shepherding precious resources’ benefits safety and costs, as 
do George et al. [12] in an intensive therapy unit (ITU) setting.

National campaigns in both Scotland and Wales (the Saving 1000 Lives Campaign) have placed 
stewardship front and centre as the nucleus of patient safety programmes [13]. Tamma et al. [14] 
argue that the centrality of patient safety to antimicrobial stewardship is under-â•‰emphasized.

In order to work, ASPs must be based on consensus. Commitment is required from manage-
ment, clinical leadership, and individual healthcare practitioners. Prescribers must feel that they 
have ownership of programmes and policies [15,16]. Dutch experience has shown that timely and 
appropriate participation of physicians promotes success, at least with antimicrobial guidance [17].

Financial savings
In times of austerity, interventions to reduce costs will always garner support from healthcare 
managers saddled with the need to balance budgets. Goff [18] talks about addressing the concerns 
of those who might oppose an ASP and arbitrating with them by emphasizing the positive out-
comes such as improved quality of care, a reduction in drug resistance, and cost savings.

In a university hospital study, Lee et al. [19] showed that implementing the Centers for Disease 
Control (CDC) antibiotic ‘time out’ initiative saved money and gave focus to antibiotic targeting 
[19]. In a study conducted in a Hong Kong hospital in 2008, Ng et al. [20] showed that the human 
resource costs required to run an ASP could be offset by savings from antibiotic expenditure. 
Beardsley et al. [21] calculated savings of between USD 900 000 and more than USD 2 000 000 

Box 4.1â•‡ Practical points

The following resources, all available on the internet, are very useful in implementing an ASP:
◆	 ‘Antimicrobial stewardship in Australian hospitals’ (Australia) [6]â•„
◆	 ‘Core elements of hospital antibiotic stewardship programs’ (CDC, USA) [7]â•„
◆	 ‘Starting and growing your antimicrobial stewardship program’ (Canada) [8]â•„
◆	 ‘Start smart—â•‰then focus’ (UK) [5]â•„
◆	 ‘A hospital pharmacist’s guide to antimicrobial stewardship programs’ (USA) [9]â•„

Source: data from Public Health England 2015 [5]; Duguid M and Cruickshank M 2015 [6]; Centers for Disease Control and 
Prevention 2014 [7]; Antimicrobial Stewardship Program  2015 [8]; and American Society of Hospital Pharmacists  2015 [9].
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per year with an ASP programme, while Standiford et al. [22] showed that in 7 years of operation 
an ASP introduced at the University of Maryland Medical Center showed a reduction in antimi-
crobial expenditure of around USD 3 000 000 in the first 3 years. Despite this, the ASP was ter-
minated, only to be reinstated when cost-â•‰effectiveness data became available. Non-â•‰cash-â•‰releasing 
benefits flowed from all of these studies but they are harder to quantify.

Requirements for Success
Duguid and Cruickshank [6]â•„ in their guide to antimicrobial stewardship in Australian hospitals 
cite Boaden et al.’s [23] ‘factors’ for successful improvements of clinical processes and outcomes 
in healthcare. These are:
	1.	 The need for the participation of a nexus of physicians.
	2.	 The need for individual practitioner feedback.
	3.	 The need for a responsive and supportive organizational culture.
	4.	 The need for appropriate funding and allocation of resources combined with phased, targeted 

interventions and progress monitoring allowing rapid directional change if needed.
	5.	 The need for an organization’s policies to support the efforts and activities of the patient-â•‰facing 

implementers.

Composition of an antimicrobial management team
At its core, antimicrobial stewardship is a multifaceted, multidisciplinary systematic approach to 
antimicrobial optimization. In Chapter 2 the overall structure of an antimicrobial management 
team (AMT) was discussed, but a more detailed look is warranted here.

The Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of 
America (SHEA) guidelines 2007 [24], reflecting a US setting, emphasized the importance of an 
infectious diseases (ID) physician and a clinical pharmacist with ID training as essential components 
of an ASP. Other stakeholders, although important and desirable, were not initially indispensable.

Nathwani [25] emphasized the need for a lead acute hospital doctor and specialist pharmacist 
together with a medical infection specialist (medical microbiologist and/â•‰or ID doctor) as a com-
ponent of the AMT. He realized that there were few ID physicians in the UK environment and that 
in this setting medical microbiologists tend to take a leading role.

Clinical pharmacists outnumber microbiology and ID staff and are ideally placed to act as the 
‘boots on the ground’ as they conduct their ward visits interacting with prescribers in what Patterson 
called the ‘trenches’ [26,27] and influencing those who actually administer the medicines, i.e. nurses. 
They are in a unique position to be able to interdict prescribing, often prospectively, by policing the 
agreed formulary and proposing therapeutic alternatives (the so-â•‰called front-â•‰end approach) [26].

Charani and Holmes [28] go further, believing that proper engagement in ASPs requires wider 
involvement, in particular from general pharmacists and nurses. Charani et al. [29], Edwards et al. 
[30], and Manning [31] all see the forgotten nursing resource as a force multiplier in helping ASPs 
to develop and succeed, especially in areas where other resources may be threadbare.

Rohde et al. [32] agree with Nathwani that, in the absence of optimal leaders such as ID phy-
sicians and ID pharmacists, general ‘hospitalists’ (internal medicine doctors) and other health 
professionals can and do make appropriate leaders for ASPs. Rohde et al. argue that enhanced 
collaboration between hospitalists and ID physicians could fill an unmet need that would allow 
more institutions to engage in active stewardship programmes. The recommendations from the 
seminal paper of Dellit et al. [24] that an ASP should be led by an ID physician/â•‰ID pharmacist 
has ironically been seen as a barrier by some establishments to initiating an ASP, especially if they 
lack those specialist staff.
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The terms antimicrobial management team and antimicrobial stewardship team (AST) are often 
used interchangeably, and the exact definition varies from source to source, but a distinction should be 
drawn between the operational team providing the stewardship on the shop floor and the overall insti-
tutional ASP team. However, in many institutions they may comprise the same people (Figure 4.1).

Creating a framework
Allerberger et al. [33] set out a common framework on the structure and organizational require-
ments to ensure antimicrobial optimization.

Key principles were formulated which remain essential parts of all ASPs:
	1.	 The creation of an organizational framework to lead, endorse, remain accountable for, and spe-

cify the scope of action, the direction, the competencies, and activities. The support of hospital 
management was considered highly desirable.

	2.	 Ensuring there is sufficient capacity in terms of human, material, and technical resources avail-
able to proceed.

AMTs should sit at the hub of the governance wheel, as discussed in Chapter 2. Ideally the oper-
ational team should have oversight from a group such as an antimicrobial stewardship committee 
(ASC) which has hospital management and senior clinical representation as well as the members 
of the AMT (see Figure 4.1).

Communication
Morris et al. [34] state that the AMT should create a vision of their ASP to effectively define its pur-
poses, beliefs, and values, and this can be encapsulated in a vision statement that ‘sets the themes 

• Inability to resource
(money and staff)

• Inability to maintain
• Medical hierarchy perceive

intervention to be
threatening

• Board 
• Medical Director
• IP&C Director
• Chief Pharmacist
• Clinical Microbiology/ID
• Infection Control Manager
• Patient Safety Lead

• Communication
• Reaching agreement on
priorities and achievables.

• Finding time
• Convincing doubters

• Educating
• Motivating

• Medical Infection Specialist 
   (Microbiology and/or ID)
• Antibiotic Pharmacist
• Pharmacists
• Infection Control Nurses
• Epidemiologists
• IT specialists

Core &
Desirable
Members

Challenges

Constraints
Institutional
Stakeholders

Figure 4.1â•‡ Elements and obstacles in implementing an ASP (IP&C, infection prevention and control).
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and direction for team members’ [35]. An example of a vision statement is that from the Mount 
Sinai Hospital and University Health Network in Toronto, Canada: ‘Helping patients receive the 
right antibiotics when they need them’ [35]. It is important that this vision is communicated to 
all the relevant stakeholders in the institution including senior and middle management, medical, 
pharmacy, and nursing staff. Methods of communication include newsletters, educational ses-
sions, the internet, and social media (see Chapter 8). The message must be repeated and varied to 
maintain interest.

Getting started
In ‘Antimicrobial stewardship in Australian hospitals’, van Gessel and Duguid, citing Boaden et al. 
[6,23], again describe how one should ‘start low and go slow’, looking out for the following:

	◆	 aim for achievability
	◆	 ensure improvement or failure is communicated to participants
	◆	 realistic target reconnaissance to drive change
	◆	 PDSA cycles to test changes
	◆	 know when to enshrine the change.

Changes should be small and introduced sequentially. Each change should be tested in situ, using 
a PDSA cycle to see how it has performed and to allow unforeseen problems to surface [2]â•„. These 
problems can then be dealt with before proceeding to the next change. It may take several PDSA 
cycles before full successful implementation is achieved.

Measuring progress
Measurement and feedback of stewardship interventions is essential to the successful implemen-
tation of an ASP. These should be both process measures, such as the number of interventions, the 
number of antimicrobial stewardship rounds completed, and the number of patients reviewed, 
and outcome measures, such as antimicrobial consumption, resistance rates, and quality of patient 
care. These are discussed in Chapter 7.

Implementation barriers and how to overcome them
ASPs require patience and determination from the usually limited teams involved in them. One 
must never discount inspiration and previous experience as drivers for success.

Potential barriers to implementing ASPs include lack of resources in terms of time, funding, 
or staffing, apathy, ignorance, or a belief that such programmes are too difficult to implement or 
have little effect on patient flow [36]. Those most willing to engage in antimicrobial stewardship 
may not have the influence or kudos within the establishment to bring about necessary change 
management or summon the support to engender the best possibility of success.

Resistance to change is minimized if social aspects are understood, for example perceived 
attack on prescriber autonomy, and communication is maximized and education strengthened 
[2,6] (see Chapter 3).

There must be some form of contingency planning should the project run into apathy or oppos-
ition or both. In those cases, in order to stay on track, even with a leaner proposal, ‘adaptive leader-
ship’ [37] will be required. This is where influencing strategies and networking with acquaintances 
(particularly if strategically placed) can help. The author’s own experiences of helping to set up 
an ASP in the face of some internal friction necessitated the ‘stick to one’s guns’ approach to 
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slowly win over the non-​believers. In order to gain executive and senior management support 
quickly, some achievable gains are required, the so-​called ‘low hanging fruit’ [38]. Initiatives such 
as switching from intravenous to oral dosing, formulary restriction policies, antibiotic redun-
dancy, and awareness of bioavailability are relatively easy to implement—​and more importantly 
are associated with cash-​releasing efficiency savings. Achievements such as this appeal to all ‘lean’-​
thinking healthcare organizations.

Entrenching the programme
Once the initial objectives of the ASP have been met, the strategy must be developed to take the 
programme forward. Examples include expanding the programme into more challenging areas 
such as haematology/​oncology and antifungal stewardship. Many of these areas are discussed in 
later chapters. It is vital that the lessons learnt and successes are disseminated to as broad an audi-
ence as possible [34].
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Introduction to managing antimicrobials on the shop floor
The aim of all antimicrobial stewardship programmes is that antimicrobial prescriptions should 
be safe, rational, and effective and that the unintended consequences of antimicrobial use should 
be minimized.

There are a number of tools included in national guidelines that can assist healthcare organiza-
tions to plan and implement their stewardship strategies [1–â•‰4]. The Cochrane Collaboration has 
also reviewed literature published prior to 2007 [5]â•„ and provides a summary of the evidence to 
support different stewardship strategies.

The actual methods used to manage antimicrobials on the shop floor vary widely between 
institutions and countries, and depend on the healthcare setting, its priorities, and the resources 
allocated to stewardship. The availability of services with sufficient capacity to take on steward-
ship activities, such as diagnostics, onsite microbiology laboratories, medical infection specialists, 
and clinical pharmacy services, will have a significant impact on which strategies are chosen and 
implemented. Particular consideration should be given to the accessibility of such services when 
planning interventions, as centres with 24-â•‰hour microbiology and pharmacy services will be able 
to employ different tactics from those with time-â•‰restricted or offsite services.

In addition to a formal antimicrobial management team (AMT) structure (discussed in 
Chapter  2), it may be valuable to create a team that can practically monitor and manage 
antimicrobial use.

The shop floor team should be a multidisciplinary team reflecting those skills in the formal 
AMT. The team needs a leader who is qualified, motivated, and assertive on both a clinical and 
a management level. Ideally a senior medical specialist should lead the reviews, as antimicrobial 
recommendations are likely to be more conservative and have lower acceptance rates when made 
by unsupervised trainees [6]â•„.

Implementation of any new stewardship strategy to manage antimicrobials on the shop floor 
should always be carefully planned, with efforts made to solicit support within the organiza-
tion (from clinicians and management) and predict, identify, and manage any unintended 
consequences.

Reducing inappropriate antimicrobial use
Reducing inappropriate antimicrobial usage is the key to stewardship. Several methods of reduc-
ing inappropriate antimicrobial use have been suggested, including preventing the initiation of or 
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stopping unnecessary treatment, restricting durations to the shortest effective course, and reduc-
ing the use of broad-â•‰spectrum antimicrobials.

Preventing the initiation of antimicrobials
The withholding of antimicrobials can be encouraged by using local or national guidelines to 
highlight conditions that do not require antimicrobial treatment. This strategy has been widely 
employed for outpatients and surgical prophylaxis, but may also be utilized for inpatients. 
Providing clear case definitions and encouraging the use of diagnostic tests can assist prescribers 
in differentiating between infections where antimicrobial therapy is indicated and those where it 
is not [1]â•„.

One method of preventing the initiation of antibiotics is the suppression of antimicrobial sus-
ceptibility results on specimens not thought to be clinically relevant (see Chapter 10).

There has been increasing interest in the potential for biomarkers to assist the decision to start 
antimicrobials. This is discussed further in Chapter 17.

Reducing the duration of treatment
This can be achieved in several ways: creating guidelines that advocate the shortest appropriate 
course is an easy first step in this process. There is good evidence that shorter courses of antibiot-
ics are as effective as prolonged courses for respiratory tract infections [7–â•‰10], uncomplicated 
urinary tract infections [11], and surgical prophylaxis [12]. Interventions that limit durations can 
have a significant impact because prescriptions for these infections make up a large proportion of 
antimicrobial use [13].

Automatic stop orders, which cease antibiotic therapy after a defined period of time, and sepa-
rate antibiotic prescription charts, which allow only a limited treatment duration, have also been 
shown to be effective in reducing antibiotic consumption and increasing documented reviews 
[14–â•‰16]. However, such interventions should be implemented carefully in strictly defined patient 
groups to prevent morbidity associated with early cessation of therapy.

The encouragement of clinical review and cessation of antimicrobials when infection is ruled 
out or cured are more challenging aspects, but can be achieved with antimicrobial stewardship 
rounds (covered later in this chapter) or an infectious diseases review [17]. Improved documen-
tation of the indication for, and proposed duration of, therapy has been advocated to assist the 
review process [1]â•„, as has the use of reminder stickers in medical notes [18].

Reducing unnecessary broad-â•‰spectrum  
treatment: formulary restriction
Restrictive strategies have been shown to outperform persuasive strategies in the stewardship set-
ting [5]â•„. Formulary restriction and pre-â•‰authorization is one such restrictive strategy that has had 
success in the clinical setting. It has been introduced in a variety of ways in hospitals (Table 5.1). 
It is also necessary to consider how compliance with the restrictive policy will be monitored and 
how non-â•‰compliance will be sanctioned.

Such restrictive programmes have been shown to reduce consumption of restricted agents by 
up to 95%, with corresponding reductions in healthcare-â•‰associated infections such as Clostridium 
difficile, vancomycin-â•‰resistant enterococci, and extended spectrum β-â•‰lactamase-â•‰producing coli-
forms [19–â•‰21].

It is important to support restriction by removing restricted agents from clinical guidelines and 
ward stocks wherever possible. Clearly, this must be balanced by allowing restricted agents to be 
used when they are the optimum therapy and ensuring availability to allow prompt treatment 

 

 

 



Table 5.1  Formulary restriction strategies

Explanation Advantages Disadvantages

Types of restriction

1. Pre-​authorization The ‘restricted 
antibiotic’ cannot 
be initiated without 
approval by infection 
specialists or 
pharmacists

Likely to have most 
impact on usage

Can delay treatment

Difficult to maintain out of hours 
as requires 24/​7 microbiology/​ID/​
pharmacy cover and there may be 
difficulties contacting prescribers 
out of hours

2. �Authorization 
for continued 
use

Anyone may prescribe 
a restricted agent; 
however, usage beyond 
a specified time-​point 
requires review and 
approval

Avoids potential for 
delaying antibiotics in 
severe infections and 
associated risks

Can be difficult to stop/​de-​escalate 
antibiotics once initiated if patient 
improves

Easier to circumnavigate restrictions

Restrictive methodologies

1. �Pharmacy 
managed

Notes review to check 
for approval prior to 
supply

No new charts/​
software, etc. 
required for 
implementation

Time-​consuming for pharmacy

Difficult to manage out of 
hours and without ward-​based 
pharmacy services if using paper 
medical notes

Potential for delays whilst prescriber 
contacted if not clear in notes

2. �Authorization 
codes

Microbiology give out 
a code, which must 
be documented on 
the drug chart before 
supply

Less open to 
abuse than the 
above method

Can be used 
without ward-​based 
pharmacy services

Codes can be ‘made up’

Can be difficult to double-​check 
codes—​may require a shared 
database between pharmacy and 
microbiology

Methods of supporting restriction

1. �Prospective  
audit

Through ward-​based 
audit or post-​discharge 
review of medical notes

Most robust method Time-​consuming

Requires good documentation of 
approval process in notes

2. �Feedback  
on unapproved  
use only

Requires identification 
from pharmacists/​
ward based staff 
with mechanisms for 
reporting and sanctions

Easy to implement Ad hoc nature is likely to limit 
success as all misuse may not be 
reported or followed up

3. �Stewardship 
rounds

The multidisciplinary 
stewardship team 
reviews use of restricted 
antimicrobials and feeds 
back on their use

Allows clinical review 
of cases

Feedback to 
prescribers in person 
and on actual cases 
of inappropriate 
use may be more 
successful as an 
educational strategy

Can cross-​check that 
approval of the drug 
was appropriate

Time-​consuming
Requires expertise, preferably MDT

Will not capture all 
inappropriate use

May be difficult to identify patients 
for review

(continued)
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when prescribed appropriately. Strategies to manage this include having exemptions for certain 
indications, for example cephalosporins for meningitis, without the need for approval, and ensur-
ing either a rapid supply from a 24-â•‰hour pharmacy service or maintaining accessible stock in areas 
likely to be initiating treatment. It is also imperative to adequately communicate the introduction 
of any new restrictive process to prescribers and nursing and pharmacy staff.

Potential pitfalls of restrictive strategies that must be considered prior to introduction include:
	◆	 delayed treatment for patients, with potentially increased morbidity and mortality
	◆	 increased consumption of alternative agents, with different adverse effects on both individual 

patients and the ecology of the hospital
	◆	 increased pressure on microbiology and pharmacy departments to manage the process
	◆	 additional prescribing complexity by requiring prescribers to navigate the approval system
	◆	 increased nursing time due to travelling to collect antibiotics
	◆	 changes in empiric guidelines may lead to more complex administration processes.

Persuasive strategies include audit and feedback (A&F). A&F is a commonly used approach 
for changing the behaviour of healthcare professionals. A  systematic review examining the 
effectiveness of different stewardship interventions (89 studies) found that interventions aimed 
at increasing effective prescribing for pneumonia were associated with reduced mortality risk 
while interventions aimed at reducing excessive prescribing were not [5]â•„. Many of the interven-
tion studies published to date lack fundamental details on how the interventions were delivered; 
a recent systematic review found that only 13.8% of intervention studies specifically included 
feedback of data to participants [22].

Using evidence-â•‰based guidelines and clinical pathways 
to standardize practice
A widely accepted and adopted component of stewardship programmes is the development of 
evidenced-â•‰based guidelines/â•‰policies to aid prudent prescribing [1,3,4,23]. In addition, the devel-
opment of clinical pathways can instil a standard approach to reduce variations in treatment. 
Such pathways can also play a role in patient safety and can help to reduce potential antimicrobial 
resistance and the development of healthcare-â•‰associated infections.

Explanation Advantages Disadvantages

4. �Cross-â•‰checking 
prescriptions/â•‰
issues from 
pharmacy with 
approvals

Provision of a list of 
restricted antibiotics 
dispensed from 
pharmacy or identified 
from electronic 
prescribing systems for 
confirmation by those 
approving the drugs

Circumnavigates 
problems of poor 
documentation 
in notes

Can prompt 
reviews, either by 
microbiology/â•‰ID or 
as part of MDT ward 
rounds

Requires pharmacy or prescribing 
software

Unlikely to be an exhaustive list 
(antibiotics may be used from stock 
or borrowed from another patient)

Data accuracy issues (i.e. antibiotics 
booked out to the wrong patient 
may be included in the list, lists 
may not be timely)

May be complex if more than one 
team is involved in the approval 
process

ID, infectious disease; MDT, multidisciplinary team.

Table 5.1â•‡ Continued
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Guidelines and clinical pathways should be developed with both the infection team and the end 
user in mind and should be jointly agreed and championed, with support from senior hospital 
management and approval from local stewardship committees or equivalent. Such guidelines and 
pathways should be subject to regular review taking into account new evidence, changes in local 
resistance patterns, or clinical incidents resulting in a breach in care.

Whilst the antimicrobials within empirical and specialist guidelines may differ the core princi-
ples should not. Typically these should contain elements around the following:
	◆	 general prescribing principles related to the need for an antimicrobial, considering a non-â•‰

infective inflammatory diagnosis
	◆	 reviewing microbiology samples both past and present to help direct therapy by either broaden-

ing or narrowing spectra and switching or stopping agents
	◆	 documenting a clear antimicrobial plan—â•‰communicating why the antimicrobial is indicated 

together with an intended duration (consideration should be given to forming an antimicro-
bial plan in the medical records, which should be reviewed daily)

	◆	 sepsis and how life-â•‰threatening infection should be effectively managed
	◆	 allergies—â•‰offering alternatives for patients with an allergy (most commonly penicillin)
	◆	 de-â•‰escalation strategies—â•‰such as intravenous to oral switch programmes or, where possible, 

outpatient parenteral antimicrobial therapy (OPAT) (the criteria for both strategies should be 
clearly defined)

	◆	 minimizing the use of broad-â•‰spectrum antimicrobials to prevent healthcare-â•‰associated infec-
tions, e.g. C. difficile

	◆	 therapeutic drug monitoring advice for antibiotics such as aminoglycosides and glycopeptides
	◆	 surgical prophylaxis—â•‰promoting the use of a single dose where possible
	◆	 contact information for medical and pharmacy teams to discuss cases with their local infection 

or stewardship team.

Intravenous to oral switch programmes
Switching to an oral agent minimizes the need for an intravenous device, which may be associated 
with catheter-â•‰related bloodstream infections. Moreover, an early switch reduces treatment com-
plexity and can (for soft tissue and respiratory infections) lead to savings in drug acquisition costs 
and nursing time without impacting on clinical care [24–â•‰26].

For a switch to be effective and safe, the oral agent should have good bioavailability and be 
known to be effective against the identified or presumed pathogen. It should be able to reach 
appropriate concentrations at the site of infection and should not be used where there is a lack of 
evidence for the indication. Furthermore, the patient should be responding to their initial ther-
apy without any malabsorption concerns [24,25]. Box 5.1 lists the criteria for intravenous to oral 
switch.

Audit and feedback

Audit
This involves post-â•‰prescription review, and comparing the use, choice, and planned duration 
against a standard of practice—â•‰either locally or nationally accepted guidelines. Traditionally the 
review takes place 48–â•‰72 hours post-â•‰prescription so that culture, radiology, and other results are 
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available to guide treatment decisions. The optimal timing of feedback is debatable given a recent 
study showing reduced all-​cause and infection-​related mortality at 30 days when review occurred 
within 48 hours of antibiotic prescription [27]. Review may not always be possible within this 
time frame; therefore it may be more realistic to conduct ward rounds at regular defined intervals 
(e.g. three times a week).

The list of patients requiring review can be generated from pharmacy dispensary records of 
restricted antimicrobials, from pre-​authorization patient lists, clinician, nurse, or ward pharma-
cist request, review of charts to identify all patients on antimicrobials, reporting tools linked to 
electronic health records, and clinical decision support systems (see Chapter 8).

Feedback
The overall effects of A&F on the practice of health professionals are modest; however, feedback 
is most effective when it is provided, both verbally and in written format, from a supervisor or 
colleague, more than once, when the baseline performance is low and with well-​defined targets 
and an action plan [28]. Feedback is also more effective when one is hoping to decrease rather 
than increase behaviours and when it is delivered soon after the event—​so the healthcare provider 

Box 5.1  When to switch to oral therapy

Criteria for intravenous to oral switch:
◆	 clinical improvement has been observed
◆	 there is not a condition-​specific contraindication to oral therapy
◆	 oral fluids are tolerated
◆	 temperature has been within normal limits for at least 24 hours
◆	 no unexplained tachycardia and heart rate < 100 b.p.m. for at least 12 hours
◆	 white cell count between 4 and 12 × 109/​L and C-​reactive protein returning to normal range
◆	 no on-​going or potential problems with absorption
◆	 a suitable oral antimicrobial is available which will penetrate to the site of the infection

Exclusions to intravenous to oral switch:
◆	 patients with compromised oral absorption
◆	 continuing decompensated sepsis
◆	 endocarditis

Relative contra-​indications to switch or indications for a delayed switch:
◆	 meningitis/​encephalitis/​brain abscess
◆	 osteomyelitis/​septic arthritis/​bone or joint infections/​infected implants/​prostheses/​

graft tissue
◆	 complex skin and soft tissue infections
◆	 deep abscess
◆	 bloodstream infections

Source: data from Desai M et al., ‘A new approach to treatment of resistant gram-​positive infections: potential impact of 
targeted IV to oral switch on length of stay’, BMC Infectious Diseases, 6:94, Copyright © 2006 Desai et al.; licensee BioMed 
Central Ltd.
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can actually recall the details of the case; larger effects are also seen when trying to modify sim-
ple behaviours, such as prescribing, compared with complex practices, such as test ordering [28].

In order for feedback to be ‘actionable’, i.e. effective at changing the behaviour of a healthcare 
care professional, it needs to be:
	◆	 timely—â•‰delivered a minimum of monthly
	◆	 individualized—â•‰delivered to the actual prescriber
	◆	 non-â•‰punitive—â•‰educational and constructive to the recipient
	◆	 customisable—â•‰to enable the recipient to understand the data that are fed back to them [29].
Additional influential factors include specific suggestions for improvement or the provision of the 
correct solution [30]. Rates of acceptance of feedback are reported to be lower when the recom-
mendations involve discontinuation rather than modification of therapy [31].

The difficulty in providing feedback to some units, for example intensive care, is that while 
junior team members complete the prescriptions, the prescribing decisions are often made at a 
senior level. Juniors may be uncomfortable about questioning decisions even if they are aware that 
the antimicrobial does not adhere to local policy. The hierarchical structure of many clinical units 
presents difficulties in providing individualized feedback, as the prescriber may not feel account-
able for that prescribing decision. In such situations it may be more useful to provide feedback 
to the senior members of the team as well rather than just to the individual prescriber (Box 5.2).

Advice on relevant infection control practices such as isolation 
and precaution
A&F can be done as a one-â•‰ or two-â•‰stage process. In a one-â•‰stage process, the antimicrobial stew-
ardship team (AST) performs the review as part of a designated stewardship round. In a two-â•‰stage 
process there may be an initial review by an infectious disease (ID) pharmacist and any complex 
cases or cases that meet defined criteria will be identified for further review by the AMT.

Prior to implementation of A&F, there needs to be appropriate consultation with the recipi-
ents of the feedback to increase the likelihood of endorsement. At first there may be reluctance 
by clinical teams to adopt such recommendations; however, with regular interaction over time, 
perceptions and behaviour eventually change. In some cases, prescribing behaviour may shift to 

Box 5.2â•‡ What should be fed back about antimicrobial 
prescribing

The following points should be fed back at an antimicrobial stewardship round:
◆	 appropriateness of the decision to initiate antimicrobial therapy
◆	 appropriateness of the choice of agent and adherence to local guidelines
◆	 discontinuation of antibiotics
◆	 intravenous to oral switch
◆	 de-â•‰escalation from broad-â•‰spectrum to narrow-â•‰spectrum agent
◆	 dose optimization
◆	 therapeutic monitoring
◆	 actions to reduce the risk of hospital acquired infection, e.g. prompt removal of intrave-

nous and urinary catheters
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the other end of the spectrum where almost all antimicrobial prescribing decisions are deferred 
to infection specialists, and additional resources may need to be allocated to accommodate this 
behaviour shift.

Performing audit and feedback: the ‘antimicrobial 
stewardship round’
This is often the most utilized approach. For the round to be most effective, the prescriber should 
be present on the round so cases can be discussed, reviewed, and relevant verbal feedback pro-
vided immediately. In situations where prescribers are not available, the round may involve a 
review of a patient’s medical records and results with feedback written in the medical notes or 
communicated directly to the prescriber via telephone, e-â•‰mail, or text.

The effectiveness of the round is often dependent on the personality and communication style 
of the ‘steward’. An assertive steward is likely to bring about more changes in antimicrobial pre-
scribing; however, if they are too confrontational this may result in unsafe practices such as pre-
mature discontinuation of antibiotics prior to scheduled review dates so juniors don’t have to 
present cases. On the other hand, if a steward is meek or too supportive there is likely to be no 
change in prescribing practice.

The main advantage of performing a clinical round is that it enables real-â•‰time feedback to 
the prescriber and prompt modification of antimicrobial therapy. In the majority of settings 
acceptance of feedback recommendations remains voluntary, which allows prescribers to retain 
a degree of autonomy in initiating empiric treatment. The round can also be used as a teaching 
tool for junior prescribers regarding certain aspects of diagnosis and management of patients 
with infections.

The main disadvantage of the stewardship round is that it is labour-â•‰intensive and expensive when 
performed on a regular basis. Further funding may be needed to provide the additional personnel 
(such as an antimicrobial pharmacist) to meet these requirements. Other issues include: potential 
deterioration in inter-â•‰departmental relations when clinicians are made to justify their manage-
ment decisions to other healthcare professionals; the primary team may be uncomfortable taking 
advice when the patient may not have been fully assessed by the AMT; and teams may be reluctant 
to stop or de-â•‰escalate treatment if their patient has improved on current therapy for fear of ‘rock-
ing the boat’. The voluntary nature of advice acceptance means that one is unlikely to see imme-
diate effects in antimicrobial usage unless the rounds are accompanied by other strategies such as 
formulary restriction or pre-â•‰authorization.

There are a variety of approaches to conducting a stewardship round; these can be categorized 
into regular and targeted rounds.

Regular scheduled ward rounds in units with high antimicrobial usage
Units such as intensive care, haematology, oncology, and acute medicine are obvious areas to 
review. This may involve reviewing all patients receiving antimicrobials in the unit or, if there are 
time constraints, patients who have recently been commenced on antibiotics (e.g. those admit-
ted on a medical take). The number of regular rounds can be adjusted according to need and 
resources, for example one to three times a week. During the implementation phase, areas with 
the highest antimicrobial usage can be targeted first and then the frequency of rounds can be 
increased as appropriate.

An essential component of effective stewardship rounds is endorsement from senior colleagues 
of the relevant specialities. This may be difficult to obtain at first; a potential solution is to select 
a representative from that speciality to act as a stewardship lead who can be approached with 
specific issues. The rounds need to occur regularly as prescribing practices may quickly revert to 
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the baseline if there are periods with no stewardship presence. Likewise, if they are not frequent 
enough, correct practice may only occur prior to the round rather than throughout the week.

The advantage of a regular round is that it enables trust to develop in the stewardship team, 
thus rates of acceptance of recommendations may increase over time. It also enables review of 
cases requiring more complex antimicrobial input due to drug–â•‰disease factors or drug–â•‰drug 
interactions. One of the disadvantages of a dedicated stewardship ward round is that it often only 
involves junior clinicians, thus the opportunity to target senior colleagues (who may be driving 
most of the prescription decisions) will be missed.

Targeted rounds

Antimicrobial-â•‰directed roundâ•‡ Depending on resources, patients receiving any broad-â•‰spectrum 
antimicrobial or just those receiving selected ‘restricted’ antimicrobials (e.g. quinolones, cepha-
losporins, or carbapenems) can be selected for review. Cases can be identified through pharmacy 
records or pre-â•‰authorization databases. Once the review is complete, feedback can be verbally 
communicated to the team or documented in the patient’s records.

Results-â•‰targeted roundâ•‡ This may involve reviewing patients following isolation of pathogens or 
multidrug-â•‰resistant organisms from significant sites, for example the bloodstream or other sterile 
sites that will likely require prolonged antimicrobial therapy.

The advantage of these strategies is that they are not dependent on the schedules of other clini-
cal teams; the rounds can be performed when convenient for the AST and can be focused solely 
on stewardship. On the other hand, as the clinical team are unlikely be present at the time of 
review, the process of gathering information from a patient’s chart is labour-â•‰intensive and poten-
tially inefficient. Additionally, whilst there is less potential for confrontation, the lack of direct 
communication may result in recommendations being missed or ignored by the clinical team.

Targeting areas with high rates of healthcare-â•‰associated infectionsâ•‡ This can include concen-
trating antimicrobial review to units with either:  (1)  high rates of colonization (with or with-
out subsequent infection) with drug-â•‰resistant organisms (e.g. meticillin-â•‰resistant Staphylococcus 
aureus, vancomycin-â•‰resistant enterococci, or carbapenem-â•‰resistant Enterobacteriaceae) or 
(2) hospital-â•‰acquired C. difficile infection. An advantage of this strategy is that infection control 
practices can be simultaneously reviewed and fed back.

Outpatient parenteral antimicrobial therapy
OPAT is a treatment option for patients who are medically fit for hospital discharge but require 
prolonged parenteral antimicrobials, enabling shortened or avoided hospital stays. There are adult 
and paediatric guidelines/â•‰good practice recommendations that illustrate the key themes for run-
ning OPAT services [32–â•‰34].

Reviewing patients for their suitability for OPAT provides an ideal opportunity to review anti-
microbial use for de-â•‰escalation to narrower-â•‰spectrum antimicrobials, intravenous to oral switch, 
or even antimicrobial cessation. OPAT should practice stewardship principles including the opti-
mization and reporting of outcomes, healthcare-â•‰associated infections, and re-â•‰admission rates 
[35]. Conversely, there is a risk that using OPAT services may actually increase the use of par-
ticular broad-â•‰spectrum agents—â•‰those possessing pharmacokinetic properties enabling once daily 
dosing—â•‰over more suitable narrow-â•‰spectrum antimicrobials.

Using OPAT as a stewardship opportunity is a more collaborative approach as the clinical team 
are already requesting an antimicrobial review when referring patients. The drawback is that it is 
too sporadic—â•‰cases where patients in whom OPAT is not appropriate will not get referred and 
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will therefore be missed. Additionally, many of the patients who are referred may already have 
received prolonged courses of inappropriate therapy by the time they are referred.
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Chapter 6

Measuring antibiotic consumption  
and outcomes

Hayley Wickens

Introduction to measuring antibiotic consumption  
and outcomes
In order to assess the effects of an antimicrobial stewardship programme, it is necessary to moni-
tor antimicrobial usage, processes, and outcomes.

Consumption, issues, or sales?
It is important to differentiate between antimicrobial issue data and consumption data. Issues are 
measured in terms of prescriptions or volumes of product issued to patients, or in the hospital set-
ting to wards, and are at best a proxy for consumption. It may become possible with the advent of 
individualized single-â•‰dose issuing systems to track accurately the amounts of a drug taken by each 
patient, in the hospital setting at least. Directly observed therapy has been used for many years 
for treatment of tuberculosis; however, this is not the norm for other antimicrobials, and it is not 
unknown for patients to hoard unused medication in the community setting. When looking at 
national or health system data, it is therefore worth considering how these data were generated—â•‰
are they reimbursement data (e.g. from prescriptions issued) or even sales data (which may also 
include stock sitting on shelves unissued)?

DDDS, ADQS, DIDS, and STAR-â•‰PUs
Inevitably, the literature on antimicrobial usage is littered with acronyms. The World Health 
Organization lists a ‘defined daily dose’ (DDD) for the vast majority of medicines available world-
wide, and antimicrobials are no exception [1]â•„. These DDDs represent a typical daily dose of each 
drug for an adult of average weight, and can be used as a numerator when comparing usage 
of antimicrobials between centres. The major disadvantage of using DDDs to compare usage 
between settings is that they do not take account of, for example, paediatric usage or units with a 
high proportion of patients with renal impairment, who will receive a reduced dosage. DDDs may 
also vary from the doses commonly given in particular countries, and therefore other measures 
are sometimes used. For instance, in England, average daily quantities (ADQs) are sometimes, 
but not always, used (see Table 6.1); these are more commonly seen in primary care data analysis 
than in secondary care, and were calculated for that setting. Average daily doses of these agents 
may sometimes be higher in hospital usage than in primary care (Table 6.1), highlighting the need 
to ideally also monitor the number and length of courses, rather than total use as a sole measure.

Days of therapy (DOT) is a measure more commonly used in the USA than the UK, and rep-
resents the number of days for which a patient has received the specified antimicrobial. This has 
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the advantage of eliminating variation due to paediatric or renal dosage, or local variation from 
international DDD values. It is very labour-​intensive to quantify DOTs in secondary care in the 
absence of electronic prescribing systems; however, the number of prescriptions (available from 
UK primary care data) or packs can act as a proxy for the number of patients treated.

DDDs and ADQs are usually expressed in terms of activity, with the denominator varying by 
setting. Therefore in secondary care usage will be often expressed as DDDs per 1000 occupied bed 
days, or 1000 admissions, whilst in studies of primary care DDDs per 1000 inhabitants per day 
(a measure known as DIDs), or per standardized patient, may be used. Two standardized patient 
denominator units used in primary care in the UK are STAR-​PUs (specific therapeutic group 
age–​sex weightings related prescribing units) and ASTRO-​PUs (age, sex and temporary resident 
originated prescribing unit).

Measuring antimicrobial usage across the UK and Europe
Since the transfer of responsibility for health to the UK devolved administrations, the ways in 
which antimicrobial data are collated and reported for primary and secondary care have evolved 
differently in each of the four countries. However, all four are working in response to the UK 
Department of Health 5-​year antimicrobial resistance strategy (2013–​18) [3]‌.

Initiatives in the four countries include the following:
	◆	 NHS National Services Scotland maintains a central register of all prescriptions dispensed in 

the community (the Prescribing Information System for Scotland, PRISMS) and the Hospital 

Table 6.1  Defined daily doses (DDD), average daily quantities (ADQ), and some typical hospital total 
daily doses for antimicrobials (consult product literature before prescribing) [1,2]

Antimicrobial DDD ADQ Typical UK hospital adult 
daily dose

Amoxicillin (oral) 1 g 750 mg 1.5 g

Azithromycin (oral) 300 mg 500 mg 500 mg

Ciprofloxacin (oral) 1 g 750 mg 1–​1.5 g

Ciprofloxacin (IV) 500 mg –​ 800 mg

Co-​amoxiclav (oral) 1 g as amoxicillin 
component

3 × 325 mg tablets or  
3 × 625 mg tablets

1.5 g expressed as 
amoxicillin component

Co-​amoxiclav (IV) 3 g as amoxicillin 
component

–​ 3 g expressed as 
amoxicillin component

Flucloxacillin (oral) 2 g 1 g 2–​4 g (unlicensed)

Metronidazole (oral) 2 g –​ 1.2 g

Vancomycin (oral) 2 g 500 mg 0.5–​1 g

Vancomycin (IV) 2 g 2 g 2–​4 g (unlicensed, 
depends on serum levels)

IV, intravenous.

Source: data from World Health Organization Collaborating Centre for Drug Statistics Methodology, ATC/​DDD Index 2015, 
Copyright © WHO 2015, available from www.whocc.no/​atc_​ddd_​index/​; and Health and Social Care Information Centre, 
ADQ values 2012/​13, Copyright © 2012, The Health and Social Care Information Centre, Prescribing and Primary Care 
Services. All rights reserved. Available from: www.hscic.gov.uk/​media/​9376/​Average-​daily-​quantity-​ADQ-​values-​2012-​13/​
pdf/​adqs_​2012_​13.pdf
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Medicines Utilisation Database (HMUD), allowing interrogation of prescribing and financial 
data across both databases. Health Protection Scotland and the Information Services Division 
of NHS Scotland provide an Antimicrobial Management Integrated Database for Scotland 
(AMIDS), which provides combined information on antimicrobial prescribing and resistance, 
in support of improvements in antimicrobial stewardship.

	◆	 The Welsh Antimicrobial Resistance Programme Surveillance Unit (WARP-â•‰SU) collates and 
reports antimicrobial issue data from hospitals, focusing on inpatient usage, with primary care 
prescription data obtained from the Prescribing Services Unit of NHS Wales Shared Service 
Partnership. Point prevalence survey results, along with antimicrobial resistance rates per 
health board, and per hospital, are published alongside antimicrobial usage data.

	◆	 The Northern Ireland COMPASS system provides data on primary care antibiotic prescribing 
at practice, locality, and regional level, as does the national prescribing database. A national 
antimicrobial resistance dataset is being developed. The Strategy for Tackling Antimicrobial 
Resistance 2012–â•‰17 (STAR) document highlighted the potential for electronic prescribing in 
hospitals to support integration of prescribing and resistance data.

	◆	 The first report of ESPAUR (English Surveillance Programme on Antimicrobial Usage and 
Resistance) was published in 2014, and collated, for the first time, antimicrobial usage and 
resistance data from both primary and secondary care in England. Further developments are 
under way to provide an interactive drug usage and resistance database and expand the drug–â•‰
organism combination lists included in surveillance.

The UK has participated in the European Surveillance of Antimicrobial Consumption (ESAC) 
project since its inception in 2001 at the University of Antwerp, Belgium. The project transferred 
to the European Centre for Disease Prevention and Control (ECDC) in 2011 as ESAC-â•‰Net; until 
2014, collation and submission of primary care usage data from the four UK administrations was 
organized by the British Society for Antimicrobial Chemotherapy. ESAC-â•‰Net collates primary 
and secondary care antimicrobial usage data from 30 European Union (EU)/â•‰European Economic 
Area countries; related projects hosted by ECDC are HAI-â•‰Net (healthcare-â•‰associated infection 
surveillance), HALT-â•‰2 (healthcare-â•‰associated infection and antimicrobial use in long-â•‰term care 
facilities), and EARS-â•‰Net (antimicrobial resistance surveillance).

Other EU countries have local networks for surveillance of antimicrobial consumption and 
associated resistance data, for example BAPCOC (the Belgian Antibiotic Policy Coordination 
Committee) and STRAMA (the Swedish Strategic Programme for the Rational Use of 
Antimicrobial Agents).

The Transatlantic Taskforce on Antimicrobial Resistance (TATFAR), hosted by the US Centers 
for Disease Control, was established in 2009 to promote cooperation in the promotion of appro-
priate antibiotic use and development of new agents. It has recommended harmonization of 
definitions and terminology around antimicrobial usage surveillance (e.g. DDDs and DOTs), 
prevalence methodology, and resistance surveillance in order to improve transatlantic communi-
cation and data sharing worldwide.

Gaps in UK prescribing data
There are currently several gaps in UK antimicrobial prescribing datasets. Private prescriptions 
are not included in the primary care antibiotic data as the prescription itself is generally retained 
by the dispensing pharmacy and is therefore not passed to a central service for reimbursement. 
Similarly, antimicrobial issues in private hospitals are not always included in central government 
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datasets, though these data may be available from commercial organizations (e.g. IMS Health, 
Danbury, CT, USA).

Data from NHS dental prescribing are available from the same sources as NHS general practice/â•‰
primary care prescribing; however, as a large proportion of dental services in the UK are delivered 
on a private basis, prescribing data in this sector are largely limited to commercial sales data.

Surveillance of veterinary use of antimicrobials in  
the UK and Europe
Measurement of veterinary usage of antimicrobials in the UK is an area subject to development. 
Currently there is no central collation of veterinary antimicrobial usage; the UK-â•‰Veterinary 
Antibiotic Resistance and Sales Surveillance (UK-â•‰VARSS) report gives sales data obtained from 
manufacturers by the Veterinary Medicines Directorate. Usage is reported in tonnage, with a pop-
ulation correction unit applied to correct for the number, and relative masses, of animals treated. 
Antimicrobial resistance data are compiled from diagnostic samples and other studies. Twenty-â•‰six 
countries, including the UK, participate in the European Surveillance of Veterinary Antibiotic 
Consumption (ESVAC) project hosted by the European Medicines Agency. As part of the UK 
Department of Health ‘One Health’ initiative, there is an intention to bring human and veterinary 
antimicrobial usage and resistance data together over the coming years in order to provide a better 
understanding of the interaction between these fields.

Process and outcome measures in antimicrobial usage
Antimicrobial stewardship is often measured in terms of process indicators, such as correct docu-
mentation of indication, correct antimicrobial choice with regard to local guidelines, or admin-
istration of the appropriate antibiotic within an hour of a sepsis diagnosis. However, outcome 
measures are often more difficult to obtain, as these tend to require prospective surveillance of, 
for instance, clinical or microbiological resolution of infection, 28-â•‰day mortality, or readmission 
for infection-â•‰related diagnosis after discharge from hospital. Outside clinical trials, these data may 
not always be formally collated; improvements in clinical coding and information systems may 
facilitate this in the future.

Most hospitals in the England conduct point prevalence surveys of antimicrobial use at yearly 
or more frequent intervals [4]â•„; such studies are based on infection control methodology, and 
involve all antimicrobial prescriptions in the hospital (or nursing home) setting being reviewed 
on a single day with regards to dose, documented indication, and guideline compliance. Other 
epidemiological data may also be collected (e.g. the presence of a urinary or vascular catheter) 
depending on the needs of the organization. Typically, point prevalence data are collected by clini-
cal pharmacists in the UK on their daily ward visit, but in other countries infection specialist doc-
tors or nurses may collect the data. Robust design of paper, or web-â•‰based, data collection forms is 
key to ensuring a uniform dataset, eliminating ambiguity by specifying in advance, for example, 
whether to include stat doses, topical agents, or half days of therapy. The most useful data item 
from such surveys that cannot be generated from raw drug usage data is the prevalence of anti-
microbial prescriptions, i.e. the proportion of inpatients receiving an antimicrobial at any one 
time; longitudinal usage data for antimicrobials is more appropriately generated from dispensing 
record systems. Prevalence surveys and quality indicators as a tool to improve stewardship will be 
discussed in more detail elsewhere in this book. The importance and utility of electronic prescrib-
ing in measuring antibiotic consumption is self-â•‰evident and is discussed in Chapter 8.
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Chapter 7

Measuring and feeding  
back stewardship

Jacqueline Sneddon and William Malcolm

Introduction to measuring and feeding back stewardship
Measurement is an essential element of any antimicrobial stewardship programme as it enables 
organizations and clinicians to plan, prioritize, and evaluate the success of their interventions. 
When planning a stewardship intervention a means of measuring its impact should always be con-
sidered. This applies to interventions such as development and implementation of a new guide-
line, a quality initiative to optimize prescribing, or the launch of a new educational resource to 
support healthcare staff. The concept of measuring to improve understanding was known as early 
as the nineteenth century; Lord Kelvin is famously quoted as saying ‘if you cannot measure it you 
cannot improve it’. Measurement has been used for centuries in research but more recently it has 
become a cornerstone of benchmarking and scrutiny within healthcare. It is also utilized through 
various means to improve quality and reduce the failure rate in manufacturing industries, and 
these approaches have become widely used in healthcare. Data capture is a key factor in designing 
measurement of stewardship interventions. Electronic systems can capture data to provide quan-
titative information for monitoring longitudinal trends but for many healthcare interventions 
manual collection of data through clinical audit may be required to support improvement in prac-
tice. Electronic data linkage is highlighted within the UK 5-â•‰year antimicrobial resistance strategy 
(2013–â•‰18) [1]â•„ to provide a true assessment of the intended and unintended impact of stewardship 
interventions on patient care. Specific measures, ratios, or indicators may also be used to monitor 
changes over time, between geographical areas, and before and after interventions.

Quality improvement methodology
The use of quality improvement methodology within healthcare has expanded rapidly over the 
past 10 years, supported by organizations such as the Institute for Healthcare Improvement (IHI) 
[2]â•„ in the USA and The Health Foundation [3] in the UK. Much of the experience and the tools 
used in quality improvement originated in the manufacturing and aviation industries, which have 
radically improved safety during the past 25 years.

Data suggesting that one in ten admissions to hospital results in an adverse event are one of the 
key drivers for improving patient safety in healthcare in the UK [4]â•„. These data provide the impe-
tus to improve practice, reduce errors, and understand near misses. The financial implications of 
errors, such as costs of litigation and increased length of stay and reputational risks, must also be 
considered. Interventions involving invasive medical devices and compliance with local policies 
for both infection control and antimicrobial prescribing have been a focus for quality improve-
ment [5,6]. The primary drivers for improvement are: the ‘will’ to change, ‘ideas’ to make processes 
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and outcomes better, and the capacity/â•‰capability (theories, tools, and techniques) to enable the 
‘execution’ of the ideas. There are several quality improvement methodologies used in healthcare, 
for example the Model for Improvement, LEAN, and Six Sigma, but all have similar components.

The Model for Improvement provides a simple yet powerful tool for accelerating improvement 
based on three fundamental questions [7]â•„:
‘What are we trying to achieve?’ [A clear aim—â•‰what, how much, by when?]
‘How will we know that change is an improvement?’ [Measuring processes and outcomes]
‘What changes can we make that will result in an improvement?’ [What do we want to test? What 

can we learn as we go along?]
Improvement is about gathering just enough data, constantly changing what we are doing depend-
ing on our small tests of change and using statistical process control tools such as run charts to 
measure improvement over time. Three types of measure may be used, as shown in Box 7.1.

Structure and process indicators for stewardship
Antimicrobial stewardship is a fairly new concept, and measures of its effectiveness have begun to be 
developed during the past few years. Several groups in Europe have published structural indicators 
for hospital stewardship programmes [8–â•‰10] and the top 10 validated ones are shown in Box 7.2.

Auditing the quality of prescribing
In the absence of electronic prescribing in hospitals point prevalence surveys (PPS) are used to 
audit the quality of antimicrobial prescribing. PPS have been used at European [11] and national 
levels [12] to map trends over time in relation to quality measures such as the percentage of 
patients receiving an antibiotic, the percentage of intravenous antibiotics, and percentage compli-
ance with local antibiotic policy and to identify local and national priorities for improvement [13].

These high-â•‰level data may be useful for feedback within national organizations to inform policy, 
while results from local surveys can be fed back to managers and clinicians. Audit tools from these 
PPS can also be utilized to undertake bespoke audits focusing on specific wards or specific antibi-
otics to support improvement activity.

Antimicrobial prescribing indicators are explicitly defined measureable items of antibiotic use 
giving a possible indication of the level of quality. The Scottish Antimicrobial Prescribing Group 

Box 7.1â•‡ Types of measures—â•‰with examples related  
to management of sepsis

◆	 Outcome measures: How is the system performing? What is the result? (For example, are 
patients diagnosed with sepsis receiving a first dose of antibiotic within 1 hour?)

◆	 Process measures: Are the parts/â•‰steps in the system performing as planned? (For example, 
are all clinical staff aware of the local sepsis policy and able to access it at the point of care?)

◆	 Balancing measures: Looking at a system from different directions/â•‰dimensions. What hap-
pened to the system as we improved the outcome and process measures? (For example, 
unanticipated consequences such as outcomes for patients with diagnoses other than sep-
sis, increased use of broad-â•‰spectrum antibiotics)
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has developed national and hospital prescribing quality indicators [14] to support a government 
target for reduction of Clostridium difficile infection; example data are shown in Figure 7.1.

Indicators for hospital stewardship are included in the ‘Start Smart then Focus’ [6]‌ campaign, 
and the UK Department of Health has recently proposed prescribing indicators with targets 
for NHS England. The recent progress report of the Transatlantic Taskforce on Antimicrobial 
Resistance [15] calls for a global approach to the development of indicators for stewardship as one 
of its key recommendations.

Indicators to measure the quality of healthcare in community settings are being increasingly 
used by clinicians and policy makers. A set of 12 quality indicators were developed and validated 
by the European Surveillance of Antimicrobial Consumption (ESAC) programme [16] and are 
shown in Box 7.3.

The most useful indicator relating to selection pressure for antimicrobial resistance is consump-
tion of antibacterials for systemic use [Anatomical Therapeutic Chemical (ATC) Classification 
System code J01]. Other indicators considered in isolation are less useful due to interdepend-
ences. In Scotland a national prescribing indicator with a target was introduced in 2013 using a 
‘best in class’ approach to drive improvement [17] and a similar indicator is planned in England.

Antibiotic-​specific prescribing indicators may be less relevant for clinicians than for policy 
makers, therefore the ESAC have also developed a set of disease-​specific quality indicators for 
antibiotic prescribing in primary care [18] (see Box 7.4).

Feedback of data
For all types of audit, regular and timely feedback is essential to drive improvements in practice. 
Sharing prescribing data with front-​line clinicians in real time is the most effective way to allow 
them to reflect on their practice and encourage them to change their prescribing behaviours. 

Box 7.2  Top 10 validated indicators for antimicrobial  
stewardship in European hospitals

  1.  Formal mandate for hospital multidisciplinary antimicrobial management team (AMT)
  2.  AMT member is a member of the drug and therapeutics committee
  3.  Bedside expert consultant advice regarding antibiotics available on request the same day
  4.	  Regular ward rounds by members of AMT performed at least weekly
  5.  Clinical audit of prescribers’ compliance with local clinical guidelines by the AMT
  6.  Antibiotic formulary/​list updated biannually
  7. � Local clinical practice guidelines for microbiologically documented therapy updated 

biannually
  8.  Local clinical practice guidelines for empirical therapy updated biannually
	 9.	  Local clinical practice guidelines for surgical prophylaxis available
10. � Prescriber education by personalized interactive methods (e.g. daily ward rounds, face to 

face training sessions)
Source: data from Buyle F et al., ‘Development and validation of potential structure indicators for evaluation antimicrobial 
stewardship programmes in European hospitals’, European Journal of Clinical Microbiology and Infectious Diseases, Volume 32, 
Issue 9, pp. 1161–​70, Copyright © 2013 Springer-​Verlag Berlin Heidelberg.
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Comparison with peers and identification of prescribers who are outliers are useful techniques 
for changing behaviour. Ideally, clinical teams (medical and nursing staff) should collect audit 
data to give ownership and support improvements in practice. Many methods can be used for 
feeding back data depending on the audience and whether the data are being used for scrutiny, 
for example targets, or for quality improvement. Published reports, run charts, and benchmarking 
tables are examples of feedback outputs (see Box 7.5).
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Compliance with Policy - April 2011 to March 2014

% Compliant with Policy Median = 93% Target = 95%

% Indication Documented Median = 98% Target = 95%

Figure 7.1  Empirical prescribing data for medical admissions units.

Source: data from Institute for Healthcare Improvement extranet website, www.ihi.org.

http://www.ihi.org


Box 7.3â•‡ ESAC-â•‰validated primary care quality indicators

◆	 Consumption of antibacterials for systemic use (ATC J01) expressed in defined daily 
doses per 1000 inhabitants per day (DID)

◆	 Consumption of penicillins (ATC J01 C) expressed as DID
◆	 Consumption of cephalosporins (ATC J01 D) expressed as DID
◆	 Consumption of macrolides, lincosamides, and streptogramins (ATC J01 F) expressed as DID
◆	 Consumption of quinolones (ATC J01 M) expressed as DID
◆	 Consumption of beta-â•‰lactamase-â•‰sensitive penicillins (ATC J01 CE) expressed as a per-

centage of total consumption for systemic use (ATC J01)
◆	 Consumption of combination of penicillins including beta-â•‰lactamase inhibitors (ATC 

J01 CR) expressed as a percentage of total consumption for systemic use (ATC J01)
◆	 Consumption of third and fourth generation cephalosporins [ATC J01 (DD+DE)] 

expressed as a percentage of total consumption for systemic use (ATC J01)
◆	 Consumption of fluoroquinolones (ATC J01 MA) as a percentage of total consumption 

for systemic use (ATC J01)
◆	 Ratio of the consumption of broad-â•‰spectrum {ATC J01 [CR+DC+DD+(F–â•‰FA01)]} to the 

consumption of narrow-â•‰spectrum penicillins, cephalosporins, and macrolides [ATC J01 
(CE+DB+FA01)]

◆	 Seasonal variation of total antibiotic consumption (ATC J01)
◆	 Seasonal variation of quinolone consumption (ATC J01 M)

Adapted by permission from BMJ Publishing Group Limited: BMJ Quality and Safety, Coenen S et al., ‘European Surveillance 
of Antimicrobial Consumption (ESAC): quality indicators for outpatient antibiotic use in Europe’, Volume 16, Issue 6, pp. 440–â•‰
445, Copyright © 2007 BMJ Publishing Group Ltd and The Health Foundation.

Box 7.4â•‡ Evidence

◆	 Development and validation of potential structure indicators for evaluation of antimi-
crobial stewardship programmes in European hospitals (Eur J Clin Microbiol Infect Dis 
2013;32:1161–â•‰70)

◆	 European Surveillance of Antimicrobial Consumption (ESAC): quality indicators for out-
patient antibiotic use in Europe (Qual Saf Health Care 2007;16:440–â•‰5)

◆	 Start smart—â•‰then focus. Antimicrobial stewardship toolkit for English Hospitals. Public 
Health England, March 2015 (https://â•‰www.gov.uk/â•‰government/â•‰uploads/â•‰system/â•‰uploads/â•‰
attachment_â•‰data/â•‰file/â•‰215308/â•‰dh_â•‰131181.pdf)

Box 7.5â•‡ Practical points

◆	 Make measurement count. Consider who collects data, sample size, frequency, and feed-
back methods

◆	 Use validated indicators for benchmarking and comparison between hospitals
◆	 Use locally agreed measures for clinical audit
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Conclusion
Measurement has become an established part of modern healthcare systems but there is a danger 
that front-â•‰line staff can be swamped by data collection, taking them away from patient care. To 
ensure that data collection is reliable and sustainable it should be integrated into the daily routine 
rather than being an extra task. It is also important to ensure that results are visible and fed back 
to those who collected the information so that staff remain motivated and can be proud of their 
achievements. Within the field of antimicrobial stewardship, metrics for monitoring structure, 
process, and outcomes are still evolving. However, there are many examples of good practice that 
can be followed to provide assurance about the effectiveness of local stewardship programmes.
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Chapter 8

Information technology  
in antimicrobial stewardship

Matthew Laundy

Introduction to information technology in  
antimicrobial stewardship
The information technology (IT) revolution has totally changed the way we function in society. 
Yet sometimes it appears that this revolution has bypassed healthcare, partially due to its inher-
ently conservative nature and partially to justifiable concerns about patient safety and privacy. 
Many healthcare facilities are still totally or partially reliant on paper-â•‰based patient records that 
are little different from those used 50 years ago.

This is changing. Initiatives such as the Health Information Technology for Economic and 
Clinical Health (HITECH) Act in the USA [1]â•„ and the National Program for IT (NPfIT) in the UK 
have moved forward the agenda on IT in healthcare. The HITECH approach uses financial incen-
tives to individual practitioners and organizations providing Medicare and Medicaid to adopt 
electronic health records (EHRs), the so-â•‰called meaningful use initiative. The NPfIT took a more 
top-â•‰down approach to implementation within the UK National Health Service (NHS).

The roll-â•‰out of electronic records and prescribing provides many opportunities for antimicro-
bial stewardship (AMS). Figure 8.1 illustrates the sources and flow of information in the health-
care setting relevant to AMS. The use of information technology in AMS is presented in Box 8.1.

Electronic health records
An EHR is a longitudinal electronic record of patient health information generated by one or more 
encounters in any care delivery setting. Included in this information are patient demographics, 
progress notes, problems, medications, vital signs, past medical history, immunizations, labora-
tory data, and radiology reports [2]â•„. The terms electronic patient record (EPR) and electronic 
medical record (EMR) are often used interchangeably, although there are subtle but important 
differences. We will use the term EHR as it is all-â•‰encompassing.

There are a number of EHR systems available, mostly originating from the USA. Cerner 
Corporation (Kansas City, MO, USA) and Epic Systems Corporation (Verona, WI, USA) are 
major providers in the UK and US markets.

For AMS, electronic prescribing of medication (ePrescribing) is the core functionality of an 
EHR. Beyond this, EHRs in themselves have until recently had little functionality relating to AMS 
specifically, although this is changing. Cerner Corporation is currently trialling a module for AMS.

The functionality that exists depends on the vendor but often includes:
	◆	 order sets
	◆	 compulsory indication entering
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	◆	 hard stop or review dates
	◆	 dose checking
	◆	 restricted antimicrobial alerts
	◆	 allergy alerts
	◆	 links to best practice guidelines
	◆	 intravenous to oral algorithms
	◆	 documentation of antimicrobial stewardship programme (ASP) interventions.

Interface eg HL7 with direction of flow of data

Antimicrobial Clinical
Decision Support
Systems (CDSS)

Infection Control
System
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Management
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Stand Alone
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databases and
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Figure 8.1  Sources and flow of information in the healthcare setting relevant to antimicrobial 
stewardship.
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Clinical decision support systems
Clinical decision support is a process for enhancing health-â•‰related decisions and actions with per-
tinent, organized clinical knowledge and patient information, to improve health and healthcare 
delivery [3]â•„.

At the simplest level a clinical decision support system (CDSS) in AMS can be access to online 
guidelines or a smartphone app. However, CDSSs in AMS often refer to specialist, usually com-
mercially produced, systems. Commercial examples include Antibiotic Assistant (Hospira, Lake 
Forest, IL, USA) and ABXAlert (ICNet, Stroud, UK). These systems are connected to existing 
clinical systems such as EHRs, laboratory management systems (LMSs), and infection control 
(IC) systems, as illustrated in Figure 8.1. CDSSs may be a component part of IC software. AMS 
CDSSs provide some or all of the functions described in Box 8.1 and there is good evidence to 
support their use (see Box 8.2).

Mobile applications
The ubiquitous smartphone or tablet computer provides an ideal opportunity to guide the pre-
scribing and management of antimicrobials. Commercially available apps such as Sanford 
Guide (Antimicrobial Inc., Sperryville, VA, USA) and Johns Hopkins ABX (Unbound Medicine, 
Charlottesville, VA, USA) guides are well known. They have a US bias and do not always reflect 
local practice. Apps relevant to local antibiotic guidelines can be developed to reflect practice 
and resistance patterns. Many organizations have developed their own successful in-â•‰house anti-
microbial apps: one study showed that 100% of junior doctors had downloaded the relevant app 

Box 8.1â•‡ Uses of information technology  
in antimicrobial stewardship

◆	 Alerts to the AMS team of patients prescribed antimicrobials, to support intervention and 
feedback

◆	 Identification of patients receiving prolonged-â•‰antimicrobial treatment
◆	 Identification of infectious syndromes for intervention
◆	 Prescriber decision support including evidence-â•‰based antimicrobial guidelines, allergies, 

important drug interactions, and best practice alerts
◆	 Supporting formulary restriction and pre-â•‰authorization
◆	 Capture of indication for antimicrobial use
◆	 Measuring and analysis of antimicrobial consumption at institution, unit, and 

prescriber levels
◆	 Identifying organism/â•‰antimicrobial mismatch, and modifying antimicrobial therapy
◆	 Identifying changes in resistance patterns to guide empiric guideline development
◆	 Documentation of stewardship team intervention
◆	 Gap analysis
◆	 Measurement of ASP interventions
◆	 Quantification of savings by an ASP
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by 12 months, the app was accessed 10 times more frequently than the web version, and 71% of 
clinicians felt that their antibiotic knowledge had improved [4]â•„. In-â•‰house development can be 
hampered by a lack of in-â•‰house expertise, but more importantly the loss of expertise rendering the 
app unsupported. One approach taken by the MicroGuide app (Horizon SP, Leeds, UK) is to pro-
vide a framework within which individual organizations can modify content and structure them-
selves while the technical and hosting aspects are maintained by the developers (see Figure 8.2). 
Analytical information on who accesses what, when, and where is provided to the organization by 
the developer to help guide further development.

Barriers to implementation of information technology 
in antimicrobial stewardship
The cost of IT systems is high, both in their implementation and maintenance, and it is a cost that 
management is often reluctant to bear. There is often a lack of institutional support, with clinical 
IT and analysis being seen as less important than financial reporting.

A major barrier is the lack of IT and analytical skills within organizations. IT skills can often be 
transitory with projects being left unsupported once skilled individuals leave.

Leadership is often lacking both clinically and within IT departments. There is often a lack of 
clinical buy-â•‰in and poor management of change, with clinical teams having little input into deci-
sion making.

In many healthcare organizations data are often stored in individual databases or spreadsheets 
that are inaccessible to all but the users—â•‰‘data silos’. This leads to duplicated data with inefficiency 
and inconsistency.

Data security and legislation are important factors to consider. Organizational requirements 
on the governance of information and legislative regulations dictate what data can be stored and 
where. Examples of this legislation are the Data Protection Act in the UK and the many federal 
and state laws in the USA.

Box 8.2â•‡ The evidence for clinical decision support systems 
in antimicrobial stewardship

◆	 Correct antibiotic [9,10]
◆	 Reduction in antibiotic usage [11–â•‰14]
◆	 Reduction in broad-â•‰spectrum antibiotic use [15]
◆	 Shorter length of stay [9,11]
◆	 Reduction in adverse events [11,12]
◆	 Decreased mortality [12]
◆	 Increase in pharmacy interventions [11]
◆	 Reduction in time spent on AMS activities by AMT team [11]
◆	 Decreased costs [9,11,13]

Source data from Andreassen PM et al. 2006 [9]â•„; Thursky KA et al. 2006 [10]; Evans RS et al. 1998 [11]; Pestotnik S et al. 1996 
[12]; Calloway S et al. 2013 [13]; Schulz L et al. 2013 [14]; and Litvin CB et al. 2013 [15].
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Social media
Social media applications such as Twitter (San Francisco, CA, USA), Facebook (Menlo 
Park, CA, USA), and YouTube (Google, Mountainview, CA, USA) have become integral to 
twenty-â•‰first-â•‰century life.

Where should one use social media for AMS? One relevant group is medical staff in training—â•‰
a group most likely to initiate antimicrobials but also one of the most difficult to engage with. 
They have a high turnover rate, restrictive work hours, and limited time. However, they are 
also the most likely to have embraced social media and to be users of mobile devices. This pro-
vides the AMS team with an opportunity to provide education regarding antimicrobial use. The 
effectiveness of this approach has not been reported in AMS but its success is well recognized 
in other areas. Examples of use would include dissemination of information, quizzes, online 
chats, and re-â•‰Tweeting of important research, journal articles, and national and international 
campaigns.

There are some important points to consider when developing a social media campaign in 
AMS [5,6]:
	◆	 keep it active—â•‰if the social media are barely updated, people will not return
	◆	 keep it interesting

Figure 8.2â•‡ Screenshot of the MicroGuide antimicrobial guideline app for smartphones.

Reproduced courtesy of Horizon Strategic Partners Limited.
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	◆	 ensure access for all—â•‰many organizations block social media
	◆	 ensure activity alignment—â•‰all social media should have a similar message
	◆	 integrate the social media campaign with traditional media
	◆	 maintain patient confidentiality
	◆	 avoid specific advice to patients
	◆	 avoid spreading erroneous or biased information.

Online antimicrobial stewardship resources and education
The ability to disseminate information and teach subjects to a vast audience over the internet 
independent of geography has changed the way we provide education.

The web has a large number of AMS resources, too numerous and ephemeral to list. One recent 
example is the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) 
Study Group for Antibiotic Policy Policies (ESGAP) Antimicrobial Stewardship Virtual Learning 
Community, an open-â•‰access web-â•‰based resource to provide information and tools to foster 
AMS [7]â•„.

Apart from traditional university courses available online there has been the development of 
massive open online courses (MOOCs). These are online open-â•‰access courses with unlimited 
enrolment. They can involve online video lectures, notes, and slide presentations. Participation 
can often be recognized by a certification process. There are two MOOCs available related to 
AMS, from the British Society for Antimicrobial Chemotherapy with Dundee University, and 
Stanford University.

Clinical intelligence and big data
Clinical systems within the healthcare environment generate a huge amount of data. Clinical and 
business intelligence (C&BI) is the use and analysis of data captured in the healthcare setting to 
directly inform decision making. It has the power to make a positive impact on the delivery of 
patient care [8]â•„ (See Box 8.3). ‘Big data’ is a term applied to datasets that are so large and varied 
that they cannot be analysed using traditional analytical techniques. What makes data big is 
summarized by the three Vs: volume (the datasets are huge), velocity (the datasets are changing 
rapidly), and variety (the datasets contain many different types of data including structured and 
unstructured data). The important aspect of big data is the ability to make predictions based on 
the analyses. The potential for AMS is huge. An example would be integrating datasets on anti-
biotic use, antibiotic resistance, clinical parameters, outcome measures, and clinical notes. The 
future is predictive AMS!

Box 8.3â•‡ Practical points

Even without a CDSS the reporting functionality of commercial EHRs can be used to guide 
antimicrobial stewardship. A data warehouse (a repository of data) attached to the EHR can 
be interrogated using standard business intelligence tools. The use of these tools can be rapidly 
learnt, and most organizations will have personnel with sufficient skills for the job. This allows, 
for example, the AMS team to identify patients on antibiotics for review and feedback by the 
stewardship team, measure antimicrobial consumption, or identify missed doses.
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Chapter 9

Pharmacokinetic and pharmacodynamic 
principles of antimicrobials

Menino Osbert Cotta and Jason Roberts

Introduction to pharmacokinetic and pharmacodynamic 
principles of antimicrobials
Optimizing the use of antimicrobial resources is of the utmost priority in the current climate of 
accelerating bacterial resistance and a lack of new antibiotics.

Optimal prescribing of antimicrobials requires an understanding of the relationship between 
antimicrobial exposure in the body (pharmacokinetics, PK) and the corresponding clinical 
response (pharmacodynamics, PD). It is becoming increasingly important that antimicrobial PK/â•‰
PD are taken into account when dosing antibiotics for the treatment of infections in order to 
ensure the maximum likelihood of clinical cure while also suppressing the emergence of anti-
microbial resistance (Figure 9.1). However, challenges such as decreasing antimicrobial suscep-
tibility and variations in PK, either by predisposition or through disease, mean that there is no 
‘one size fits all’ approach to optimizing antimicrobial dosing. This chapter aims to summarize the 
principles of antimicrobial PK/â•‰PD as well as to discuss dosing implications in the setting of altered 
PK among specific patient populations.

Antimicrobial PK/â•‰PD indices
As the intention of antimicrobial therapy is to kill or inhibit the growth of the infective organism 
(described as ‘kill characteristics’), the PK exposure of the antimicrobial is of paramount signifi-
cance for determining the optimal dosing regimen.

The pathogen–â•‰antimicrobial exposure relationship, the PK/â•‰PD index, has been characterized in 
many in vitro and animal model studies. There are three PK/â•‰PD indices used to categorize current 
antimicrobials (see Figure 9.2):
	(1)	 time dependent (f T> MIC)
	(2)	 concentration dependent (Cmax/â•‰MIC)
	(3)	 concentration dependent with time dependence (AUC0–â•‰24/â•‰MIC).
All three include the main marker for antimicrobial potency, that is, the minimum inhibitory con-
centration (MIC) (the other terms are defined later). Identifying which PK/â•‰PD index an antimi-
crobial belongs to will help guide dosing strategies for optimizing therapy in the face of altered PK.

Time-â•‰dependent antimicrobials
The major killing effect of some antimicrobials relates to the time for which the unbound or ‘free’ 
concentration of the drug exceeds the MIC (f T> MIC). The main antimicrobial classes that belong 
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to this category are the β-â•‰lactams (penicillins, cephalosporins, carbapenems, and monobactams), 
lincosamides, and some macrolides (erythromycin and clarithromycin).

Concentration-â•‰dependent antimicrobials
For these antimicrobials the most accurate descriptor for efficacy is the ratio of the maximum 
antibiotic concentration (Cmax) to the MIC (Cmax/â•‰MIC). Antimicrobials considered to have 
concentration-â•‰dependent bacterial killing include aminoglycosides, fluoroquinolones, metroni-
dazole, and lipopeptides (daptomycin).

Concentration-â•‰dependent antimicrobials with time dependence
The efficacy of some antimicrobials is best described according to the ratio of the area under the 
concentration–â•‰time curve during a 24-â•‰hour time period (AUC0–â•‰24) to the MIC (AUC0–â•‰24/â•‰MIC). 
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Figure 9.1â•‡ Pharmacokinetics (PK)/â•‰pharmacodynamics (PD)—â•‰relationship between antibiotic, host, 
and pathogen.
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Figure 9.2â•‡ Pharmacokinetic/â•‰pharmacodynamic indices for antibiotics. Key: T > MIC, time for which 
the plasma concentration of the drug exceeds the minimum inhibitory concentration (MIC); fT>MIC,  
time that the unbound or ‘free’ concentration of the drug exceeds the MIC; Cmax/â•‰MIC, ratio of 
maximum antibiotic concentration (Cmax) to the MIC; AUC0–â•‰24/â•‰MIC, ratio of the area under the 
concentration–â•‰time curve during a 24-â•‰hour time period (AUC0–â•‰24) to the MIC.
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This PK/â•‰PD index is indicative of antimicrobials that display both time-â•‰dependent killing and 
concentration-â•‰dependent microbiological eradication. Concentration-â•‰dependent antibiotics such 
as aminoglycosides and fluoroquinolones, as well as time-â•‰dependent antimicrobials like linezolid, 
have been shown to exhibit efficacy according to AUC0–â•‰24/â•‰MIC. Other antibiotics in this category 
include glycopeptides, tetracyclines, azithromycin, and glycylcyclines (tigecycline).

Pharmacokinetic considerations

Volume of distribution
An important aspect of the PK profile of a drug is its apparent ‘volume of distribution’ (Vd). The 
Vd is defined as the volume of fluid that a drug appears to distribute into to give it a concentra-
tion equal to that measured in plasma (Figure 9.3). Therefore, this theoretical volume provides an 
insight into drug distribution between the blood and the rest of the body and is determined using 
the following equation:

Vd
dose

p

=
C

where Cp is the concentration in plasma.
Hydrophilic antimicrobials such as β-â•‰lactams tend to concentrate more in blood and the inter-

stitial fluid of tissues and so, as reflected by the above equation, have a smaller Vd. Conversely, 
non-â•‰polar or lipophilic antimicrobials, such as fluoroquinolones, tend to concentrate intracel-
lularly as well as in adipose tissue and thus have lower measurable concentrations in blood and 
thus a larger Vd. The benefit of knowing the Vd of an antimicrobial is that it can guide what initial 
change to dosing may be required to rapidly achieve target concentrations in plasma. This may be 
of value when treating infections in disease states where there are significant shifts in body fluid 
distribution, such as severe sepsis and septic shock.

Clearance
As with other drugs, the clearance (CL) of antimicrobials is an important consideration for opti-
mizing therapy. Generally speaking, hydrophilic antimicrobials are cleared via the kidneys and so 
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Figure 9.3â•‡A ntibiotic pharmacokinetic considerations based on volume of distribution (Vd).
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dose reductions and/â•‰or a decreasing dosing frequency should be considered to prevent accumu-
lation of the drug and toxicity.

For time-â•‰dependent antimicrobials that are cleared via the kidneys, an appropriate dose adjust-
ment to maintain a therapeutic exposure in renal failure may mean using lower doses rather than 
reducing frequency so as to maintain the PK/â•‰PD index of f T> MIC. Predominantly renally elimi-
nated concentration-â•‰dependent antimicrobials such as aminoglycosides, on the other hand, may 
require the use of a prolonged dosing interval so that Cmax/â•‰MIC is preserved but accumulation of 
the drug, and the associated risk of toxicity, is minimized.

Hepatic failure can have a number of effects on the PK/â•‰PD properties of antimicrobials. Firstly, 
there will be an accumulation of antimicrobials metabolized and cleared by the liver and a 
subsequent risk of drug/â•‰metabolite accumulation and toxicity. One example of this is with the 
concentration-â•‰dependent antibiotic metronidazole, which is metabolized more slowly in the pres-
ence of hepatic impairment. Maintaining standard doses of 500 mg ensures that Cmax/â•‰MIC targets 
are maintained, but reducing the frequency to every 12 to 24 hours in the setting of severe hepatic 
failure reduces the likelihood of toxic effects due to drug accumulation.

Protein binding
The affinity of antimicrobials for plasma proteins such as albumin (which constitutes approxi-
mately 60% of all plasma proteins) can affect antimicrobial activity in a number of ways. Firstly, it 
is the unbound or ‘free’ concentration of the drug that is available for distribution into extravascu-
lar spaces such as the interstitial fluid of tissues. This is an important consideration as the majority 
of microbial infections occur in sites other than in the blood. Additionally, only the free fraction 
of the drug is available for elimination from the body. Hence, CL of highly protein-â•‰bound antimi-
crobials via mechanisms such as tubular secretion, glomerular filtration, and hepatic metabolism 
can be slower than of antimicrobials with lower plasma protein-â•‰binding.

A decrease in plasma protein concentrations or a hypoalbuminaemic state (serum albumin 
concentrations < 25 g/â•‰L) may have dosing implications for highly protein-â•‰bound antimicrobials 
(>90% protein binding) such as the isoxazolyl penicillins, flucoxacillin and dicloxacillin. Although 
there is an increase in the unbound proportion of drug available for antibacterial activity, this is 
not always clinically advantageous. Rather, it can lead to enhanced CL due to higher concentra-
tions of unbound drug, resulting in less active drug being available for antimicrobial effects. For 
time-â•‰dependent antibiotics such as the isoxazolyl penicillins this will mean that more frequent 
dosing may be a valid dose alteration to ensure maintenance of concentrations above the MIC.

Antibiotic dosing in challenging populations

Critically ill patients
Acute and often dramatic pathophysiological changes make the optimization of antibiotic dosing 
in the critically ill an ongoing challenge. In order to overcome these hurdles, clinicians need to 
evaluate the effects of critical illness, such as severe sepsis/â•‰septic shock, on the PK/â•‰PD indices of 
the prescribed antimicrobial using a step-â•‰by-â•‰step process (Figure 9.4).

Volume of distribution
Due to the large movements of fluid into the interstitial space as a result of endothelial dysfunc-
tion, extensive capillary leakage, and migration of albumin out of plasma (hypoalbuminaemia), 
one of the first PK/â•‰PD considerations is an increased Vd. Hydrophilic antimicrobials are much 
more affected by this fluid redistribution than lipophilic antimicrobials.
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Elimination half-â•‰life
Drug elimination is a function of both CL and Vd, as represented by the following equation:

t1 2/ =
×0.693 Vd

CL

where t1/â•‰2 is the elimination half-â•‰life. As such, t1/â•‰2 is prolonged when Vd increases and shortened 
when CL increases. Sepsis-â•‰related multiple organ dysfunction syndrome (MODS), a not uncom-
mon occurrence in the critically ill, can result in a profound extension of t1/â•‰2 for both hydrophilic 
and lipophilic antimicrobials as both kidneys and liver are affected.

Conversely, some patients with sepsis may exhibit increased CL as a result of increased renal 
perfusion due to the administration of large amounts of intravenous fluids as well as vasopressors, 
leading to a decrease in t1/â•‰2 for renally cleared antimicrobials. This increased drug CL, defined as a 
creatinine clearance ≥ 130 mL/â•‰min/â•‰1.73 m2, has been termed ‘augmented renal clearance’ (ARC). 
It is now widely described in critically ill patients and has been associated with subtherapeutic 
plasma concentrations of antimicrobials [1]â•„.

Alternative dosing strategies: loading doses and extended and continuous 
antimicrobial infusions
In the setting of an increased Vd, standard dosing of antimicrobials is often associated with 
suboptimal exposure. Loading doses, therefore, may be of benefit in ensuring initial adequate 
concentrations of antimicrobials and have been applied for antimicrobials that have a 
concentration-â•‰dependent component to their efficacy, such as glycopeptides and tigecycline.
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Figure 9.5â•‡ Simulated antibiotic concentration–â•‰time profiles for bolus, extended, and continuous 
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Higher doses of aminoglycosides among the critically ill have also been employed (e.g. ≥7 mg/â•‰
kg for gentamicin and ≥25 mg/â•‰kg for amikacin, both using adjusted body weight) based on this 
same principle.

Increased Vd also affects how time-â•‰dependent antimicrobials are given, and dosing strategies 
that improve the likelihood of fT> MIC for 100% of the dosing interval, the ideal PK/â•‰PD index 
for antimicrobials such as β-â•‰lactams, may have to be employed. These include the use of more 
frequent administration or the use of extended (administering the antimicrobial dose over about 
50% of the dosing interval) or continuous (administering the daily dose of the antibiotic as a 24-â•‰
hour infusion) infusions with an initial loading dose (Figure 9.5).

Obesity
Antimicrobial dosing in the obese, defined as those with a body mass index (BMI) ≥ 30 kg/â•‰
m2, is an important consideration given the increasing prevalence of obesity worldwide. Obese 
patients have a higher percentage of adipose tissue and lower proportions of total body water 
and lean body mass than non-â•‰obese patients. As such, antimicrobial dosing strategies need to 
be tailored to this group of patients, paying due attention to the hydrophilicity of the antimi-
crobial and how it relates to body composition (i.e. the Vd of hydrophilic drugs is affected by 
lean body mass).

Table 9.1â•‡ Antimicrobial dosing strategies in obese patients

Antibiotic/â•‰
antibiotic class

PK/â•‰PD index Weight used 
in dosing

Dosing in the obese

β-â•‰Lactams fT> MIC LBW Higher doses ± more frequent dosing, e.g. cefazolin 2 g 
every 4 hours

Consider the use of extended or continuous infusions

Aminoglycosides Cmax/â•‰MIC ABW Use of TBW can lead to supratherapeutic concentrations 
and risk of toxicity whilst IBW does not account for the 
increased muscle mass which is seen in the obese

Glycopeptides AUC0–â•‰24/â•‰
MIC

TBW Uncapped weight-â•‰based loading doses (15–â•‰30 mg/â•‰kg) 
with either intermittent or continuous infusions (if it is 
difficult to attain adequate trough concentrations via 
intermittent dosing)

Fluoroquinolones Cmax/â•‰MIC ABW Higher doses without more frequent dosing

Lincosamides fT> MIC LBW Higher doses ± more frequent dosing, e.g. clindamycin 
900 mg every 6 hours

Oxazolidinones 
(linezolid)

AUC0–â•‰24/â•‰
MIC

Standard 
dosing

Either higher doses (e.g. 1200 mg every 12 hours) or 
increased frequency (600 mg every 8 hours) should be 
considered

Lipopeptides 
(daptomycin)

Cmax/â•‰MIC LBW Increase doses based on 4–â•‰12 mg/â•‰kg depending on 
indication

Glycylcyclines 
(tigecycline)

AUC0–â•‰24/â•‰
MIC

Standard 
dosing

Consider a higher loading dose of 200 mg

Key: PK, pharmacokinetics; PD, pharmacodynamics; fT> MIC, time that the unbound or ‘free’ concentration of the drug 
exceeds the minimum inhibitory concentration (MIC); Cmax/â•‰MIC, ratio of maximum antibiotic concentration (Cmax) to the 
MIC; AUC0–â•‰24/â•‰MIC, ratio of the area under the concentration–â•‰time curve during a 24-â•‰hour time period (AUC0–â•‰24) to the 
MIC; ABW, adjusted body weight; IBW, ideal body weight; LBW, lean body weight; TBW, total body weight.
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Common weight descriptors that aid in drug dosing include total body weight (TBW), ideal 
body weight (IBW), adjusted body weight (ABW), and lean body weight (LBW). Interestingly, 
there is an increased Vd and CL for both hydrophilic and lipophilic antimicrobials in obese 
patients with normal renal function, so there should be due consideration given to an increase 
in drug dosing for both these groups of antimicrobials when optimizing dosing strategies in the 
obese. Of note, LBW seems to provide the best correlation with changes in Vd and CL. Table 9.1 
summarizes potential strategies that may be adopted for commonly used antimicrobials and anti-
microbial classes when dosing obese patients.

Conclusion
Understanding the PK/​PD principles of antimicrobials represents the first step in rationaliz-
ing dosing regimens that optimize exposure to microbial pathogens. To this end, appreciation 
of the PK/​PD index to which an antimicrobial belongs remains a fundamental consideration. 
Importantly, though, these bug–​drug exposure relationships must take into account PK devia-
tions among specific patient population groups, such as the critically ill and obese, so that therapy 
can be tailored to maximize effectiveness.
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Chapter 10

The role of the microbiology laboratory 
in antimicrobial stewardship

Peter Riley

Introduction to the role of the microbiology laboratory 
in antimicrobial stewardship
Microbiology laboratories play a role in antimicrobial stewardship at the individual patient and popu-
lation level. When empiric therapy has been started, rapid results can lead to earlier targeted treatment. 
Accumulated results of susceptibility testing can be analysed and used to generate empiric treatment 
and prophylaxis guidelines, locally or nationally. Microbiological analysis of clinical specimens still 
relies on culture, but developments in differential media and the introduction of automated tech-
niques combined with molecular methods have improved efficiency. Figure 10.1 shows the pathway 
of a specimen and stages where information on antimicrobial susceptibility may become available.

Organism identification and antimicrobial  
susceptibility testing
Accurate interpretation of the results of an antimicrobial susceptibility test (AST) requires identi-
fication of the isolate. Traditional methods rely on phenotypic properties, for example biochem-
ical identification:  this can be automated and, in some instruments, coupled with AST. Some 
molecular methods can be applied directly to clinical specimens. Matrix-â•‰assisted laser desorption 
ionization time-â•‰of-â•‰flight mass spectrometry (MALDI-â•‰TOF) is being increasingly used as the first-â•‰
line test for identification [1]â•„. With few exceptions, MALDI-â•‰TOF gives reliable identification of 
common bacteria and fungi, reducing the time taken for identification by 24 hours or more (e.g. 
identification on the same day that a blood culture becomes positive).

Choice of antibiotics to be tested
Bacterial isolates are tested against a panel of antibiotics. These are appropriate for the species 
(either known or predicted), the specimen site, and which antibiotics are on the hospital formulary 
and recommended in guidelines. Some antibiotics may not be used for treatment but are proxies 
for others. Further antibiotics may be tested if initial testing reveals resistance. Although all suscep-
tibility results will be recorded, not all will be reported to the clinician (see Reporting of results).

Results are recorded in one of the following categories:
	◆	 resistant—â•‰a high likelihood of treatment failure
	◆	 susceptible—â•‰a high likelihood of treatment success
	◆	 intermediate—â•‰uncertain effect (this implies that an infection may be appropriately treated in 

body sites where the drugs are concentrated or when higher doses can be used).
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Figure 10.1  Pathway of a diagnostic specimen. Abbreviations: ID, identification; PCR, polymerase chain reaction; MALDI-​TOF, matrix-​assisted laser desorption 
ionization time-​of-​flight mass spectromtery.

Adapted from Medicine, Volume 41, Number 11, Peter A. Riley, ‘Principles of microscopy, culture and serology based diagnostics’, pp. 658–​62, Copyright © 2013 Elsevier Ltd., with permission 
from Elsevier, http://​www.sciencedirect.com/​science/​journal/​13573039

http://www.sciencedirect.com/science/journal/13573039
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Antimicrobial susceptibility tests
ASTs can be broadly divided into three groups:
	1.	 Semi-â•‰quantitative and quantitative methods. These detect inhibition or lack of inhibition of 

growth of a microbe when it is exposed to an antimicrobial agent.
	2.	 Detection of a phenotypic characteristic that predicts resistance or susceptibility.
	3.	 Detection of a molecular characteristic that predicts resistance or susceptibility.
Table 10.1 gives details of the advantages and limitations of these different methods.

Semi-â•‰quantitative methods: disc diffusion
Disc diffusion is the most widely used method. The isolate is inoculated on semi-â•‰solid agar 
medium with antibiotic-â•‰impregnated discs and incubated for 18–â•‰20 hours. The diameter of the 
zone of inhibition of growth around the disc is measured and the bacterium is categorized as 
resistant, intermediate, or susceptible depending on the size of the zone and pre-â•‰defined criteria.

The zone dimensions correspond to minimum inhibitory concentrations (MICs) that have 
been pre-â•‰determined by testing large numbers of organisms using disc diffusion and quantitative 
methods in parallel [2]â•„. Each antibiotic has a ‘breakpoint’ MIC for a particular bacterial species.  

Table 10.1â•‡ Antimicrobial susceptibility tests

Susceptibility test method Utility Time 
taken for 
results

Direct 
testing on 
specimen

Automation Cost*

Semi-â•‰
quantitative 
and 
quantitative 
methods

Disc diffusion

MIC (micro/â•‰
macro dilution)

MIC (agar 
incorporation)

MIC (continuous 
gradient disc 
diffusion)

Most organisms 
and antibiotics

Most organisms 
and antibiotics

Most organisms 
and antibiotics

Most organisms 
and antibiotics

18 hours

4–â•‰18 hours

18 hours

18 hours

Possible

Limited

Possible

No

Limited

Possible

Possible

No

+

++

++

+++

Detection of 
a phenotypic 
characteristic 
that predicts 
susceptibility

Organism  
identity

Detection of 
β-â•‰lactamase

Detection of 
carbapenemase

Limited

Limited

Limited

At 
time of ID

When 
culture is 
available

When 
culture is 
available

Possible

No

No

Possible

No

No

+ to +++

+

+

Detection of 
a molecular 
characteristic 
that predicts 
susceptibility

PCR

MALD-â•‰TOF

Whole genome 
sequencing

Limited at present

Limited at present

Limited at present

2 hours

2 hours

Variable

Possible

No

Possible

Possible

No

Possible

+++

++

+++

* Cost relative to all methods. There may be great variation depending on the total number of tests and whether 
instruments are purchased or part of a reagent/â•‰rental or managed contract.

 

 



The role of the microbiology laboratory82

If the concentration needed to inhibit the bacterium is below the breakpoint, the bacterium is 
susceptible. If the concentration is higher than the breakpoint, the bacterium is resistant.

Many factors may influence the zone size; the medium, the size of the inoculum, temperature, 
atmosphere, and the duration of incubation. Most labs use a standardized approach, for example 
the British Society for Antimicrobial Chemotherapy (BSAC) [3]â•„ or the Clinical and Laboratory 
Standards Institute (CLSI) [4] methods. In Europe many individual countries have their own 
standards, but most are in the process of harmonizing antimicrobial breakpoints in accordance 
with the European Committee on Antimicrobial Susceptibility Testing (EUCAST).

In the comparative disc diffusion method the zone sizes of the test isolates are compared with 
those of a control inoculated on the same plate [5]â•„.

Quantitative methods: minimum inhibitory concentration
The exact concentration of an antibiotic needed to inhibit growth can be determined and is known as 
the MIC. The MIC may be needed for several reasons. For some species–â•‰antibiotic combinations, disc 
diffusion techniques are not reliable (e.g. staphylococci and glycopeptides) [3]â•„. In some infections 
the MIC determines the choice and duration of treatment (e.g. the MIC of penicillin in treatment of 
streptococcal endocarditis) [6]. MICs are used when investigating the activity of new antimicrobials. 
Some laboratories use a breakpoint method for determining susceptibility for all clinical isolates.

Macro and micro broth dilution method for determining the MIC
The BSAC have published a standard method for determining the MIC [7]â•„. Doubling dilutions of 
antibiotic are added to a liquid medium and this is inoculated with the test organism. The starting 
and finishing concentration depends on the species and the antibiotic. The method can be used in 
standard test tubes (macrodilution) or a microtitre plate (microdilution).

Agar dilution method
This is a useful alternative if multiple isolates need to be tested. Doubling dilutions of antibiotic 
are added to cooling molten agar. Standardized suspensions of bacteria are inoculated onto the 
plate. Multiple isolates can be tested on the same plate if a multipoint inoculator is used.

Continuous gradient disc diffusion method
This method works by establishing a concentration gradient of antibiotic on an agar plate. A com-
mercially available form, known as the Etest [8]â•„, consists of a plastic strip that is coated on its 
lower surface with the antibiotic. This is placed on the inoculated plate and the antibiotic diffuses 
out producing a concentration gradient. The upper surface of the strip is marked with the anti-
biotic gradient concentrations. The MIC is read at the point that the growth (at the edge of an 
elliptical zone of inhibition) abuts the gradient scale. This method is easy to set up but experience 
is needed to read the results.

Detection of a phenotypic characteristic  
that predicts susceptibility
Direct β-â•‰lactamase tests are useful for Haemophilus influenzae and Moraxella catarrhalis, where 
only few different enzyme types occur and where enzyme production has clear implications for 
therapy. Chromogenic cephalosporins and acidometric or iodometric indicators are used. These 
rapid tests are not helpful when examining Enterobacteriaceae because many possible enzymes 
with different properties may be present. A relatively rapid spectrophotometric method that iden-
tifies carbapenamase-â•‰producing Enterobacteriaceae by analysing imipenem hydrolysis has been 
described [9]â•„.
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Detection of a molecular characteristic  
that predicts susceptibility
Genes coding for specific enzymes or mutations that confer resistance can be detected using 
molecular techniques such as polymerase chain reaction (PCR) and sequencing. These methods 
can be applied to clinical isolates and in some circumstances directly to specimens, providing early 
results. Currently only a small repertoire of molecular diagnostic tests are routinely employed. 
These include assays to detect mutations associated with resistance in Mycobacterium tuberculosis 
and SCCmec in Staphylococcus aureus directly from specimens or on cultures, and detection of 
genes encoding carbapenamase enzymes in Enterobacteriaceae and other Gram-â•‰negative bacteria. 
As whole genome sequencing (WGS) becomes easier and cheaper, labs may perform sequencing to 
predict susceptibilities. WGS has been shown to reliably predict susceptibilities in Mycobacterium 
tuberculosis from culture [10] and directly in specimens [11] and in S. aureus [12], Escherichia coli, 
and Klebsiella pneumoniae [13]. Molecular techniques are particularly useful for mycobacteria, 
given the prolonged duration of culture and current phenotypic ASTs. Microengineered rapid 
tests that predict antimicrobial susceptibility results allowing early targeted treatment, and in the 
case of gonorrhoea restrict the use of cephalosporins, are under development [14].

MALDI-â•‰TOF has also been employed to predict antimicrobial susceptibility using two different 
approaches—â•‰changes in molecular weight that result from hydrolysis of meropenem after expo-
sure to a bacterial isolate [15] or direct detection of up to five different β-â•‰lactamase enzymes and 
aminoglycoside-â•‰modifying enzymes in clinical isolates [16]. Although MALDI-â•‰TOF identifica-
tion of bacteria is rapid and not technically demanding, the same is not true for demonstration 
of resistance. The peptide biomolecules that are markers of resistance are larger than the normal 
range of detection for MALD-â•‰TOF and need extraction and tryptic digestion before analysis.

Automation and early reporting of results
For disc diffusion methods, automatic plate readers can measure zone sizes. Inoculation and reading 
of plates can be automated for agar dilation methods. Plates containing antibiotic at the breakpoint 
concentration can be combined with chromogenic media allowing simultaneous identification. This 
is particularly useful for urine specimens where direct testing is possible. There are several com-
mercially available automated instruments that use a microfluidic approach. Some combine AST 
with bacterial identification. Microtitre trays with antibiotic dilutions or small cassettes with wells 
are inoculated with test organisms. Turbidometric or colorimetric monitoring determines whether 
there is growth at the given antibiotic dilution. The organism is classified as susceptible or resist-
ant depending on the MIC. Some instruments employ software that performs analysis of the MICs 
before reporting (see Reporting of results). Regular automated monitoring means that results may 
be available within 4 hours rather than the 18–â•‰20 hours needed for disc diffusion or agar dilution 
methods. Studies have demonstrated improvements in targeted therapy as well as reduced costs of 
further tests and shortened length of stay when automated systems are used (see Box 10.1). However, 
it is important to point out that benefits may not be seen in all hospitals unless there is appropriate 
infrastructure in place, such as extended working time in the laboratories, real-â•‰time communication 
of results, and staff on the wards who are available to react to the results.

Reporting of results

Expert rules
AST results need interpretation and editing before they are reported, and expert rules can be 
applied. EUCAST expert rules are divided into intrinsic resistance, exceptional phenotypes, and 
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interpretive rules [17]. Ideally laboratories should employ laboratory management systems (LMS) 
to automatically apply these rules.
	◆	 Intrinsic resistance: antibiotic activity is insufficient or resistance is innate (e.g. Enterobacteriaceae 

are resistant to glycopeptides). Testing of these organism–â•‰antibiotic combinations is unneces-
sary but labs often test since it is more efficient to use panels or the identity of the organism 
is not known when the AST is set up. Some organisms may look susceptible even though the 
antibiotic is not considered to be active. Examples are Enterobacteriaceae that are known to be 
AmpC producers and are intrinsically resistant to co-â•‰amoxiclav.

	◆	 Exceptional resistance:  resistance to particular antimicrobial agents that has not yet been 
reported or is very rare. Resistance rates change and can vary locally, nationally, and inter-
nationally, so criteria need continuous review.

	◆	 Interpretive reading: by reviewing the results of the susceptibility of the bacterial isolate to a 
range of antibiotics, the likely resistance mechanism can be predicted [18]. This allows editing 
of other results (see Figure 10.2).

Box 10.1â•‡ Evidence

Rapid results from the diagnostic microbiology laboratory can lead 
to earlier changes in antibiotic therapy

In a 1200-â•‰bed tertiary-â•‰care hospital in the Netherlands, the impact of rapid susceptibility 
testing and identification of positive blood cultures was compared with normal laboratory 
procedures [20]:
◆	 susceptibility testing results were available 22 hours faster
◆	 isolate identification was available 13 hours faster
◆	 50% of patients had their antibiotics changed to targeted therapy 1 day earlier compared 

with normal practice

Rapid negative results from the diagnostic microbiology laboratory 
can lead to earlier stopping of antibiotics

In neonatal sepsis the standard practice is for antibiotics to continue until blood cultures 
are negative at 48 hours. These results may only be available during the laboratory’s normal 
working day. Many babies therefore have treatment for more than 48 hours until the result is 
known. In addition, there is good evidence to show that antibiotics can be safely discontinued 
after a negative result at 36 hours [21]. A neonatal unit at a UK maternity hospital was able to 
access real time results from a continuously monitored blood culture system allowing earlier 
decisions [22]:
◆	 the total number of antibiotic doses administered on the unit fell from 27 700 to 16 900, an 

equivalent of 10 800 doses per year, or 30 doses per day based on just over 1000 admissions 
per year

Source: data from Keremans JJ et al. 2008 [20]; Kumar Y et al. 2001 [21]; and National Institute for Health and Care Excellence 
2012 [22].

 

 



Disc diffusion antimicrobial susceptibility test for a clinical isolate of
Staphylococcus aureus on Isosensitest agar and incubated at 35–37°C for
18–20 hours. A 5 µg erythromycin disc (E5) and a 2 µg clindamycin disc
(DA2) have been placed 1.5 cm apart in the centre of the plate.

This is a test for dissociated resistance, also known as the “D test”. 
The isolate shows no zone of inhibition to erythromycin. Note the blunting
of the zone of inhibition to clindamycin. Interpretative reading of this result
would conclude that the isolate has inducible resistance (MLSB) to
clindamycin and this agent should be used with caution or not at all.

Disc diffusion antimicrobial susceptibility test for a clinical isolate of
Serratia marcescens on Isosensitest agar and incubated at 35–37ºC
for 18–20 hours with the following discs; AMC30 = co-amoxiclav 30 µg,
CTX30 = cefotaxime 30 µg, CN10 = gentamicin 10 µg,
AML10 = amoxicillin 10 µg, CT25 = colistin 25 µg,
CAZ30 = ceftazidime 30 µg. 

Note resistance to colistin and co-amoxiclav, examples of intrinsic
resistance for this species.  Although the zone sizes of cefotaxime and
ceftazidime meet the criteria for susceptible, expert rules (EUCAST)  for
this organism advise that because of the risk of selecting for development
of resistance, use of these agents as monotherapy should be discouraged,
or the results should be suppressed and not reported to the clinicians. 

Figure 10.2 I nterpretative reading of an antimicrobial susceptibility test.

Reproduced courtesy of Peter Riley.
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Final clinical report
After completion of AST and the application of expert rules, results should be reviewed before 
they are released to clinicians. Not all results will be reported (see Table 10.2). Some tests relate to 
antibiotics that are not in routine use, but the results of these help with the application of expert 
rules. For antibiotics that are used therapeutically, prescribing choices can be influenced. Most 
labs will only report antibiotics that correspond to the local antibiotic guidelines. The final choices 
of what results will be released depends on any relevant clinical information that is available. Rules 
can be built into LMS so that the restricted reporting happens automatically.

Surveillance
AST data can be used to monitor trends in resistance locally as well as contributing to national 
and international surveys. Many laboratories will have LMS or other epidemiological software 
that allows some analysis of resistance rates for patient groups or locations (see Chapter  8). 
Information on local resistance rates can be provided in the form of an institutional antibiogram 
and fed back to prescribers.

Many countries run national surveillance schemes. In the UK, the BSAC has been running 
an antimicrobial resistance surveillance project since 1999 in collaboration with Public Health 
England (PHE) [19]. Laboratories in England also submit AST data to a national database main-
tained by PHE.

EARS-​Net is a European network of national surveillance systems for AST data. National net-
works systematically collect data from laboratories in their own countries and upload the data to a 
central database. Denominator data on laboratory/​hospital activity and patient characteristics are 

Table 10.2  Practical points: reporting of antimicrobial susceptibility results to prescribers

Escherichia coli isolated from urine

Antibiotics tested Antibiotics reported to clinicians

Amoxicillin Yes

Co-​amoxiclav No, unless resistant to amoxicillin

Cephalexin No, unless allergy to penicillin or resistant to amoxicillin

Cefpodoxime No (marker for ESBL only*)

Ciprofloxacin No unless resistant to other oral drugs or not an inpatient

Result may also be suppressed if the patient is a child

Gentamicin No, unless evidence of sepsis or inpatient

Trimethoprim Yes (automatic comment if pregnant†)

Nitrofurantoin Yes (automatic comment if pregnant†) but not reported in child  
< 3 months or patient with reduced eGFR

* If cefpodoxime resistant, further tests would be performed to confirm the presence of an extended spectrum  
β-​lactamase (ESBL).

† Example of a suitable comment ‘Trimethoprim should not be used in the first trimester of pregnancy. 
Nitrofurantoin may cause neonatal haemolysis if used at term and is therefore best avoided in the third 
trimester’.

With some specimens all antibiotic results may be suppressed. This happens when the isolation of an organism 
is of doubtful significance. The AST results will be available if, after discussion with clinicians, it is decided 
that treatment is needed. If treatment is not needed, the susceptibility results may still be useful for infection 
control purposes or for analysis of trends of antibiotic resistance.
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also collected. Since the programme began in January 1999, laboratories have collected antimi-
crobial resistance data on more than 400 000 invasive isolates. EARS-​Net maintains an interactive 
database
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Chapter 11

Antimicrobial stewardship in  
the immunocompromised patient

Haifa Lyster

Introduction to antimicrobial stewardship in the 
immunocompromised patient
Antibiotic resistance is a critically important issue for immunocompromised patients, who 
depend on rapid treatment with active antibiotics for survival. Advances in the management of 
cancer, solid organ transplantation (SOT), and haematopoietic stem-â•‰cell transplantation (HSCT) 
have improved survival while immunomodulating therapies have reduced morbidity in immuno-
logical disorders such as rheumatoid arthritis and inflammatory bowel disease. These advances in 
medical care are being jeopardized by the emergence of highly resistant infections in this group 
of patients [1,2]. Such resistance is largely driven by repeated and often prolonged use of broad-â•‰
spectrum antimicrobials [3]â•„. Thus, it is crucial that antimicrobial stewardship (AMS) is imple-
mented effectively in immunocompromised patients.

The stewardship strategies detailed in Chapters 5–â•‰8 are valid in immunocompromised patients. 
However, there are a number of challenges to this process; most notably, immunocompromised 
patients are susceptible to a broad spectrum of infections that can progress rapidly. This is usually 
at the forefront of a clinician’s mind when initiating or reviewing antibiotic therapy and can cause 
conflict with some stewardship strategies.

Principles of AMS in an immuncompromised host
Gyssens et al. [2]â•„ have developed a specific set of AMS principles for haematology patients, the 
majority of which are applicable to other groups of immunosuppressed patients (Box 11.1).

The evidence to support implementation of antimicrobial stewardship programmes (ASPs) in 
immunocompromised patient groups is scarce compared with that in the general population, and 
this is an issue that needs to be addressed. ASPs in cancer patients have largely focused on reduc-
ing the time to first antibiotic dose in neutropenic sepsis, which has been associated with lower 
mortality rates [4]â•„. An ASP in hospitalized HIV patients has been shown to reduce medication 
errors [5]. There are currently no AMS guidelines for SOT patients [6].

Net state of immunosuppression
The concept of ‘net state of immunosuppression’ is complex and is a combination of immunosup-
pressive agents, neutropenia, and malnutrition, as well as infections with immunomodulating 
viruses such as HIV. It can vary between patients and there is intrapatient variability over time. 
For example, transplant patients are on a multidrug regimen of immunosuppressants with higher 
doses during the early period post-â•‰SOT when the risk of rejection is greatest.
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Challenges for stewardship in  
the immunocompromised host

Physician perceptions and attitudes
The perceptions and attitudes of the team of physicians looking after immunocompromised 
patients are important factors for successful AMS (see Chapter 3): in a survey to assess attitudes, 
perceptions, and knowledge, about antimicrobial use and resistance physicians said that their 
antibiotic prescribing was most influenced by the risk of missing an infection and whether a 

Box 11.1â•‡ Principles of AMS in the immunocompromised host

◆	 Guidance on the diagnosis, treatment, and prophylaxis of fever during neutropenia should 
be developed and should include advice on duration of therapy for the inpatient as well as 
outpatient management

◆	 Empiric antibiotic therapy should be prompted by fever and clinical signs, as studies have 
shown inconsistent results with the use of biomarkers

◆	 Antibiotics should not be initiated on the basis of colonization by resistant organisms
◆	 Empiric therapy should not be initiated or escalated before taking appropriate cultures (at 

least two blood cultures in addition to relevant specimens from clinical sites of infection)
◆	 Risk stratification for infection should be undertaken according to the Multinational 

Association for Supportive Care in Cancer (MASCC) score, and should be considered in 
treatment guidelines

◆	 Empiric therapy should, at the very least, cover common virulent Enterobacteriaceae, 
Pseudomonas aeruginosa, and, Staphylococcus aureus

◆	 Individualized risk assessment for multiresistant pathogens should guide the development 
of treatment algorithms.

◆	 Strategies to reassess empiric antibiotic therapy after 2–â•‰3 days should be implemented, 
with de-â•‰escalation where possible

◆	 Epidemiological data on blood isolates and colonization should be examined on a 
regular basis

◆	 Infection-â•‰related outcome data (length of stay, infection-â•‰related mortality) should be 
monitored

◆	 Microbiology, antibiotic use, and outcome data should be discussed in local multidiscipli-
nary team meetings consisting of the parent team (e.g. haematologists), infectious disease 
(ID) specialists, and/â•‰or microbiologists and ID pharmacists

◆	 ID training for should be provided for the parent team (e.g. haematologists) and clinical 
training for ID physicians/â•‰microbiologists and pharmacists in the area in which they will 
perform stewardship

◆	 Individualized risk assessments for infection can be undertaken considering the net state 
of immunosuppression

Adapted with permission from Inge C. et al., on behalf of ECIL-â•‰4, a joint venture of EBMT, EORTC, ICHS and ESGICH of 
ESCMID, ‘The role of antibiotic stewardship in limiting antibacterial resistance among hematology patients,’ Haematologica, 
Volume 98, Number 12, pp. 1821–â•‰25, Copyright © 2013 Ferrata Storti Foundation.
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patient was critically ill or immunosuppressed [7]â•„. This means that broad-â•‰spectrum antimicrobi-
als are often prescribed for extended periods of time and de-â•‰escalation or discontinuation of anti-
microbials is resisted by clinicians as these patients are deemed ‘sicker’ than immunocompetent 
patients.

AMS is a multidisciplinary team approach; to work effectively there should be close collabora-
tion between the antimicrobial management team (AMT) and the parent team with a shared 
appreciation of the complexities of caring for these patients. A consistent AMT is important to 
increase compliance and acceptance and develop trust. Dedicated consultant-â•‰level clinicians 
should play a crucial role in ASPs in this setting [8]â•„ because junior team members are not empow-
ered to, or do not have sufficient confidence to, discontinue antimicrobial therapy.

Diagnostics
Diagnosing ‘proven’ infection is challenging in immunocompromised patients due to the effects 
of immunosuppressant treatment and host factors, which may dampen clinical signs and symp-
toms of infection. Certain diagnostic procedures may also prove challenging in this patient group; 
patients may, for example, be too unwell for imaging or have contra-â•‰indications to invasive sam-
pling such as biopsies. Further complications could include presentation with mixed infections 
or colonization by a number of potential pathogens, which must be accurately differentiated from 
active or invasive disease.

The facilitation of rapid and accurate diagnostics can support AMS, hence a close link with the 
microbiology laboratory is essential (see Chapters 10 and 17).

Neutropenic sepsis—â•‰the golden hour!
The National Institute for Health and Care Excellence (NICE) guideline on the prevention and 
management of neutropenic sepsis in cancer patients aims to ‘improve outcomes by providing 
evidence-â•‰based recommendations on the prevention, identification and management of life-â•‰
threatening complications of cancer treatment’ [9]â•„. A number of recommendations pose difficul-
ties in application, particularly the 1 hour time to administration of the first dose of antibiotics. 
A national audit highlighted that this standard was achieved in only 26% of patients [10]. The 
most common reasons for the delay were that the administration of the antibiotic was delayed 
by nurses following prompt prescribing or there was a prolonged time to assessment by a jun-
ior doctor [10]. There are a number of strategies employed to improve this, such as introducing 
local ‘patient group directives’ allowing trained nurses to initiate treatment without a doctor’s 
signature, increasing awareness of the importance of the 1-â•‰hour target, and not waiting for blood 
results prior to administering the antibiotic.

De-â•‰escalation
De-â•‰escalation is a particular challenge in the immunocompromised host, due to both physician 
beliefs and the difficulties in diagnostics already detailed. However, it is a critically important 
AMS strategy because immunocompromised patients are likely to develop frequent infections 
and receive repeated courses of antimicrobial therapy in a relatively short period of time, often 
on the background of prolonged antimicrobial prophylaxis. This practice has been associated 
with the emergence of resistant pathogens, particularly among Gram-â•‰negative bacilli [11], with 
carbapenem-â•‰resistant Enterobacteriaceae being a major concern [1,2] as mortality rates with such 
infections are 40% in SOT recipients and 65% in patients with haematological malignancies [12].

There is evidence to show that de-â•‰escalation can be accomplished safely in this patient 
group:  three studies of patients with neutropenic sepsis have shown early de-â•‰escalation from 
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intravenous broad-â•‰spectrum treatment to oral prophylaxis to be safe where evidence of infection 
was lacking, even when patients remained neutropenic [13–â•‰15].

The ECIL-â•‰4 guideline on empiric antibacterial therapy for febrile neutropenic patients supports 
such a strategy, suggesting that for stable patients who are afebrile for more than 48 hours and 
have no microbiological or clinical documentation of infection the treatment duration should be 
limited to 72 hours [16].

A further study supports the safety and efficacy of de-â•‰escalating from broad-â•‰spectrum to nar-
row targeted therapy in microbiologically confirmed infection, as guided by antimicrobial sus-
ceptibility testing [11]

Pharmacokinetics/â•‰pharmacodynamics
Optimization of pharmacokinetics/â•‰pharmacodynamics is crucially important in patients with 
malfunctioning immune systems and those whose pathogens have only borderline antibiotic sus-
ceptibility [17]. Detailed information on how to optimize therapy is given in Chapter 9.

Drug interactions and co-â•‰morbidities
Formulary review of antimicrobial agents taking into account their efficacy, adverse effects, and 
costs as well as patients’ common co-â•‰morbidities, for example renal impairment and bone marrow 
suppression, should go in parallel with the development of institutional clinical guidelines. Highly 
active antiretroviral therapy (HAART) and immunosuppressants are associated with significant 
drug–â•‰drug interactions—â•‰multidisciplinary stewardship efforts can reduce medication errors in 
these patient groups with pharmacists playing a major role [5,18].

Fungi and viruses
While AMS usually refers to antibiotics, in immunosuppressed patients AMS should also include 
antifungal and antiviral therapies. Antifungal stewardship is discussed in Chapter 16. Consensus 
guidelines on the management of opportunistic viral infections are lacking, which makes antiviral 
stewardship a challenging and neglected field at present.

Conclusions
Caring for immunocompromised patients is challenging, and infection is a major cause of mor-
bidity and mortality. There is a need for AMS as it can have a positive impact on limiting the 
prevalence of infections with multidrug-â•‰resistant organisms. Collaboration with local experts and 
the use of early diagnostic testing are both essential for a successful ASP.
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Chapter 12

Antimicrobial stewardship in  
the intensive care setting

Jonathan Ball

Introduction to antimicrobial stewardship in the  
intensive care setting
The principles and interventions of antimicrobial stewardship (AMS) hold true for, and are espe-
cially important in, critically ill patients.

Critically ill patients are those with acute, severe, and potentially life-â•‰threatening organ dysfunc-
tion and/â•‰or failure. Placing such patients in specialist ward areas evolved slowly as a consequence 
of the development of continuous physiological monitoring and organ supportive therapies, both 
mechanical and pharmacological, during the 1950s and 1960s. The successful delivery of care to 
the critically ill involves a large, specialist, multidisciplinary team including doctors, nurses, allied 
healthcare professions, and supporting services.

Intensive care units
Commonly referred to as intensive or critical care units (ICUs) such wards vary significantly in 
terms of:
	◆	 size
	◆	 patient population:  neonatal, paediatric, adult, mixed; general/â•‰mixed verses organ-â•‰specific/â•‰

specialist, e.g. cardiac, cardiothoracic, neurology/â•‰neurosurgery, liver, burns
	◆	 physical environment: old verses new; open plan verses single rooms; co-â•‰location with other 

ward environments
	◆	 delivery of care models: open versus closed; 1:1 verses team nursing; etc.
In short, there is considerable heterogeneity between units.

Regardless of these differences, all ICUs frequently care for patients with life-â•‰threatening infec-
tions and thus harbour reservoirs of pathogenic microorganisms. Furthermore, as a direct conse-
quence of their critical illness/â•‰injury, ICU patients commonly have a significant degree of acutely 
acquired, innate, and adaptive immune system dysfunction. Added to this, they have often lost 
normal barrier defences and are immobile and dysglycaemic with tissue/â•‰organ hypoperfusion. 
Thus, critically ill patients have an increased susceptibility to colonization and infection with com-
mon, atypical, and even opportunistic pathogens. As a consequence, the use of broad-â•‰spectrum 
antimicrobials, as both empiric and targeted therapy, is common, creating a selection pressure 
within both the patient and the environment. Viewed as a microbiology experiment, ICUs create 
an ideal environment for the selection, amplification, and dissemination of resistant organisms. 
Accordingly, there are obvious benefits from AMS, both to optimize effective care and as a com-
ponent of infection control policy within ICUs.
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In order to discuss the components of AMS in the ICU, in the following sections we shall con-
sider two broad clinical scenarios.

Primary acute severe infection causing critical illness
Infections cause critical illness by inducing severe isolated organ dysfunction, a secondary mul-
tiple organ dysfunction (sepsis) syndrome, or both. The most common causative organisms are 
bacteria. Common primary sites include the lower respiratory tract, the urinary tract, the bilary 
tract, the peritoneum, skin/â•‰soft tissues, and the meninges. The PIRO model (Predisposition, 
Infection, Response, Organ dysfunction) [1]â•„ is a helpful conceptual tool:
	◆	 predisposition of the patient: extremes of age, acute co-â•‰morbidities, chronic diseases/â•‰therapies, 

genetics
	◆	 infection: virulence factors in the causative organism
	◆	 response: measurable physiological and biochemical makers that correlate with the severity of 

illness
	◆	 organ dysfunction: the degree of individual organ dysfunction, which may be entirely acute or 

acute on chronic.
Patients may acquire such infections either spontaneously in the community or as a complica-

tion of an acute illness or surgery. The epidemiology of such infections has been well described. 
They are very common and associated with both a high risk of mortality and long-â•‰term morbid-
ity in survivors. Early recognition of sepsis is important, because the earlier effective systemic 
antibiotics are administered (and, where applicable, source control can be achieved) the better 
the outcome. The realization of the burden of these diseases and the proven efficacy of time-â•‰
critical interventions has resulted in national and international campaigns to raise awareness, 
create early recognition tools, and promote best practice/â•‰evidenced-â•‰based timely interventions 
[2,3]. However, these efforts are hampered by two distinct problems. First, there can be signifi-
cant difficulty in confirming the specific diagnosis, most especially identifying the causative 
organism and its susceptibility to specific antibiotics. The second problem relates to on-â•‰going 
controversies about the value and timing of specific interventions. Current consensus dictates 
the following: in the setting of an acute severe illness, in which an infective aetiology is a rea-
sonable probability, blood and any other appropriate and easily accessible bodily fluid/â•‰tissue 
should be obtained for microbiological laboratory investigations followed by administration of 
a broad-â•‰spectrum, empiric, systemic antibiotic. These actions should be prioritized over all but 
immediate life-â•‰saving interventions. As such, they should occur before a patient is admitted to 
an ICU.

In terms of antibiotic stewardship the clinical imperatives of not wanting to miss the possibility 
of a serious infection and the time-â•‰critical administration of broad-â•‰spectrum systemic antibiotics 
present significant challenges.

Successful strategies that can be employed to optimize the initiation of antibiotic therapy are:
	◆	 The use of these clinical imperatives to ensure/â•‰persuade that senior clinicians are involved in 

refining the diagnosis and prioritizing the care of such patients, at the earliest opportunity. This 
should include, where indicated, timely referral to the ICU. Make expert advice from medical 
infection specialists readily available and encourage this dialogue.

	◆	 Conduct regular local campaigns regarding the value of, and the best techniques for obtaining, 
microbiology specimens. Include feedback on recent cases, preferably known to, or relevant to, 
the team.
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	◆	 Link the acquisition of microbiology specimens with the prescription and administration of 
empiric antibiotics and with clinical documentation.

	◆	 Create, publicize, and police a local empiric antibiotic guideline that covers all common clini-
cal scenarios. Embed details of the guideline into all local induction processes.

	◆	 Subject the guideline to regular audit and periodic (annual) review, both of which present a 
useful opportunity to re-​publicize the guideline.

	◆	 The periodic review should consider any changes in the spectrum of pathogens or patterns of 
antibiotic resistance. This obviously requires the routine collection and analysis of longitudinal 
data specific to the unit/​area/​hospital to which the guideline applies. The review should be 
conducted as a collaboration between frontline clinicians, medical infection specialists, and 
specialist pharmacists. A  mechanism should exist to facilitate a change to the guideline in 
response to the sudden emergence of a new pathogen or antibiotic resistance pattern outside 
of the planned periodic review.

Secondary acute severe infection complicating  
a critical illness
As mentioned in the Introduction, critically ill patients are very vulnerable to the acquisition 
of secondary infections. Common clinical scenarios are detailed in Table 12.1. As with primary 
infections, these can cause both local and systemic problems. These infections can be very chal-
lenging to diagnose as all of the non-​specific clinical and laboratory signs of sepsis, pyrexia, tachy-
cardia, increasing total white blood cell count, neutrophil count, and C-​reactive protein (CRP) 
often have more probable, non-​infective explanations. These might include the development of 
a new, or progression of an existing, inflammatory pathology or recent surgery. To complicate 
matters further, secondary infections are more likely than primary infections to be due to resist-
ant bacteria, environmental pathogens, fungi, or viruses. Accordingly, though the basic tenets 
of culture and timely administration of empiric therapy still stand, the more complex clinical 
circumstances need to be taken into account.

Differences in approach include:
	◆	 Patients are often already receiving, or have recently completed, courses of prophylactic or 

therapeutic antibiotics. This may adversely affect the isolation of active pathogens.
	◆	 There is increasing evidence that the pharmacokinetics of antimicrobials are significantly altered 

in many critically ill patients. This may result is enhanced clearance such that treatment failures 
occur. As therapeutic drug monitoring is only routinely available for a tiny minority of agents, 
empiric dosing schedules for specific agents based upon individual patient circumstances are 
required. Unavoidably, this adds substantially to the complexity of empiric guidelines [4]‌.

	◆	 Blood cultures taken from indwelling lines may yield false positive results, thus a peripheral 
sample should always be taken. The value of simultaneous cultures from lines is debated.

	◆	 As regards source control, whether or not a vascular access device should be removed and/​
or replaced before the diagnosis of catheter-​related bloodstream infection is confirmed may 
require careful consideration of the pros and cons.

	◆	 Imaging can be invaluable in refining the differential diagnosis, but repeated whole-​body CT 
scans conducted as ‘fishing expeditions’ for occult infection carry a heavy burden in terms of 
exposure to ionizing radiation.

	◆	 By necessity, empiric therapy needs to be broader and is likely to include two or more agents.

 



Secondary acute severe infection complicating a critical illness 97

Table 12.1  Common secondary acute severe infections complicating a critical illness

Organ system Common clinical 
scenarios

Specific predisposing 
factors

Specific 
preventative 
and reactive 
interventions

Controversies

Respiratory Hypostatic 
pneumonia

Ventilator-​
associated 
infection—​a 
broad spectrum 
encompassing 
respiratory tract 
colonization, 
tracheobronchitis, 
and pneumonia

Immobility and  
recumbent positioning

Altered level of 
consciousness ±  
sedative medication

Instrumented 
upper airway

Positive pressure 
ventilation

Impaired mucocillary 
escalator and cough

Altered airway 
surface liquid

Lung atelectasis

Oropharyngeal 
colonization and 
mircoaspiration

Gastric acid suppression

Regular 
repositioning

Minimize 
sedation and 
ensure at least 
daily cessation

Active weaning 
programme 
including de-​
escalation to less 
invasive support

Optimize airway 
hydration

Routine oral 
hygiene regime

Value of 
maintaining 
minimum 30º  
head-​up position

Optimal sedation 
strategies

Optimal weaning 
strategies

Optimal method of 
airway hydration

Value of specialist 
airway tubes—​
including subglottic 
suction ports

Value of selective 
oral and upper 
gastrointestinal tract 
decontamination

Cardiovascular Catheter-​related 
bloodstream 
infections

Infective 
endocarditis

The need for  
intravascular catheters  
for invasive monitoring 
and delivery of care

Aseptic insertion 
and avoidance of 
the femoral site

Aseptic handling

Dedicated 
lumens for 
parenteral 
nutrition

Daily review of 
ongoing need 
with removal 
at the earliest 
opportunity

Specialist coatings 
for catheters

Regular periodic 
change

Gastrointestinal 
tract

Antibiotic-​
associated 
diarrhoea

Clostridium 
difficile colitis

Acalculus 
cholecystitis 
and ascending 
cholangitis

Broad-​spectrum  
antibiotic therapy

Gastric acid  
suppression

Cholestasis

Antibiotic 
stewardship

Early institution 
of enteral 
feeding

Probiotics

Recolonization 
strategies

(continued)
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AMS in these circumstances is especially challenging and a variety of successful strategies should 
be considered [3,5].

Daily infection rounds should be conducted, comprising senior frontline clinicians (intensive 
care medicine specialists and ideally any and all other specialists involved in the patient’s care), 
medical infection specialists, and specialist pharmacists. These can be embedded into the unit’s 
daily rounds or occur separately. The value of making the intensive care medicine specialist the final 
arbiter of diagnosis and decision to start or switch antimicrobial therapy is arguably best practice, 
and it is important that they weigh up competing advice and priorities from the differing teams.

Specialists in intensive care should adopt working patterns that maximize the continuity of 
care for intensive care patients. Typically this involves duty periods of a week. Making one of the 
team of intensive care specialists responsible for the oversight of AMS is valuable. Having medical 
infection specialists and pharmacists dedicated to individual units has obvious benefits.

For antimicrobials whose efficacy is time dependent, routine administration should entail a 
loading dose followed by continuous infusion. A high-​dose, minimum-​duration strategy should 
be employed.

After ‘48 hours’, negative cultures, taken in the context of the patient’s clinical trajectory/​respon-
sive to empiric antimicrobial therapy, should result in active consideration of the cessation of the 
antimicrobial. Positive cultures should result in the re-​evaluation of any and all source control inter-
ventions, such as removal of potentially colonized devices, and narrowing the spectrum of therapy.

Organ system Common clinical 
scenarios

Specific predisposing 
factors

Specific 
preventative 
and reactive 
interventions

Controversies

Renal Urinary catheter-​
related infection—​
a spectrum 
encompassing 
colonization, local 
symptoms, and 
sepsis

The need to manage 
urinary drainage in 
patients unable to 
manage this task for 
themselves

Diarrhoea—​multifactorial, 
most commonly functional

Aseptic insertion

Aseptic handling

Daily review of 
ongoing need 
with removal 
at the earliest 
opportunity

Interpretation of 
urine specimens 
obtained from an 
indwelling catheter

Central nervous 
system

Ventriculitis The clinical need for 
external ventricular 
drainage

Prophylactic 
intrathecal 
antibiotics

Value and safety of 
prophylaxis?

Skin and soft 
tissues

Surgical site/​
wound infection

Dysglycaemia

Use of vasopressors

Tissue oedema

Body cavities Sinusitis
Empyema

Spontaneous 
bacterial 
peritonitis

Nasal tubes and artificial 
airways

Positive pressure 
ventilatory support and 
positive cumulative fluid 
balance

Acute, or acute on 
chronic, liver injury

Table 12.1  Continued
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Clinical response parameters should be set for stopping therapy. These should include both 
clinical resolution and serial inflammatory markers. Of these, CRP is probably the best of the 
readily available markers. One threshold identified as a potential stopping criterion is a CRP level 
of less than 50% of the peak level. Given the known lag in the kinetics of CRP, this probably rep-
resents an ‘extra 24 hours’ of antimicrobial therapy. Procalcitonin-â•‰based strategies are discussed 
in Chapter 17.

A concise weekly report of all positive cultures of patients admitted to an ICU should be sent to 
all senior clinicians. This should alert them to any emerging patterns that might influence clinical 
decisions or highlight a potential failure of routine infection control practices.

Interventions such as antimicrobial guidelines, education, and computer decision support tools 
are discussed elsewhere in this book.

The screening of ICU patients for the carriage of commonly occurring resistant bacteria is 
commonly practised but is of uncertain benefit. The value of regular screening of high-â•‰risk areas 
within the ICU is also controversial. However, if it identifies a reservoir of potential pathogens 
remedial interventions can be undertaken. A periodic or persistent problem may require changes 
to second-â•‰ or even firstline empiric therapy [6]â•„.

Even with the use of rapid diagnostics there is an inevitable delay in identifying carriers. Thus 
the only safe and sustainable solution is the routine use of a universal precautions approach to 
infection control. Some units have included in their approach the provision of single-â•‰room-â•‰
only ICUs, all of which have individually controllable airflow and HEPA filtration. However, the 
additional costs of construction and running such a unit are significant. Furthermore, there is a 
growing body of evidence that single-â•‰room-â•‰only designs result in a significant reduction in the 
overall quality of care delivered. Finally, there are many examples of open plan units with consist-
ently zero levels of cross-â•‰infection between patients, thus demonstrating the lack of efficacy of the 
single-â•‰room-â•‰only approach.

If the hospital population as a whole or a specific, easily identifiable group has a significant level 
of asymptomatic colonization of a resistant organism then this must be accounted for in empiric 
antibiotic guidelines. If the screening programme reveals a sudden cluster of colonized and/â•‰or 
infected patients then remedial interventions can be considered, including enhanced environ-
mental cleaning, review of adherence to infection control practices, and consideration of the pros 
and cons of moving patients into a more stringent isolated environment.
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Chapter 13

Surgical prophylaxis

Tamsin Oswald, Simon Jameson, and Mike Reed

Introduction to surgical prophylaxis
Infections that occur in the wound created by an invasive surgical procedure are generally referred 
to as surgical site infections (SSIs). SSIs are one of the most important causes of healthcare-â•‰
associated infections (HCAIs). A prevalence survey reported that SSIs account for 14% of HCAIs, 
and nearly 5% of patients who had undergone a surgical procedure were found to have developed 
a SSI [1]â•„.

SSIs are associated with considerable morbidity, and it has been reported that over a third of 
post-â•‰operative deaths are related to one SSI [2]â•„. The survival rate of an infected joint replacement 
is 87.3% at 5 years [3]. A SSI can double the length of hospital stay, thereby increasing healthcare 
costs. Additional costs attributable to SSIs of between £814 and £100 000 have been reported 
depending on the type of surgery and the severity of the infection [4–â•‰6].

SSI is multifactorial involving patient, surgical, and environmental factors. Although this chap-
ter will focus on the use of antibiotics for prophylaxis there are many key interventions to reduce 
infections for patients undergoing surgery, and thus the subsequent need for treatment with anti-
biotics. These interventions include:  optimization of diabetes, reducing obesity and smoking, 
meticulous surgical site preparation, patient warming, theatre design, personnel clothing, oxygen 
therapy, goal-â•‰directed fluid therapy, and avoidance of blood transfusion [7–â•‰9]. Introducing SSI 
surveillance has been shown to significantly reduce infection rates and save healthcare costs [10]. 
The surveillance teams collect accurate and credible data, which should be used to drive proactive 
change through feedback of results. In the UK, one NHS Trust found it reduced infection rates by 
about a third [11].

Antibiotic prophylaxis is a well-â•‰established method for minimizing the risk of SSI, although 
it is sometimes used inappropriately. In 2011, the English National Point Prevalence Survey on 
Healthcare-â•‰associated Infections and Antimicrobial Use showed that 13% of patients were on an 
antimicrobial for surgical prophylaxis, and of these 30% were administered for longer than 24 
hours [12].

In this chapter we discuss optimization of this prophylaxis and provide examples of successful 
quality improvement programmes (QIPs) that have overcome the challenges.

Common principles of antibiotic prophylaxis
Prophylactic administration of antibiotics inhibits the growth of contaminating bacteria and their 
adherence to prosthetic implants, thus reducing the risk of infection:

The goals of prophylactic administration of antibiotics to surgical patients are to:

◆	 Reduce the incidence of SSI
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◆	 Use antibiotics in a manner that is supported by evidence of effectiveness

◆	 Minimise the effect of antibiotics on the patient’s normal microbial flora

◆	 Minimise adverse effects

◆	 Cause minimal change to the patient’s host defenses [13].

However, there are risks associated with prophylaxis and there is a delicate balance between 
reducing the risk of SSI and reducing the risk of adverse effects of antibiotics:

The final decision regarding the benefits and risks of prophylaxis for an individual patient will 
depend on:

◆	 Patient’s risk of SSI

◆	 Potential severity of the consequences of SSI

◆	 Effectiveness of prophylaxis for the procedure

◆	 Consequences of prophylaxis for that patient e.g. increased risk of Clostridium difficile infec-
tion (CDI) [13].

Adverse events association with prophylaxis
Prophylaxis has the potential to cause many different adverse effects:
	◆	 allergy, the most serious manifestation being anaphylaxis
	◆	 side effects
	◆	 drug interactions
	◆	 effects on the patient’s normal flora, possibly resulting in antibiotic-â•‰associated diarrhoea 

(including Clostridium difficile infection) or thrush
	◆	 development of resistance in the individual and the development and spread of resistance in 

the wider community.

Optimizing prophylaxis
The ‘right drug, right dose, right time, right duration, right patient’ mantra should be adopted 
(Table 13.1).

Local antibiotic stewardship teams have the experience and knowledge required to write spe-
cific guidelines based on an assessment of evidence, local information about resistance, and drug 
costs. However, guidelines should be written in conjunction with surgeons to encourage owner-
ship of the guidance within the surgical team and thus improve compliance. It is also helpful to 
include anaesthetists in the creation and dissemination of the guidelines as they usually adminis-
ter the antibiotic and may be responsible for prescribing.

Non-â•‰systemic antimicrobials may also be used to reduce SSI. Examples of this include topi-
cal decolonization of Staphylococcus aureus, antibiotic-â•‰impregnated bone cement and collagen 
sponges, and eye drops in ophthalmological surgery.

Quality improvement programmes and aids to prescribing

Examples of national quality improvement programmes
The Scottish Antimicrobial Prescribing Group (SAPG) have a well-â•‰established QIP that has 
successfully developed and embedded clinical antimicrobial management teams (AMTs) within 

 

 

 

 



Table 13.1  Principles of surgical prophylaxis

Right drug The antibiotic used must:

◆	 be active against the most likely contaminating pathogens

◆	 be the safest option available

◆	 be the most cost-​effective option available

◆	 take into account local resistance patterns and trends as well as the patient’s own 
colonizing flora, e.g. meticillin-​resistant Staphylococcus aureus (MRSA)

◆	 be the narrowest spectrum required to reduce impact on microbial flora and local 
resistance

◆	 avoid cephalosporins, clindamycin, quinolones, and co-​amoxiclav whenever 
possible to reduce the risks of Clostridium difficile infection (CDI)

◆	 use appropriate alternatives for patients with penicillin/​β-​lactam allergy

◆	 usually be given intravenously as absorption rates cannot be guaranteed following 
oral administration

Right dose This is generally the same as the therapeutic dose and should provide adequate 
serum and tissue levels during the period of contamination. Dose adjustments may be 
required for:

◆	 age

◆	 body mass index or weight

◆	 renal and liver function

Right time The dose should be administered within the 60 minutes prior to surgical incision 
or tourniquet inflation to enable blood levels to exceed the minimum inhibitory 
concentration (MIC) of the target contaminating organisms from the start of the 
surgical procedure and throughout its duration. However, administration may be 
required to start up to 90–​120 minutes prior to incision in the case of agents that 
have long infusion times, such as vancomycin

Right duration Prophylaxis should be administered for the shortest effective period to minimize costs 
and risks:

◆	 a single dose is effective in most cases

◆	 up to 24 hours of prophylaxis may be warranted for certain procedures (e.g. 
primary arthroplasty) and for up to 48 hours for open heart surgery

◆	 a repeat dose may be required for procedures lasting longer than the half-​life of the 
antibiotic administered or for major intra-​operative blood loss (>1500 ml in adults), 
in which case an additional dose should be considered after fluid replacement

◆	 a treatment course of antibiotics may also need to be given (in addition to 
appropriate prophylaxis) in cases of dirty surgery or infected wounds

Right patient Antimicrobial prophylaxis should be considered for surgical procedures associated with 
a high rate of infection and in some clean procedures where the consequences of 
infection are severe (e.g. prosthetic implants), even if infection is highly unlikely.

Antibiotic prophylaxis should be given before:

◆	 clean surgery involving the placement of a prosthesis or implant

◆	 clean–​contaminated surgery

◆	 contaminated surgery

Antibiotic prophylaxis should not be given routinely for clean, non-​prosthetic 
uncomplicated surgery

Source: data from Scottish Intercollegiate Guidelines Network (SIGN), Antibiotic prophylaxis in surgery, SIGN publication 
no. 104, Edinburgh, UK, Copyright © 2008 SIGN; and Mertz et al., ‘Does duration of perioperative antibiotic prophylaxis 
matter in cardiac surgery? A systematic review and meta-​analysis,’ Annals of Surgery, Volume 254, Issue 1, pp. 48–​54, 
Copyright © 2011 Lippincott Williams.
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NHS boards. These specialist teams are the key support for clinicians in primary and secondary 
care to encourage prudent prescribing. The formation of a clinical network of AMTs has been 
instrumental in providing SAPG with ‘real world’ feedback relating to antimicrobial issues. 
Their primary objective is to coordinate and deliver a national framework for antimicrobial 
stewardship to enhance the quality of antimicrobial prescribing and management. It strongly 
endorses adherence to the Scottish Intercollegiate Guideline Network (SIGN) guidelines, and 
one of its current quality improvement areas is surgical prophylaxis [14], the target indica-
tor being ‘duration of surgical antibiotic prophylaxis is <24 hours and compliant with local 
Antimicrobial Prescribing Policy’ (target ≥95%) [15]. Surgical prophylaxis data were collected 
from 8 of 14 NHS boards for elective procedures in colorectal surgery (approximately 5600 
elective procedures between April 2011 and June 2014). A case was ‘compliant’ if a given single 
dose of surgical antibiotic prophylaxis complied with the local surgical antibiotic prophylaxis 
policy:  98% received a single dose of antibiotics, and antibiotic choice complied with local 
policy in 92% of cases.

In 2003 the Surgical Care Improvement Project (SCIP) was created in North America. This is a 
national quality partnership of organizations committed to improving the safety of surgical care 
through the reduction of post-â•‰operative complications by developing a set of compliance meas-
ures [16–â•‰18]:
	◆	 SCIP-â•‰Inf-â•‰1: patients who received prophylactic antibiotics within 1 hour prior to surgical inci-

sion (2 hours if receiving vancomycin)
	◆	 SCIP-â•‰Inf-â•‰2: patients who received prophylactic antibiotics recommended for their specific sur-

gical procedure
	◆	 SCIP-â•‰Inf-â•‰3:  patients whose prophylactic antibiotics were discontinued within 24 hours 

after the end of surgery (48 hours for coronary artery bypass graft surgery or other cardiac 
surgery).

Cataife et  al. [19] demonstrated that hospital groups with higher compliance rates had sig-
nificantly lower SSI rates for two SCIP measures:  antibiotic timing and appropriate antibiotic 
selection. For a hospital group with median characteristics, a 10% improvement in the measure 
‘provision of antibiotic 1 hour before intervention’ led to a 5.3% decrease in SSI rates (P < 0.05). 
The analysis supports a clinically and statistically meaningful relationship between adherence to 
two SCIP measures and SSI rates, supporting the validity of the two publicly available HCAI 
metrics.

Examples of specific or local QIPs
At the Royal Devon and Exeter NHS Foundation Trust a monthly league table, ‘The Champions 
League’, was used to provide timely feedback on adherence to the Trust’s surgical prophylaxis 
policy. The audit was performed by pharmacists and was displayed publicly each month. At the 
beginning, 53.5% of antibiotic courses had an indication documented and 53.5% had a review/â•‰
stop date documented. Six months later, after two published league tables, 94.7% of antibiotic 
courses had the indication documented and 84.2% had the review/â•‰stop date documented. The use 
of one simple intervention led to a great improvement in prescribing habits [20].

Conclusion
Surgical prophylaxis reduces the risk of SSI-â•‰associated morbidity and mortality and associated 
costs in certain surgical and patient groups. However, the principles for prescribing surgical 
prophylaxis must be followed to reduce the risks of adverse events. To overcome the barriers to 
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successful stewardship in this key area, organizations must have adequate surgical prophylaxis 
guidelines and policies, incorporating e-​prescribing and new technologies, robust surveillance 
of SSIs, frequent audit with timely and effective feedback, and regular awareness and education 
programmes.
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Chapter 14

Antimicrobial stewardship 
in paediatrics

Sanjay Patel and Julia Bielicki

Introduction to antimicrobial stewardship in paediatrics
The paediatric perspective, that children are not just small adults, holds true for antimicrobial 
stewardship. Children pose unique challenges in terms of the aetiology of their infections, the 
non-â•‰specific nature of their infective presentations, the difficulty in obtaining adequate microbio-
logical specimens, and the relative paucity of evidence on which to base decisions about treatment 
regimens in terms of choice of antimicrobial, dose, and duration.

The aetiology of infection in children
The majority of infective presentations to primary care physicians are for cough, coryzal symp-
toms, earache, sore throat, and gastroenteritis. Although the aetiology of these pathologies is 
often not accurately known, numerous pragmatic trials have shown that the administration 
of antibiotics makes little or no difference to the speed at which symptoms resolve [1,2]. In 
addition, the introduction of novel conjugate vaccines to the UK immunization schedule 
(Hib in 1992, meningococcal C in 1999, pneumococcal 7-â•‰valent in 2006, and pneumococcal  
13-â•‰valent in 2010) has resulted in a marked reduction in the rate of invasive bacterial infection 
in children [3]â•„.

The selection of empiric regimens is based on the need to provide sufficient coverage. 
Children without chronic co-â•‰morbidities would not be expected to be colonized with resistant 
organisms such as meticillin-â•‰resistant Staphylococcus aureus (MRSA), vancomycin-â•‰resistant 
enterococcus (VRE), or carbapenem-â•‰resistant Enterobacteriaceae (CRE). However, in many 
cases the colonization status of hospitalized children is unknown. Resistance patterns of inva-
sive isolates differ between children and adults, and the implications of this for empiric treat-
ment are at present unclear, adding to the challenges of optimizing antibiotic treatment in this 
patient group.

Overall, therefore, making decisions about whether to commence and stop antibiotics in chil-
dren is often challenging (see Box 14.1).

Patterns of prescribing in children
Antibiotic prescribing patterns for children differ markedly between primary and secondary 
care. While in the former setting antibiotics are overwhelmingly used for minor infections, inpa-
tient antibiotic prescribing disproportionately targets children with often multiple and complex 
co-â•‰morbidities.
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Primary care
Over the past 20 years, numerous national strategies have been implemented in an attempt to 
reduce the rate of antibiotic prescribing in primary care. Nevertheless, prescribing rates for com-
mon self-â•‰limiting pathologies such as sore throat, cough, and otitis media remain unchanged 
at about 50–â•‰60%, with marked variation between prescribers [5]â•„. One of the challenges for 
prescribers is to distinguish between viral and bacterial infections. Clinicians are concerned 
that failure to treat a bacterial infection will result in severe infection or suppurative complica-
tions. However, data suggest that hundreds of patients need to be treated with antibiotics to 
avoid one serious complication following tonsillitis, otitis media, or an upper respiratory tract 
infection [6].

Secondary care
The Antibiotic Resistance and Prescribing in European Children (ARPEC) project provides the 
largest dataset on antibiotic prescribing in hospitalized children [7]â•„. Subgroup analysis of UK 
hospitals showed that approximately 20% of children admitted to secondary care facilities are 
commenced on antibiotics, compared with 30% in tertiary centres. Along with children admit-
ted to the paediatric intensive care unit (PICU) and haemato-â•‰oncology units, children with 
co-â•‰morbidities are most likely to be receiving antibiotics. Third-â•‰generation cephalosporins and 
broad-â•‰spectrum penicillins (amoxicillin/â•‰clavulanate) are the most commonly prescribed anti-
biotics, with low levels of carbapenems being prescribed. The most common indications for 
antibiotic prescribing are lower respiratory tract infections, followed by medical prophylaxis. 
Variability in prescribing rates between hospitals is striking and unlikely to be explained by dif-
ferences in case mix alone [8].

Challenges in changing paediatric antimicrobial prescribing
In addition to the diagnostic challenges, there is a paucity of high-â•‰quality evidence on which to 
base decisions about antimicrobial prescribing in children in terms of the choice of empiric anti-
biotic, use of combination therapy, the total duration of treatment, and the timing of the intra-
venous to oral switch. This goes some way to explaining the large variability in prescribing habits 
between paediatric practitioners when treating a presumed bacterial infection.

Box 14.1â•‡ Challenges in paediatric antibiotic prescribing—â•‰
access to timely antibiotic therapy versus excessive use

◆	 Severe childhood infection often presents with non-â•‰specific symptoms and signs, espe-
cially in infants and neonates

◆	 Young infants (<3 months of age) are at considerably higher risk of invasive infection due 
to early and late-â•‰onset sepsis

◆	 Commonly used point of care/â•‰rapid tests such as C-â•‰reactive protein may lack sensitivity in 
young children [4]â•„

◆	 Confirming a microbiological diagnosis is often difficult. Obtaining adequate blood vol-
umes can be challenging and young children are unable to expectorate sputum

Source: data from Van den Bruel A et al. 2011 [4].
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Special populations

Children with underlying co-â•‰morbidities
Children with underlying co-â•‰morbidities, for example haemato-â•‰oncology patients or children 
with cystic fibrosis, can present unique challenges in terms of antimicrobial stewardship:
	◆	 These children are often vulnerable hosts in terms of impaired immunity and indwelling 

intravenous catheters. For this reason, empiric antimicrobial prescribing is likely to reflect a 
broader range of pathologies and pathogens. In addition, the potential for rapid deterioration 
often results in a lower threshold for commencing antibiotics.

	◆	 Approaches to antibiotic prescribing may be dictated by regional or national protocols.
	◆	 Children with co-â•‰morbidities are more likely to be colonized with resistant microorganisms. 

This often results in empiric treatment with broader-â•‰spectrum antibiotics.

Neonatal intensive care
The provision of neonatal intensive care has improved the survival of extremely premature and 
low-â•‰birthweight babies. However, prolonged neonatal intensive care unit (NICU) admission cou-
pled with the relative immunodeficiency of premature neonates is associated with a high risk of 
invasive bacterial infection. Unsurprisingly therefore, NICU patients receive antibiotics at a much 
higher rate than the rate of confirmed infections. Exposure to broad-â•‰spectrum antibiotics has 
been found to be a risk factor for necrotizing enterocolitis and invasive candidaemia.

Hospital-â•‰acquired infections
Importantly, a European point prevalence survey of hospital-â•‰acquired infections (HAIs) found 
that bloodstream infections account for a particularly high proportion of paediatric HAIs com-
pared with all other medical specialities, including intensive care [9]â•„. This is likely to drive pre-
scribing of broader-â•‰spectrum agents, and underlines the importance of clear, locally valid, and 
tailored empiric treatment recommendations as well as the key role of infection control as part of 
optimal paediatric antibiotic management [10].

Practical challenges in optimizing antibiotic management
The key personnel required to implement a successful hospital paediatric antimicrobial steward-
ship programme (PASP) include a paediatric infectious diseases consultant, a medical micro-
biologist, and a clinical pharmacist. In addition, close alignment with an infection prevention 
service is desirable. Unlike tertiary hospitals, most local hospitals are unlikely to have all of the 
listed key personnel.

There are also practical challenges in prescribing oral antibiotics for children. The choice of 
oral antibiotic should account for factors that can potentially affect adherence such as dosing fre-
quency and the highly variable palatability/â•‰taste of formulations. Palatable oral drugs in a sensible 
regimen (up to three times a day) should be used whenever possible. Issues such as the need for 
dosing in the middle of the night to achieve optimal antibiotic pharmacokinetic/â•‰pharmacody-
namic targets must be weighed against regimens that will maximize adherence.

Potential impact of a paediatric antimicrobial  
stewardship programme
As with studies conducted in adult patient populations, there is considerable evidence to support 
the introduction of PASPs (see Box 14.2).
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One of the main challenges in paediatrics is to quantify the impact of a PASP on antibiotic pre-
scribing. The most commonly used measure of adult prescribing is change in total defined daily 
dose (DDD; the assumed average maintenance dose per day for a drug used for its main indica-
tion in adults). Weight-â•‰based antibiotic dosing in children makes the interpretation of change in 
total DDD difficult and virtually precludes comparisons between hospitals for benchmarking. At 
present there is no standardized measure of antibiotic prescribing in children.

Strategies for successful implementation of a paediatric 
antimicrobial stewardship programme
If a PASP is to be successfully introduced, funding to employ the key personnel required for ser-
vice delivery and buy-â•‰in from paediatric clinicians is essential.

Obtaining funding

	◆	 The potential impact of the planned PASP in terms of process measures (reduction in antibi-
otic prescribing), outcome measures (improved patient outcomes and reduced resistance), and 
economic measures (cost saving) must be demonstrated to hospital management.

	◆	 Focusing on high-â•‰use antibiotics in hospitals, such as third-â•‰generation cephalosporins, and 
common pathologies in the community, such as respiratory tract infections, is likely to have a 
far greater impact on antimicrobial prescribing than focusing on antibiotics that are currently 
rarely used, such as carbapenems.

	◆	 Harnessing existing structures for antimicrobial stewardship, such as an ‘adult’ medical micro-
biologist with additional specialist paediatric input, may enable hospitals to reduce costs by 
making use of efficiencies of scale.

Achieving buy-â•‰in from paediatric clinicians

	◆	 The identification of ‘low-â•‰hanging fruit’ is key—â•‰early successes are likely to result in early 
engagement from colleagues and management.

	◆	 Be seen to be promoting facilitation of improved antibiotic prescribing rather than restrict-
ing overall prescribing. Engaging in activities to improve processes such as the time taken to 
administer antibiotics in children with febrile neutropenia is likely to result in a better under-
standing that certain restrictive activities have the same purpose.

Box 14.2â•‡ Impact of paediatric antimicrobial stewardship 
programmes

◆	 Early detection of antimicrobial prescription errors [11]
◆	 Reduced antimicrobial use and reduction in the evolution of resistance [12]
◆	 Reduction in broad-â•‰spectrum antibiotic use [13]
◆	 Significant cost savings [13]
◆	 Positive impact on prescribing behaviour of clinicians

Source: data from Di Pentima MC et al. 2009 [10]; Di Pentima MC et al. 2011 [11]; and Metjian TA et al. 2008 [12].
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	◆	 Identify local champions within various clinical areas. They can help bridge the gap between 
the PASP team and their colleagues.

	◆	 Feeding back data that demonstrate the impact of PASP interventions is likely to achieve con-
tinued buy-â•‰in from clinicians.

Children—â•‰the take home message
Promoting and monitoring the judicious use of antimicrobials in children poses unique chal-
lenges. Confirming a microbiological diagnosis can be difficult, and there is often a paucity of evi-
dence informing decision making about antimicrobial prescribing. In addition, there is currently 
no standardized measure of antibiotic prescribing in children. Different antimicrobial steward-
ship strategies tailored to neonates and children are required in primary and secondary/â•‰tertiary 
care settings.
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Chapter 15

Stewardship in the primary care  
and long-â•‰term care settings

Naomi Fleming

Introduction to stewardship in the primary care and  
long-â•‰term care settings
Antibiotic prescribing in the community accounts for 80% of all antibiotic prescribing; approxi-
mately 75% of this is for acute respiratory tract infections (RTIs), many of which are viral [1]â•„. 
The majority of this prescribing is in primary care; however, other settings include urgent care, 
community health services, community-â•‰based outpatient parenteral antibiotic therapy (OPAT) 
services, offender care settings, and long-â•‰term care facilities (LTCF).

Pharmacists are employed in many community settings, but there are few dedicated antimicro-
bial pharmacists in the community, with stewardship being an addition to rather than the focus of 
their role. A survey of primary care trusts (PCTs) showed that 23% (of the 108 which responded) 
had a substantive primary care antimicrobial prescribing adviser [2]â•„.

This chapter will focus on primary care and LTCF identifying stewardship activities and chal-
lenges within these settings along with practical examples.

Primary care
There is wide variation between general practices in antibiotic prescribing rates that cannot be 
explained by differences in the epidemiology of infections, populations, or case mix [3]â•„. There is 
no single intervention that will be successful in all practices, and multifaceted interventions along 
with addressing local barriers to change are the most effective types. Their effectiveness is often 
dependent on the prescribing behaviours, experiences, and local challenges seen in a particular 
practice or an individual general practitioner (GP) [4,5]. The TARGET toolkit (for ‘treat antibiot-
ics responsibly, guidelines, education, tools’), takes a multifaceted approach and contains many 
antimicrobial stewardship (AMS) resources for use in primary care, including guidelines, audit 
tools, and patient information [6].

Components of AMS programmes

Guidelines
There is limited access to microbiological laboratories in primary care, therefore initial prescrib-
ing is empiric. The majority of organisms causing infections in the community are predictable, 
for example Escherichia coli urinary tract infections (UTIs). National empiric guidelines tar-
geting these organisms are issued by Public Health England (PHE) for use in the primary care 
setting [7]â•„. These guidelines are updated regularly with changes in resistance patterns and new 
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evidence. They encourage prescribers to use narrow-â•‰spectrum antibiotics and describe key 
components of AMS. A survey showed 90 out of 108 responding PCTs used these guidelines to 
develop their local guidance [2]. There are also national and locally developed condition-â•‰specific 
guidelines with details on diagnostic criteria and factors that may influence antibiotic choice, for 
example National Institute for Health and Care Excellence (NICE) guidelines on the diagnosis of 
community-â•‰acquired and hospital-â•‰acquired pneumonia (CAP and HAP, respectively) [8].

Educational strategies
Educational strategies including lectures, meetings at practices, written materials, and e-â•‰learning 
packages have shown varied success. The Stemming the Tide of Antibiotic Resistance (STAR) 
educational programme included a practice-â•‰based seminar reflecting on the practice’s own dis-
pensing and resistance data, online educational elements, and practising consulting skills in rou-
tine care; it was found that its use in GP practices led to a 4.2% reduction in total oral antibiotic 
dispensing, with no significant change in admissions to hospital, re-â•‰consultations, or costs [3]â•„.

Delayed prescribing
A prescription is written by the GP but the patient is encouraged only to fulfil it if they are not 
better within a set time frame or have deteriorated. The prescription may be given to the patient at 
the initial consultation with advice, or may be kept at the surgery so that the patient has to collect 
it before getting it dispensed. The NICE clinical guideline ‘Respiratory tract infections—â•‰antibiotic 
prescribing: prescribing of antibiotics for self-â•‰limiting respiratory tract infections in adults and 
children in primary care’ [9]â•„ advocates the use of a delayed prescribing strategy. Studies on sore 
throat have shown that if the collection of the prescription is delayed for 72 hours, collection 
is reduced by 69% and future consultations for sore throats also fall [10]. A  Cochrane review 
[11] of delayed antibiotic prescribing in all acute RTIs, showed that delayed prescribing signifi-
cantly reduced antibiotic use compared with immediate prescribing (32% versus 93%), but a no-â•‰
prescribing strategy resulted in the least antibiotic use (14%). Patient satisfaction was slightly 
reduced in the delayed group, similar to the no-â•‰antibiotic group. Clinical outcomes, adverse 
effects, complications, and re-â•‰consultation rates showed little difference. The authors concluded 
that in patients with RTIs for whom clinicians feel it is safe not to prescribe antibiotics immedi-
ately, no antibiotics with advice to return if symptoms do not resolve is likely to result in the least 
antibiotic use, while maintaining similar patient satisfaction and clinical outcomes to delayed 
antibiotics.

Point of care testing
Laboratory results such as white cell counts and C-â•‰reactive protein (CRP) are not currently rou-
tinely available in primary care at consultation. A study by Cals et al. [12] showed that a com-
bination of communication skills training and CRP point of care testing in lower RTIs safely 
reduced antibiotic prescribing without reducing satisfaction with care. Point of care CRP testing 
is recommended in NICE clinical guideline 191 [8]â•„ for people presenting to primary care with a 
lower RTI if a diagnosis of pneumonia has not been made and it is not clear whether antibiotics 
should be prescribed. Immediate, delayed, or no prescribing strategies for antibiotics are guided 
by the result.

Audit and feedback
Practice can be compared with guidelines to show how practice is inconsistent with a target, 
for example a target for cephalosporin prescribing, or to compare practices or prescribers, for 
example peer comparisons of prescribing data. Antimicrobial consumption data are often used, 
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although condition-â•‰specific audits can be undertaken, for example the sore throat audit tool from 
TARGET [6]â•„. A Cochrane review of the effects on professional practice and healthcare outcomes 
across all types of prescribing and behaviours [13] showed that this approach leads to small but 
potentially important improvements.

Quality improvement targets
Quality improvement initiatives such as quality outcome frameworks (QOF), quality, innovation, 
productivity, and prevention (QIPP) comparators, and local prescribing incentive schemes can be 
used to influence antibiotic prescribing. QOF rewards practices for the provision of quality care. 
QIPP comparators aim to support prescribers to review the appropriateness of current prescrib-
ing, revise prescribing, and monitor implementation. They highlight variation and support local 
decisions regarding QIPP and local prescribing incentive schemes [14].

National QIPP comparators include the following:
	◆	 3 days trimethoprim average daily quantity (ADQ)/â•‰item
	◆	 minocycline ADQ/â•‰1000 patients
	◆	 antibacterial items/â•‰STAR PU (specific therapeutic group age–â•‰sex weightings-â•‰related 

prescribing units)
	◆	 cephalosporins—â•‰per cent of total antibiotic items
	◆	 quinolones—â•‰per cent of total antibiotic items
	◆	 co-â•‰amoxiclav, cephalosporins, and quinolones—â•‰combined per cent of total antibiotic items
Nationally, cephalosporin prescribing in primary care has approximately halved and quinolone 
prescribing has reduced by around 38% across England since April 2007 (see Box 15.1) [15].

Patient-â•‰targeted interventions
Patent-â•‰targeted interventions include shared decision making, provision of written information, 
public education events, and national campaigns such as the antibiotic guardian campaign, part 
of the 2014 European Antibiotics Awareness Day. The EQUIP study [17] demonstrated that an 
in-â•‰consultation booklet completed with parents safely reduced antibiotic prescribing for children.

Box 15.1â•‡ Practical points

To address the variation in prescribing volume seen between Milton Keynes Clinical 
Commissioning Group (CCG) and national average antibiotic prescribing volumes, a man-
datory QOF target was developed based on a locally adapted antimicrobial self-â•‰assessment 
toolkit [16]. It included sections on guidelines, education, delayed prescribing, audit, patient 
advice, and implementation of local feedback reports. This target ran from April 2012 to March 
2014. The aim of the first year was to develop an action plan so that in second year the practice 
would achieve 18/â•‰20, i.e. 90%. The variation in antibiotic prescribing volume (MKCCG versus 
national) fell from 121 items per STAR-â•‰PU to 107 in the first year and to 67 in the second year, 
a reduction in variation of 47% (Figure 15.1).

A prescribing incentive scheme target for co-â•‰amoxiclav of <5% of total antibiotic prescrib-
ing over the same period reduced the CCG’s average co-â•‰amoxiclav prescribing by 19% in the 
first year and a further 7% in the second year, compared with national prescribing which rose 
3% in the first year and then fell 3% in the second year (Figure 15.2).
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Challenges
One of the main challenges for improving antibiotic prescribing is patient demand [18]. Patients 
who do not have knowledge about the harms of antibiotic prescribing and antibiotic resistance 
are more likely to demand antibiotics or re-â•‰consult at the practice or urgent care setting. Patients 
may also complain and leave the practice if they feel strongly, leading to a loss of business for the 
practice and potentially adversely affecting the NHS outcome framework measures on patient 
experience. Prescriber perception of patient demand is inaccurate. A study by Macfarlane et al. 
in 1997 [19] showed that prescribers overestimate patient demand. Patients actually want symp-
tomatic relief and an explanation of their illness—â•‰a patient information leaflet (PIL) reduced re-â•‰
consultation for further illness, whether or not an antibiotic was given [20].

There is a perceived increase in workload at the initial consultation if time is taken to explain 
why antibiotics are not being given and then a presumed re-â•‰consultation; however, the evidence 
shows that by educating patients and not prescribing antibiotics, re-â•‰consultation rates actually fall.

GPs have many targets and are reluctant to make any changes that may adversely affect these 
targets, some of which can be interpreted to compete with the AMS agenda—â•‰for example targets 
to reduce admissions to secondary care and consultations at urgent care services. Reducing pre-
mature mortality from respiratory disease and preventing lower RTIs in children from becoming 
serious are part of the NHS outcomes framework [21].

There are also important competing clinical issues such as care of the elderly, long-â•‰term condi-
tions, and mental health, and it is difficult for one topic to retain the clinical focus of GPs.

GPs have limited access to diagnostic tools and prescribe antibiotics empirically in response 
to symptoms. There is concern about missing a bacterial infection that leads to a poor patient 
outcome or litigation. This, combined with the lack of seeing the adverse events, such as antibiotic 
resistance or Clostridium difficile, in the majority of their patients leads to GPs being overly cau-
tious and prescribing antibiotics inappropriately.

Long-â•‰term care facilities
There are limited published data on AMS in LTCF with most evidence coming from overseas. 
A recent systematic review reported that 47–â•‰79% of nursing home residents in the USA received 
systemic antimicrobials each year [22]. Older people have a high incidence of infection due to 
underlying co-â•‰morbidities, the use of invasive devices, and lowered immunity; they are suscep-
tible to infection due to transmission of infection within their environment and are frequently 
colonized with multiresistant organisms [23,24]. However, up to three-â•‰quarters of antibiotic pre-
scriptions for residents are reported to be inappropriate [25]. Prescribing is initiated to mange 
symptoms, often reported on the telephone by staff [26], or for non-â•‰specific clinical alterations 
attributed to infection when evidence to confirm infection is not present [27,28].

AMS strategies
There are no standard approaches to AMS across LTCF, but several studies have been described in 
a recent review [24]. One report from the USA described an AMS team of an infectious diseases 
physician and a nurse practitioner who visited weekly and were available for telephone advice. 
Ninety-â•‰five per cent of their recommendations were followed and total antimicrobial use was 
reduced by 30%. There was also a reduction in positive C. difficile tests. One trial in Canada includ-
ing eight LTCFs involved posting a prescribing guide and individual prescribing profile to physi-
cians in the intervention group at initiation and at month four. There was significant improvement 
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in antimicrobial prescribing reported for the intervention group during the 3 months following 
the second information delivery.

Some of the reports in the review concerned interventions targeted at specific infections; these 
had varied success, with the studies targeting pneumonia reporting no impact on antimicrobial 
use for this indication. Studies addressing UTIs were reported to be effective, showing a decrease 
in the number of days prescribed for a suspected UTI, reductions in the proportion of inappro-
priate urine specimens sent for culture, and a reduction in episodes of treatment of asymptomatic 
bacteriuria. A study to address widespread use of long-â•‰term prophylaxis for UTIs also reduced use 
from 13% in 2005 to 6% in 2008 [24].

Challenges
There is difficulty in assessing elderly patients who may not show the same symptoms as younger 
patients, and there is often diagnostic uncertainty due to a lack of microbiological testing.

GPs may prescribe without visiting the patient, relying on staff to relay information and symp-
toms. Staff who contact prescribers about their residents have a range of medical knowledge. 
Nursing homes employ nurses, but care homes employ staff with no medical qualifications, English 
may not be their first language, and personal beliefs may play a part in their decision making.

There is a desire to treat residents before they become seriously unwell and need admitting to 
hospital and there is pressure from the patient’s family to do all that is possible for their relative.

Overview
AMS in LTCF is not well defined and is an area that needs development. Studies have shown that 
improvements in antimicrobial use can be achieved in this setting, but more research in the UK 
is necessary.
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Chapter 16

Antifungal stewardship

Laura Whitney and Tihana Bicanic

Introduction to antifungal stewardship
The aims of antifungal stewardship (AFS) are broadly similar to those of antibiotic stewardship, 
namely to reduce inappropriate use and improve patient outcomes while reducing the evolution 
and spread of microbial resistance. Nevertheless, there are several key differences (Table 16.1). It 
should also be noted that limiting the use of antibacterials through antibiotic stewardship also 
contributes to AFS by reducing one driver of Candida infections.

Background
Due to the rarity of invasive fungal infection (IFI) and the lower incidence of resistance relative 
to bacteria, AFS has received comparably less attention than antibiotic stewardship and thus has 
a more limited evidence base [1]‌. However, AFS is gaining momentum as increasing populations 
are placed at risk of IFI and healthcare services become more cost-​conscious. Moreover, fungal 
resistance has been described in several contexts [2–​5], with selection pressure driven by the over-
use of antifungals playing a key role in its emergence, leading to ineffective treatment, morbidity 
and mortality, and excess healthcare costs [6–​8]. Cost is a major driver for AFS as antifungals are 

Table 16.1  Differences between antifungal and antibiotic stewardship

Antibacterial stewardship Antifungal stewardship

Setting Primary and secondary care Mainly secondary care

Specialities involved All specialities Fewer specialities: haemato-​oncology, 
organ transplantation, critical care, 
gastrointestinal surgery, respiratory

Indication Mainly treatment or single-​dose 
prophylaxis

Prolonged prophylaxis and treatment

Availability and cost Many drugs, cost £–​££s Fewer drugs, expensive ££–​£££

Resistance Increasing multidrug resistance Mono-​resistance: multidrug resistance 
only a clinical issue in Candida glabrata 
to date

Pharmacokinetics Less complex—​few interactions Complex—​many interactions and 
contraindications, therapeutic drug 
monitoring indicated (azoles)

UK funding stream In tariff Payment by results exempt
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significantly more expensive than the most commonly used antibiotics (Figure 16.1), therefore an 
AFS programme can be highly cost-â•‰effective.

Several key issues contribute to the overuse of antifungals and must be addressed by AFS:
	◆	 Inadequate knowledge of prescribers about the management of IFI [9]â•„.
	◆	 Lack of (access to) rapid, sensitive, and specific fungal diagnostics to facilitate accurate and 

timely diagnosis, leading to excessive empiric prescribing.
	◆	 Vulnerability of high-â•‰risk patient groups with high mortality attributable to IFI [10–â•‰12], even 

with appropriate treatment, leading to reluctance to delay treatment.
	◆	 Difficult prescribing decisions due to the complexity of the evidence base supporting treat-

ment and prophylaxis, the need for individualized pharmacist input regarding drug interac-
tions, inter-â•‰ and intrapatient variations in pharmacokinetics/â•‰pharmacodynamics (PK/â•‰PD), 
and the need for therapeutic drug monitoring (TDM).

These issues inform the aims of and strategies for AFS and are detailed in Box 16.1. Key elements 
that differ from antibacterial stewardship are discussed in the rest of this chapter.

Post-â•‰prescription review with de-â•‰escalation
Balancing the need to give prompt effective therapy where appropriate, while avoiding the use of 
an antifungal when not indicated, remains the most challenging aspect of AFS. Delays in appro-
priate treatment are associated with increased mortality [13], but diagnostic difficulties and delays 
mean that a large proportion of antifungal use is empiric [10–â•‰14]. Therefore improving access to 
accurate diagnostics and timely specialist clinical review play a large part in stewardship.

De-â•‰escalation can be challenging as invasive mould infection may be diagnosed histologi-
cally, radiologically, or using biomarkers, meaning that susceptibility results are not always 
available to guide therapy. Even when microbiological susceptibility is confirmed there may 
be scope to improve de-â•‰escalation; studies of patients with candidaemia have shown that 
fewer than 40% of echinocandin-â•‰treated patients with fluconazole-â•‰susceptible isolates were 
de-â•‰escalated [14,15].
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Figure 16.1â•‡R elative costs (pounds sterling) of common antibiotics and antifungals.

Source: data from British Medical Association and the Royal Pharmaceutical Society, BNF, Copyright © BMJ Group and the 
Royal Pharmaceutical Society of Great Britain 2015, available from https://â•‰www.medicinescomplete.com/â•‰mc/â•‰bnf/â•‰current/â•‰
index.htm (accessed March 2015).
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Diagnostics
Restricting empiric antifungal use relies on improved diagnostics; therefore advances in 
biomarker-â•‰based and molecular diagnostics are likely to enhance AFS [1]â•„. Studies show a reduc-
tion in antifungal use associated with the adoption of a diagnostic-â•‰driven approach incorporat-
ing non-â•‰culture-â•‰based tests, such as galactomannan and Aspergillus polymerase chain reaction 
(PCR), along with radiology [16–â•‰19]. Harnessing the excellent negative predictive value of these 

Box 16.1â•‡ Aims and suggested components of an antifungal 
stewardship programme

Aims of AFS

◆	 To optimize care of patients with IFI
◆	 To stop unnecessary empiric treatment
◆	 To de-â•‰escalate antifungal therapy when appropriate
◆	 To ensure that TDM is performed when indicated and therapy is modified according to 

results
◆	 To reduce antifungal usage and expenditure, without compromising on clinical outcome 

or resistance rates

Suggested components of an AFS programme

◆	 Creation of a multidisciplinary AFS team (core members microbiology/â•‰infectious diseases 
specialist and a clinical pharmacist)

◆	 Restriction of antifungals
◆	 Post-â•‰prescription review with feedback including:

•	 cessation of unnecessary treatment
•	 de-â•‰escalation
•	 intravenous to oral switch
•	 optimizing non-â•‰drug treatment—â•‰source control, restoring immunity, or reducing 

immunosuppression
•	 optimizing drug usage—â•‰ensuring appropriate dosing taking into account PK/â•‰PD, 

interactions, TDM, hepatic/â•‰renal dysfunction, and managing and preventing adverse 
drug reactions

◆	 education
◆	 Optimizing access to and turn-â•‰around time of fungal diagnostics
◆	 Regular review of local fungal epidemiology including rates of resistance
◆	 Implementation of evidence-â•‰based guidelines/â•‰care pathways, adapted to the local setting
◆	 Processes to measure and monitor antifungal use and expenditure
◆	 Implementation of ‘gain share’ with commissioners to recoup cost savings for individual 

NHS Trusts (in the UK)
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tests to exclude invasive aspergillosis and curtail empiric prescribing [20] is an AFS strategy that 
has been associated with savings in expenditure on antifungals without increasing mortality [17].

For candidaemia, recently developed rapid diagnostic techniques such as peptide nucleic acid 
fluorescence in situ hybridization (PNA-â•‰FISH), multiplex PCR, and matrix-â•‰assisted laser desorp-
tion/â•‰ionization time-â•‰of-â•‰flight mass spectrometry (MALDI-â•‰TOF-â•‰MS), can aid the stewardship 
process by improving the accuracy and timeliness (minutes to hours rather than 1–â•‰2 days) of 
identification of Candida species from positive blood cultures, allowing earlier tailoring of empiric 
therapy [21–â•‰23] (see Chapter 10).

Timely access to radiological investigations and bronchoscopy is also a key part of AFS, not 
only to optimize prescribing decisions and clinical review, but also because the diagnostic utility 
of such tests is time dependent, with the characteristic radiological features of invasive aspergillo-
sis being transient [24]. The use of rapid diagnostics on bronchoalveolar lavage fluid in particular 
has been associated with improved inpatient outcomes [25].

In addition, optimizing diagnostics informs local antifungal guidelines through knowledge of 
local epidemiology.

Implementing an AFS programme—â•‰the evidence base
The published literature on AFS programmes is summarized in Table  16.2 [26–â•‰30]. Five key 
papers have been identified, detailing different stewardship strategies in different clinical settings.

At our own institution, data from the first 3  years (2010–â•‰13) of weekly AFS rounds have 
shown [31]:
	◆	 One-â•‰third of prescribing was empiric, of which the majority (82%) was unnecessary (just 3% 

of patients treated empirically had proven or probable infection)
	◆	 Significant sub-â•‰optimal management of IFIs and prophylactic prescribing (68% of reviews 

resulted in an intervention)
	◆	 Advice was well received by physicians (acceptance rate = 81%)
	◆	 Sustained reductions in antifungal consumption and expenditure can be achieved with lim-

ited resources (£100 000 year-â•‰on-â•‰year savings on drug acquisition costs, using 3 hours infec-
tious diseases consultant and pharmacist time per week), rendering the programme highly 
cost-â•‰effective

Our programme has been successfully replicated in another large teaching hospital, which showed 
similar scope for interventions [32].

Implementing an AFS programme—â•‰keys to success
The initial goals of an AFS programme should be modest, allowing demonstration of success in 
the short term [1]â•„. This can be achieved by targeting a few high-â•‰cost antifungal drugs, which are 
sub-â•‰optimally utilized, focusing on specialities with high antifungal usage (e.g. the intensive care 
unit or haematology) or using microbiological diagnosis to prompt clinical review (e.g. appropri-
ate de-â•‰escalation in invasive candidiasis).

Assertive persuasion is an essential communication skill for members of the team when devel-
oping an AFS programme. Attention should be paid to reviewing literature on the prevention and 
management of IFIs, updating local antifungal guidelines, evaluating on-â•‰site diagnostic capac-
ity and turn-â•‰around-â•‰time (microbiology, radiology, bronchoscopy), generating close working 
relationships with departments with high antifungal usage (to build confidence around advice 
acceptance, especially de-â•‰escalation), and ensuring accurate methods for identifying antifungal 
prescriptions for review.

 

 



Table 16.2  Summary of published reports of antifungal stewardship programmes

Study Setting AFS team AFS intervention 
employed

Additional 
strategies in 
place prior to 
intervention

Primary objective Outcome(s)

López-​Medrano 
et al. (2013) [28]

1300-​bed 
university 
hospital, 
Madrid, 
Spain

Infectious 
diseases and 
microbiology 
department

ID doctor spent 3 h every 
weekday reviewing all new 
AF prescriptions for  
L-​amphotericin, 
caspofungin, and 
voriconazole, those eligible 
for modification and all 
patients with positive 
fungal cultures

Non-​compulsory 
recommendations made 
verbally or in medical notes

Nil Reduction in 
antifungal expenditure

Interventions made for 29% of 662 
treatments reviewed:

◆	 15% IV–​oral switch

◆	 8% stop

◆	 6% switch to fluconazole

Advice acceptance 99%
Reduced caspofungin and IV voriconazole 
use by 31% and 20% respectively

Increased L-​amphotericin and oral 
voriconazole use by 14% and 8% respectively

Reduction in AF spend of 12%, saving 
US$370 682 over a 12-​month period
No significant change in local 
epidemiology

Apisarnthanarak 
et al (2010) [27]

350-​bed 
tertiary care 
hospital, 
Bangkok, 
Thailand

Two ID 
specialists, 
one clinical 
microbiologist, 
four pharmacists, 
two internists, 
a hospital 
epidemiologist, 
an infection 
control specialist, 
and a computer 
systems analyst

Invasive candidiasis only
Successive introduction of:

◆	 baseline audit of 
Candida species causing 
infection, AF prescribing 
and costs with feedback 
to prescribers

◆	AF  order forms

◆	 bedside case-​
management discussions 
by AFS team and 
attending physicians

Treatment and 
prophylaxis 
guidelines

To evaluate changes in 
AF prescribing, azole 
consumption, and 
incidence of infections 
caused by Candida 
albicans versus non-​
albicans species, and 
to estimate costs 
associated with the 
implementation of the 
AFS programme

59% reduction in AF prescriptions
Significant reduction in the frequency of 
azole prescriptions compared with pre-​
intervention period (251 versus 124 DDDs 
per 1000 patient-​days)

Significant reduction in fluconazole 
use (from 242 to 117 DDDs per 1000 
patient-​days)

Cost savings in AF use of US$31 615 over 
1.5 years

Reduced incidence of C. glabrata and 
C. krusei infections with increased 
incidence of C. albicans infection 
associated with changes in fluconazole use

◆	 educational tool for 
hepatic/​renal dose 
adjustments

◆	AF  prescription forms

◆	 monthly educational 
meetings

◆	 restriction of polyene, 
azole, and echinocandin 
drugs

Appropriate AF use increased from 
24% to 71%

No difference in crude mortality

Reed et al. 
(2014) [30]

1229-​bed 
teaching 
hospital, 
Ohio, USA

ID physicians, 
pharmacists, and 
microbiologists

Pharmacist notification 
by microbiology (during 
‘office hours’) when yeast 
consistent with Candida 
spp. identified on Gram 
stain from a positive blood 
culture

Pharmacist reviewed patient 
and recommended:

◆	AF  therapy if not already 
initiated

◆	ID  and ophthalmology 
consults

◆	CVC  removal, when 
appropriate

◆	 de-​escalation and IV–​PO 
switch once appropriate

Guidelines for 
pharmacological 
management of 
candidaemia

Notification of 
positive Candida 
blood culture to 
physician/​nurse 24 h/​
day, 7 days/​week

Evaluation of time to 
effective antifungal 
therapy before and 
after AFS programme

Significantly shorter median time from 
Gram stain result to effective AF therapy 
during ‘office hours’ (1.3 versus 13.5 h)

Significantly more patients (99% versus 
88%) received effective AF therapy

A trend towards longer durations of effective 
therapy, higher number of ID consults, and 
more echocardiograms obtained

Significantly more ophthalmology consults

Significantly more patients received 
fluconazole PO as a result of pharmacist 
interventions (35% versus 21%)

No significant change in LOS, infection-​
related LOS, total hospital costs, hospital 
costs during candidaemia, or in-​hospital 
mortality

No significant difference in Candida spp. 
isolated pre-​ and post-​intervention in both 
study periods
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Study Setting AFS team AFS intervention 
employed

Additional 
strategies in 
place prior to 
intervention

Primary objective Outcome(s)

Alfandari et al. 
(2014) [26]

Regional 
teaching 
hospital, 
Lille, France

ID specialists, 
haematologists

Twice weekly visits by ID 
specialist to haematology 
unit to discuss all patients 
with suspected infection

In non-​haematology settings 
patients were reviewed at 
the physician’s request

Treatment and 
prophylaxis 
guidelines

Not described 40% decrease in the number of antifungal 
DDDs per 1000 hospitalization days (from 
1100 DDD/​PD in 2003 to 600 DDD/​PD 
in 2011) in the haematology unit, with a 
smaller reduction elsewhere (400 to 300 
DDD/​PD)

Stable frequency of IFIs

Mondain et al. 
(2013) [29]

1800-​bed 
tertiary care 
hospital, 
Nice, France

ID, microbiology, 
pharmacy, 
and haemato-​
oncology 
specialists

Post-​prescription 
review by AFS team 
with non-​compulsory 
recommendations 
communicated to the 
physician in charge
Patients identified by 
prescription of high-​cost 
antifungals (echinocandins, 
lipid formulations 
of amphotericin B, 
posaconazole, and 
voriconazole)
or significant 
microbiological result

Onsite TDM and Aspergillus 
PCR introduced

Treatment and 
prophylaxis 
guidelines

Pharmacist prompt 
for IV to oral switch 
for fluconazole

On-​site diagnostics 
(GM antigen, CT, 
bronchoscopy)

Regular education 
and training.

Order forms for 
echinocandins, 
voriconazole, 
posaconazole, lipid-​
based amphotericin

Improving diagnosis 
and de-​escalation of 
therapy by advising all 
necessary mycological 
investigations

Recommendations made in 54% of 
reviews regarding:

◆	 diagnosis (33%)

◆	 serological investigations (41%)

◆	 performing a CT scan (18%)

◆	TD M (30%)

◆	 start therapy (4%)

◆	 stop therapy (15%)

◆	 switch therapy (30%)

Advice acceptance 88%
AF consumption and cost remained stable

ID, infectious diseases; AF, antifungal; IV, intravenous; DDD, defined daily dose; CVC, central venous catheter; LOS, length of stay; IFI, invasive fungal infection; TDM, therapeutic drug monitoring; 
PCR, polymerase chain reaction; GM, galactomannan; CT, computed tomography.

Source: data from Alfandari S et al. 2014 [26]; Apisarnthanarak A et al. 2010 [27]; López-​Medrano F et al. 2013 [28]; Mondain V et al. 2013 [29]; Reed EE et al. 2014 [30].

Table 16.2  Continued
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Given the scarcity of supporting literature, AFS programmes should be implemented hand-​
in-​hand with a strategy to demonstrate their performance. Parameters that should be prospect-
ively monitored include: interventions made by the stewardship team and their acceptance rates, 
patient outcomes, drug consumption and expenditure, as well as additional costs of AFS such as 
staff time and implementation of additional diagnostic tests.
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Chapter 17

Near-â•‰patient testing, infection 
biomarkers, and rapid diagnostics

Matthew Dryden

Introduction to near-â•‰patient testing, infection biomarkers, 
and rapid diagnostics
Antibiotic prescribing runs along a therapeutic knife-â•‰edge: withholding antibiotics could lead 
to worsening infection or death, while over-â•‰prescribing leads to resistance. There is huge vari-
ation in prescribing habits between nations, institutions, units, practices, and individual pre-
scribers, and this variance can rarely be attributed to differences in the incidence of infection 
or clinical presentation. It is rather associated with differences in culture, diagnostic facilities, 
medical training, economic factors, and attitudes to risk. Over-â•‰prescribing of antimicrobials 
is the selection pressure that leads to antibiotic resistance, and if this is combined with poor 
community public health and inadequate infection prevention in healthcare facilities, then 
resistant microbes proliferate as colonizers and then become pathogens. Resistance is now a 
global health hazard which, like a runaway juggernaut, is going to prove near impossible to 
control.

Microbiological diagnostics today would still seem very familiar to their nineteenth-â•‰century 
discoverers. A sample of infected tissue is collected and grown on agar plates and growth, if 
it occurs, takes a day or two or more. Then antibiotic sensitivity testing has to be carried out, 
which means that a meaningful result to guide antibiotic treatment may take from 1  day at 
best to more than 5 days. Treating a patient cannot wait for the result, and so where antibiotic 
prescribing is well controlled, carefully designed antibiotic guidelines offer the most appropri-
ate empiric antibiotic therapy. Where antibiotic prescribing is poorly controlled, anything goes. 
A solution to the whole issue would be to have rapid diagnostic tests, which in a short period 
of time could confirm the diagnosis and support prescribing or withholding antibiotics. Some 
such tests already exist.

An example of effective rapid diagnostics assisting antibiotic use is Chlamydia trachomatis 
infection. Infection of the genital tract with C. trachomatis is common and often asymptomatic. 
A  public health programme could decide to treat all those at risk in case they had the infec-
tion. This would lead to overuse of antibiotics. Instead, those at risk can take a urine sample to 
a diagnostic centre where a rapid polymerase chain reaction (PCR) test for C. trachomatis DNA 
is performed. If this test is positive the patient is treated with an antibiotic; if negative, antibiotic 
is withheld. This process is clear, simple, and without ambiguity. Medicine is rarely so straight-
forward, and in more complex clinical scenarios it is likely that rapid diagnosis will involve an 
algorithm of clinical signs and predictive diagnostic tests.
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What should rapid diagnostic tests detect?

Identification of the presence of bacterial infection
Establishing the presence of bacterial infection would be clinically useful to ensure that the patient 
receives appropriate antibiotics early, and it is important from the viewpoint of antimicrobial 
stewardship that patients without bacterial infection do not receive antibiotics. Biomarkers are 
helpful here. Rapid detection of a neutrophilia or raised C-â•‰reactive protein (CRP) has long been 
used to aid a diagnosis of infection and support antibiotic use. Procalcitonin (PCT) appears to 
be a more sensitive marker of bacterial infection. In a study which included medical and critical 
care patients with possible but doubtful infection, antibiotics were withheld if the bedside PCT 
was below the cut-â•‰off value. Patients who had antibiotics withheld did not develop infection or 
require antibiotics. Empiric antibiotic use was reduced by a half in this group [1]â•„. In a randomized 
open-â•‰label trial in an intensive care unit (ICU) the use of the PCT marker for starting and stop-
ping antibiotics significantly reduced antibiotic consumption without any change in mortality 
[2]. A meta-â•‰analysis of randomized clinical trials involving ICU patients with different diagnoses 
showed that the use of PCT levels appears to safely and significantly decrease antimicrobial use in 
the ICU and may also decrease the length of stay in the ICU [3]. A table of PCT values to guide 
starting and continuation of antibiotics is now widely used (see Table 17.1).

A novel technology called enzymatic template generation and amplification (ETGA) has been 
developed to detect live bacteria and fungi in normally sterile clinical specimens, such as blood. 
The technology has been shown to detect microorganisms by the activity of microbial enzymes 
(specifically, DNA polymerases) which can be measured by real-â•‰time PCR (qPCR) in a sim-
ple detection reaction that produces a measurable fluorescent signal. This technology has been 
assessed in a clinical environment and shown to give a high negative predictive value for a negative 
blood culture within hours of collection, theoretically allowing discontinuation of antibiotics [4]â•„.

Table 17.1â•‡ Guidelines for antibiotic management based on PCT (if collected early in illness, repeat 
test at 6–â•‰12 hours). Severe unequivocal sepsis is excluded

(a) Starting antibiotics

PCT concentration

<0.25 µg/â•‰L 0.25–â•‰0.5 0.5–â•‰1.0 µg/â•‰L >1.0 µg/â•‰L

Antibiotic strongly 
discouraged

Antibiotic 
discouraged

Antibiotic 
encouraged

Antibiotic strongly 
encouraged

(b) Stopping antibiotics

PCT concentration

<0.25 µg/â•‰L PCT decrease by 
>80% from peak OR 
0.25–â•‰0.5 µg/â•‰L

PCT decrease by 
<80% from peak 
AND >0.5 µg/â•‰L

PCT increase from peak 
AND >0.5 µg/â•‰L

Stopping antibiotic strongly 
encouraged

Stopping antibiotic 
encouraged

Continue antibiotic Review diagnosis and 
consider changing antibiotic

Adapted from The Lancet, Volume 375, Issue 9713, Lila Bouadma et al., ‘Use of procalcitonin to reduce patients’ exposure 
to antibiotics in intensive care units (PRORATA trial): a multicentre randomised controlled trial’, pp. 463–â•‰474, Copyright 
©2010 Elsevier Ltd, with permission from Elsevier, http://â•‰www.sciencedirect.com/â•‰science/â•‰journal/â•‰01406736; and Savitri 
Kibe et al., ‘Diagnostic and prognostic biomarkers of sepsis in critical care’, Journal of Antimicrobial Chemotherapy, 
Volume 66, Supplement 2, pp. ii33–â•‰ii40, Copyright © 2011 Oxford University Press, with permission from Oxford 
University Press. Source: data from Hampshire Hospitals NHS Foundation Trust Antibiotic Guidelines 2014, Copyright  
© Department of Microbiology for Basingstoke and North Hampshire Foundation Trust Hospital 2014.
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Other technology is proving useful during surgical procedures. Detection of α-â•‰defensin in joint 
fluid in native joints and in revision surgery can aid management decisions concerning antibiotic 
use and surgical requirements [5]â•„.

Most antibiotics are used in primary care. The use of biomarkers during the consultation to 
reduce antibiotic prescribing would have a major effect on consumption. CRP testing has been 
used in primary care to predict requirement for antibiotics, and this has been most successful in 
predicting requirement for antibiotics in respiratory infection [6]â•„. In primary care, there are chal-
lenges in fitting delivery of a near-â•‰patient test into a short consultation. New technologies deliver-
ing near-â•‰patient testing of other biomarkers (PCT and pro-â•‰adrenomedullin) require assessment 
in primary care.

The cause of the infection
There are a few effective tests that can diagnose at the bedside the identity of bacteria causing 
infection that can also support antimicrobial stewardship. Rapid antigen tests for Streptococcus 
Group A or PCR for meticillin-â•‰resistant Staphylococcus aureus (MRSA) colonization can influ-
ence antibiotic use but do not definitively identify the cause of infection. Rapid urinary antigen 
detection for pneumococcus or Legionella pneumophila can achieve rapid diagnosis. Malaria anti-
gen detection can be applied directly to a blood sample. Rapid PCR for Clostridium difficile infec-
tion or norovirus can assist timely management of infection control precautions and antibiotic 
management in hospitals.

Most other tests for early identification of the pathogen and early sensitivity testing require 
preliminary culture growth or a positive blood culture. There are several molecular techniques for 
the identification of specific pathogens once the sample (usually blood culture) signals positive 
growth [7]â•„. It has been estimated that the average time for a microbiology laboratory to deliver the 
result of an organism identification and susceptibility test is 40 hours. These techniques include 
PCR, multiplex PCR, nanoparticle probe technology (nucleic acid extraction and PCR amplifica-
tion), and peptide nucleic acid fluorescent in situ hybridization (PNA FISH). They allow rapid 
identification of certain specific pathogens and some resistance genes, for example mecA, within 
minutes to hours of culture positivity. However, the range of organisms identified depends on the 
test and is not universal. Matrix-â•‰assisted laser desorption/â•‰ionization time-â•‰of-â•‰flight mass spec-
trometry (MALDI-â•‰TOF) is an automated system that allows rapid identification of most organ-
isms from culture. The generated mass spectrum provides a profile or fingerprint of the organism 
that is compared with those of well-â•‰characterized organisms in a database. These rapid results can 
support an antimicrobial stewardship programme and aid early rationalization of prescribing.

Resolution
Biomarkers can identify when the patient has responded to treatment and no longer requires 
antibiotics. Serial PCT measurement has been used to establish the earliest point at which antimi-
crobials can be safely discontinued [8]â•„. A reduction in antibiotic duration could aid antimicrobial 
stewardship by reducing selection pressure on bacteria and possibly reduce rates of resistance. 
Antibiotic duration has been reduced without the requirement for biomarkers, but they remain 
useful in individual cases.

Prognosis
PCT has been used to predict prognosis. In a number of large studies in intensive care, a high 
maximum PCT and an increase in PCT value following the first reading >1.0 ng/â•‰mL were both 
independent predictors of 90-â•‰day mortality [8]â•„. The relative risk for mortality increased with 
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every day for which the PCT value continued to rise after the first reading >1.0 ng/â•‰mL. The clini-
cal use of biomarkers as a prognostic indicator is unclear as they are unlikely to affect day to day 
patient management or antibiotic management (Box 17.1).

Limitations
Rapid diagnostics are only useful if they are acted upon in a timely manner and are used to edu-
cate staff caring for the patient. They can rarely replace clinical judgement. Their use must be 
incorporated into a clear patient management plan. They should also be used in conjunction with 
careful clinical assessment and incorporated into management algorithms. Some tests can be too 
sensitive and identify the presence of pathogens that need not necessarily be causing disease.

Rapid diagnostic methods have huge potential as a multidisciplinary tool bringing together the 
clinician, diagnostician, pharmacist, hospital manager, and infection prevention personnel in the 
improved management of the patient in primary and secondary care. Although at present there 
is no substitute for clinical judgement, diagnostic technology is advancing at a rapid pace, and for 
the optimist diagnostic tools are the best hope for ensuring the optimal use of antibiotics in the 

Box 17.1â•‡ Technology available for achieving rapid diagnostics

	1.	 Molecular diagnosis to identify the pathogen in situ or once cultured: MALDI-â•‰TOF, 
PCR, multiplex PCR, nanoparticle probe technology, PNA FISH, automated optical 
systems such as VITEK

	2.	 Molecular diagnosis to determine antimicrobial susceptibility: PCR, multiplex PCR,  
nanoparticle probe technology, automated real-â•‰time PCR, VITEK

	3.	 Molecular diagnosis to determine the presence of bacterial infection: Momentum 
Cognitor ETGA

	4.	 Molecular diagnosis to determine the absence of bacterial infection: Momentum 
Cognitor ETGA

	5.	 Biomarkers to predict the presence of bacterial infection: PCT, CRP, pro-â•‰
adrenomedullin, α-â•‰defensin

	6.	 Biomarkers to predict the course of the infection: CRP, PCT, pro-â•‰adrenomedullin
	7.	 Metabolomics to predict the presence of infection: this is in its infancy for the detection 

of infection as opposed to the identification of cultured bacteria
Source: data from Hampshire Hospitals NHS Foundation Trust Antibiotic Guidelines 2014, Copyright © Department of 
Microbiology for Basingstoke and North Hampshire Foundation Trust Hospital 2014.

Box 17.2â•‡ Practical points

Molecular diagnostics and biomarkers can support antimicrobial stewardship:
◆	 in the requirement for antibiotics
◆	 in starting antibiotics
◆	 in the duration of antibiotics
◆	 in stopping antibiotics
◆	 in assessing prognosis
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future. Rapid diagnostics, including molecular methods and biomarkers, can play a real role in 
supporting antimicrobial stewardship by supporting clinical judgement on the requirement for, 
the commencement of, and the duration of treatment and the cessation of antibiotics (Box 17.2).
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Chapter 18

Antimicrobial stewardship in  
a resource-​poor setting

Marc Mendelson

Introduction to antimicrobial stewardship in a  
resource-​poor setting
Antimicrobial resistance hits low-​ and middle-​income countries (LMICs) hardest—​of the pro-
jected 10 million deaths per year from antimicrobial-​resistant infections that will occur by 2050 
the hammer blow will fall hardest on resource-​poor LMICs in Asia and Africa (Figure 18.1). The 
reason for this geographical variation is multifactorial, but the main influence is the significant 
burden of infection in LMICs, necessitating high levels of antimicrobial use. Indeed, in the last 
10 years, 75% of the 36% global increase in human antibiotic consumption has been driven by just 
five LMICs, Brazil, Russia, India, China, and South Africa (the BRICS nations) [1]‌. An inability 
to directly address the social determinants of disease predisposes populations in LMICs to infec-
tion; poor water and sanitation (diarrhoeal diseases), overcrowding [respiratory infections, such 
as pneumonia and tuberculosis (TB)], close co-​habitation with animals (zoonoses), and weakened 
immune systems through high levels of malnutrition due to poverty or to human immunodefi-
ciency virus (HIV) infection.

Coupled to the challenge of a high burden of infection is the lack of access to infection preven-
tion instruments such as vaccination and even simpler, cheap interventions such as soap for hand 
washing that could negate the need for antimicrobials in the first place.

Successful stewardship requires access to affordable, 
assured-​quality antimicrobials and the tools required 
to enable appropriate use
Currently, more children under the age of 5 years in LMICs die from pneumonia due to lack of 
access to antibiotic treatment than due to antibiotic resistance [2]‌. Furthermore, access to anti-
biotics depends on wealth; more children in the top quintiles of households (based on wealth) 
will receive antibiotics than those in the bottom quintiles [3]. A range of novel financing ini-
tiatives has been developed to try to increase access to affordable vaccines and antimicrobials 
in LMICs at country level, mainly targeting HIV, tuberculosis, and malaria [4]. Such funding 
mechanisms could be adapted to increase access for other antimicrobials, including antibiot-
ics. LMICs with weak health systems and poorly regulated medicines control bodies often fall 
prey to substandard and falsified antimicrobials, which drive resistance through sub-​optimal 
action [5].
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Major global initiatives to ensure appropriate prescribing for specific infections have reduced 
the risk of resistance, but they remain examples of vertical ‘siloed’ initiatives. The Global Fund-â•‰
led Affordable Medicines Facility—â•‰Malaria successfully negotiated price reductions for artemi-
sinin combination therapies [6]â•„ with the aim of reducing the use of artemisinin monotherapy, 
one driver of increasing artemisinin resistance in Southeast Asia. In 2014, a $60 million grant 
from UNITAID ensured accelerated uptake of two new antimycobacterials, bedaquiline and 
delamanid, in 17 countries, expanding access to newer, more effective treatments for multidrug-â•‰
resistant (MDR) TB [7]. The Green Light Committee initiative, a partnership founded in 2006 by 
the World Health Organization and the Stop TB Partnership and subsequently developed into a 
global framework, has provided financial and technical assistance to LMICs to support expansion 
of MDR TB services and care [8]. Lessons from such initiatives could be equally applicable to 
antibiotic access programmes.

Diagnostic uncertainty is a key driver of antibiotic overuse. Access to diagnostic tests, prefer-
ably rapid and point of care (POC) that can optimize antimicrobial management, is an essential 
stewardship tool for LMICs; the availability of a rapid diagnostic test for malaria led to a four-â•‰fold 
reduction in antimalarial use and a five-â•‰fold increase in appropriate antibiotic use [9]â•„. A  new 
POC urine liporarabinomanan strip test is particularly useful in the diagnosis of TB in HIV–â•‰TB 
co-â•‰infected patients with advanced immunosuppression [10]. When bacterial identification and 
information on resistance is combined, delay to appropriate antimicrobial use may be reduced. 
Xpert MTB/â•‰RIF (Cepheid, Sunnyvale, CA, USA), an automated, real-â•‰time nucleic acid amplifica-
tion system, detects rifampicin-â•‰resistant pulmonary [11] and extrapulmonary TB [12] within 2 
hours. However, the rollout of such technology in many LMICs and its high cost remains a con-
siderable challenge [13].

Weak health systems, limited human resources, and poor infrastructure in LMICs have 
necessitated novel community models of care that simplify management of infection and make 
prescribing uniform. Integrated community case management (iCCM), an equity-â•‰focused strat-
egy to improve access for children to essential services, has been highly successful at shifting 
prescribing from doctors to community health workers [14] and in increasing the appropriate-
ness of antimicrobial prescribing [15–â•‰17]. Similarly, integrated management of childhood ill-
ness (IMCI) and its adult counterpart, integrated management of adolescent and adult illness 
(IMAI), have empowered and trained healthcare workers (HCWs) and influenced appropriate 
prescribing [18].

Which antimicrobial stewardship interventions  
work in LMICs?
Two Cochrane database reviews detail the result of antimicrobial stewardship (AMS) interven-
tions at community [19] and hospital [20] level. Of the 39 outpatient interventions reported, only 
six were conducted in LMICs [19], with similarly low numbers represented in the hospital stud-
ies, none of which were conducted in Africa [20]. Hence, there are few data to guide us with 
regard to what works in LMICs, and much is extrapolated from studies in high-â•‰income settings. 
Generally, restrictive interventions such as removal of antimicrobials, compulsory prescription 
forms, expert approval, or specialist review and making change are more successful at reducing 
antimicrobial prescribing in the short term (the first 6 months), but are no better than persuasive 
interventions (educational materials and outreach, reminders, or audit and feedback) in the long 
term (12–â•‰24 months).

Non-â•‰prescription use of antimicrobials is associated with very short courses and inappropriate 
drug choice, and accounts for 19–â•‰100% of antimicrobial use in LMICs [21]. However, pharmacists 
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may be the major provider of antimicrobials where prescribers are scarce, such as rural areas. 
A  recent effort to restrict non-â•‰prescription over-â•‰the-â•‰counter (OTC) antibiotic sales has been 
undertaken in India as part of the Chennai Declaration (Box 18.1) [22,23].

This effort is not without many challenges, but in a country such as India, where all forms of 
antibiotics were available OTC, including ‘high-â•‰end’ injectable antibiotics, this ambitious project 
forms the first of a set of key stewardship interventions.

What does a successful antimicrobial resistance programme 
look like in LMICs?
India is joined by a number of LMICs that have started to put national antimicrobial resistance 
plans in place. Many common themes are recognized, particularly the standard approaches of 
improving surveillance and reporting, AMS, and infection prevention that form the bedrock of 
national interventions (Figure 18.2).

A national situational analysis as a first step to identify individual country challenges is of 
critical importance. In this regard the Global Antibiotic Resistance Partnership (GARP) has 
been a vital catalyst to many LMIC programmes; both the South African National Strategy 
Framework on AMR [25] and the Viet Nam Resistance Project (VINARES) [26] began with 
GARP-â•‰led situational analyses in the human and animal sectors. VINARES (Box 18.2) stands 
as an excellent example of how good multilevel governance can have a positive impact on a 
national AMR strategy.

Lessons from South Africa
As part of a situational analysis, it is important to understand the barriers that exist, including 
society-â•‰specific behaviours and competing health challenges, which may need to be addressed 
before an AMS programme can be implemented; HIV overwhelmed the South African health 
landscape for decades, and it was not until a comprehensive antiretroviral treatment programme 
was under way that the focus could move on to other threats.

Box 18.1â•‡ Restricting over-â•‰the-â•‰counter antibiotic sales 
in India—â•‰the Chennai Declaration

The Chennai Declaration was adopted following a joint meeting of the medical societies of 
India in 2012. It came as a response to a non-â•‰implementable national antibiotic policy 1 year 
previously that had called for all antibiotics to require a prescription. The Chennai Declaration 
covers a wide range of interventions to be implemented, yet control of OTC prescribing of 
antibiotics has been a major initial focus. Until publication and implementation of the declara-
tion, there was no restriction on OTC dispensing without prescription [24]. The declaration 
stated that India needs ‘an implementable antibiotic policy’ and not ‘a perfect policy’ [22]. 
With this in mind, the 5-â•‰year timeline for implementation of India’s OTC policy has included 
24 high-â•‰end antibiotics and antimycobacterials used for the treatment of TB for addition to 
the restricted list of medicines within the first year. A registry of these antibiotic sales is to be 
kept for 3 years. The 2-â•‰year and 5-â•‰year targets are 60% and 90% of antibiotics to be included in 
the restricted list, respectively [23].
Source: data from Ghafur A et al. 2012  [22]; Chennai Declaration Team 2014 [23]; and Rathnakar UP et al. 2012 [24].
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Successful AMR programmes rely on a multidisciplinary, coordinated group to champion 
change, a particular challenge for LMICs that lack infectious diseases specialists and microbi-
ologists. However, such is the burden of infection in most LMICs that non-​specialists are often 
equipped to play this role. The South African Antibiotic Stewardship Programme (SAASP) was 
formed to champion and drive change at the coalface and to partner the National Department 
of Health. SAASP was strategically positioned under the auspices of the Federation of 
Infectious Diseases Societies of Southern Africa, the national umbrella organization for infec-
tion societies, to access key role-​players in adult and paediatric infectious diseases, clinical 
microbiology, infection prevention and control, travel medicine, and sexually transmitted dis-
eases. A  multidisciplinary working group provides governance. Partnership with the South 

Box 18.2  The Viet Nam Resistance (VINARES) Project

Despite adequate legislation to tackle AMR in Viet Nam, a lack of resources to implement 
effective policy enforcement was identified, and led to the VINARES project, a public–​private 
partnership including international collaborators, to implement AMR containment strategies. 
Sixteen hospitals participated to address infection control, healthcare-​associated infections, 
antibiotic consumption, and microbiological surveillance and reporting. Information and 
quality control systems were added to support the work, including simple pharmacy data-
bases to define monthly antibiotic consumption and surveillance database software for the 
microbiology laboratories. The strength of the project is underpinned by its research focus 
in identifying areas for improvement before consultation and implementation, with a strong 
training component, and by its focus on capacity development to equip hospitals to deliver 
self-​sufficient antimicrobial stewardship long-​term.
Source: data from Chennai Declaration Team, ‘Chennai Declaration: 5-year plan to tackle the challenge of anti-microbial 
resistance’, Indian Journal of Medical Microbiology, Volume 32, Issue 3, pp. 221–8, Copyright © 2014.
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African Society of Clinical Pharmacy recognizes the pivotal role of pharmacists, a cadre of 
HCWs able to form the nucleus of a stewardship team. Other skill sets represented in SAASP 
include critical care specialists, surgeons, quality improvement specialists, and epidemiolo-
gists. South Africa is fortunate to have a strong group of veterinary infection experts, who 
complete the team.

Advocacy and engagement with national government were early objectives, and having briefed 
the minister of health, immediate action followed to develop a national working group, led by the 
director general of health. Leadership from the highest level is a vital component of any change 
programme, and South Africa’s success is a direct result of such leadership; all stakeholders signed 
the national AMR strategy framework commitments in 2014 (Figure 18.3). These have been rein-
forced by national core standards for AMS and infection prevention overseen by the Office of 
Health Standards Compliance. Each hospital will be required to have an antibiotic stewardship 
committee and team(s).

The importance of international collaboration for resource-​poor countries is a valuable lesson. 
The surveillance and reporting structures of both Viet Nam and South Africa have benefitted 
from international collaboration on data processing and integration, and are set to benefit further 
from AMR work streams within the Global Health Security Agenda [27].

For South Africa, collaboration with the Center for Disease Dynamics and Economic Policy 
has led to the production of an AMR map, which will help inform appropriate empiric national 
prescribing choice.

Stewardship programmes are now widespread across public and private institutions in many 
provinces, concentrating on ‘low-​hanging fruit’ interventions [28]. The success of such pro-
grammes in individual institutions is an important motivator for change elsewhere, and the 
importance of feedback at national conferences and the publication of results cannot be over-
stated. The development of specific tools to facilitate appropriate prescribing is a useful inter-
vention; in South Africa, an open access antibiotic prescription chart, which also enables audit 
and research, has been developed [29]. Rolling out stewardship to under-​resourced provinces 
is a challenge and one that is being addressed by developing national centres for AMS to ‘train 
the trainer’. Furthermore work is ongoing with the Health Professions Council of South Africa 
towards an antibiotic prescribing ‘licence’ that will involve a web-​based course and examination 
that all prescribers must undergo and be re-​validated biennially.

Infection prevention, re-​aligning the curriculum of school learners, medical, and paramedi-
cal students, continuing professional development for doctors, nurses, and ancillary HCW, and 
finally development of public awareness campaigns need to be country-​specific and take into 
account social and behavioural norms, but their messages and content are not unique to South 
Africa.

Antimicrobial stewardship in resource-​poor 
settings: where next?
AMS programmes in LMICs need to be context specific and their format will be influenced by 
many factors, including level of expertise, human resources, infrastructure, and competing health 
and economic interests. Performance of a situational analysis allows identification of important 
areas of focus and where opportunities for collaboration to strengthen efforts may be needed. 
Measurement is vital to appraise interventions and to indicate where further resources are 
required. The WHO Global Action Plan [30] provides guidance on the essential components of a 
national strategy, and is a useful starting point for any LMIC.

 



Figure 18.3  South Africa’s National Strategy Framework Commitments.

Reproduced courtesy of the South Africa National Department of Health.
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