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Access to effective antibiotic therapy is essential to modern medicine. Not only are antibi-
otics lifesaving for the treatment of many infections, but they also provide the means for
preventing and treating life-threatening complications among the growing numbers of
patients receiving chemotherapy and stem cell and solid organ transplantation, thus making
those therapeutic advances possible. However, antibiotic resistance has developed with each
new drug introduced to the market. Although we know the development of resistance is
almost certain with exposure to any antibiotic, inappropriate and/or unnecessary antibiotic
use is accelerating the process. Realizing antibiotic resistance threatens the achievements of
modern medicine, infectious diseases (ID) physicians, pharmacists, and public health
officials have warned of the consequences of inappropriate antibiotic use for decades and
advocated for preservation of these lifesaving drugs. Halting unnecessary antibiotic use has
undoubtedly become one of the leading public health concerns of our time.

An estimated 50% of antibiotic use is inappropriate and/or unnecessary.[1-3] These
estimates span inpatient and outpatient settings, various types of providers, and various
indications or diagnoses, highlighting the breadth of the problem. Rates of antibiotic
resistance have risen dramatically over the last 30 years. In 2013, the Centers for Disease
Control and Prevention (CDC) estimated that 2 million people are infected annually in the
United States with antibiotic-resistant bacteria, with at least 23,000 resultant deaths.[4]
Additionally, roughly 453,000 people contract Clostridium difficile infections (CDIs) annu-
ally in the United States with nearly 30,000 deaths attributable to this single bacterium. CDI
is frequently directly related to antibiotic use.[5]

Antibiotic stewardship programs (ASPs) date back to the 1970s and encompass multi-
disciplinary efforts to optimize antibiotic use.[6-8] Evidence has shown that effective ASPs
not only reduce inappropriate antibiotic use but also improve patient safety and clinical
outcomes.[9] Thus, ASPs have expanded across various healthcare settings in an effort to
optimize antibiotic use and minimize adverse events and emergence of antibiotic resistance.
This chapter focuses mostly on antibiotic stewardship efforts in the United States, although
a brief discussion of global strategies is also addressed.

Numerous societies and public health officials have advocated for the expansion of antibi-
otic stewardship efforts across healthcare. In response to antibiotic overuse, evidence support-
ing the role of ASPs, and the critical threat antibiotic resistance poses to public health, they have
called for mandatory implementation of stewardship through legislative and regulatory mech-
anisms.[10] These efforts culminated with the release of President Obama’s National Strategy
for Combating Antibiotic-Resistant Bacteria in September 2014, which outlines a framework for
implementation of stewardship across the healthcare continuum, improved surveillance of
antibiotic use, and national goals for reductions in inappropriate prescribing.[11] These
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national goals lend new urgency to efforts to implement antibiotic stewardship strategies across
healthcare settings and to develop standardized measures for appropriate antibiotic use.

Our goal in this chapter is to highlight the issues surrounding misuse of antibiotics that
underscore the importance and need for ASPs, review evidence supporting the role of ASPs
in improving patient care and safety, discuss policy initiatives and the evolution of antibi-
otic stewardship efforts to date, and underline next steps in preserving the precious shared
resource of antibiotics.

Rationale for Antibiotic Stewardship Programs

The Scope of the Problem
Hospitals

Antibiotics are among the most frequently prescribed medications. Systematic surveys of
inpatients at Boston City Hospital as far back as the 1960s found nearly 30% of patients
received antibiotics during their hospitalization, with almost 10% receiving more than one
antibiotic.[12, 13] Similar rates of antibiotic use have been reported in a variety of inpatient
settings including acute care hospitals based in the community and tertiary care settings,
[12, 14] as well as long-term care facilities (LTCFs).[15] Using data from a national
administrative database of billing records for patients from a large sample of US hospitals,
investigators from the CDC estimated 56% of patients discharged from 323 hospitals in
2010 received an antibiotic during their hospitalization.[3] These rates of antibiotic use
have been reported among various patient populations, with the highest prescribing rates
often among pediatric and surgical services.[14, 15]

More recent estimates of inpatient antibiotic consumption in the United States come
from single or multicenter point-prevalence surveys. Although limited by lack of nationally
representative samples and varying sources of data (e.g., pharmacy purchasing data, phar-
macy order data, or antibiotic administration data), estimates have repeatedly found that
nearly half of hospitalized adults and children receive an antibiotic during their hospital-
ization.[1, 16] Recognizing limitations of using indirect measurements such as adminis-
trative data to delineate the epidemiology of inpatient antibiotic use, CDCs’ Emerging
Infections Program (EIP) conducted an antibiotic use point-prevalence survey in 183 acute
care hospitals across multiple states in one day in 2011.[1] The EIP is a network of ten state
health departments and local collaborators representative of the US population. It conducts
surveillance and evaluates methods for prevention and control of emerging IDs. Investi-
gators determined not only the prevalence of inpatient antibiotic use across EIP sites, but
also the most commonly used drugs and indications. Magill and colleagues found 50% of
11,282 inpatients evaluated received an antibiotic at some point during their
hospitalization.[1] The most commonly prescribed drugs included vancomycin (14%),
ceftriaxone (11%), piperacillin/tazobactam (10%), and levofloxacin (9%), in total account-
ing for approximately 45% of all antibiotic therapy.[1] This survey is one of the largest
evaluations of inpatient antibiotic use in the United States to date. It confirms previous
estimates of inpatient antibiotic use and additionally highlights the common use of broad-
spectrum agents even for community-onset infections. The National Healthcare Safety
Network (NHSN) recently launched the Antimicrobial Use and Resistance (AUR) Module,
facilitating electronic reporting of antibiotic use data that will allow for prospective antibi-
otic use surveillance and assist with local and national stewardship efforts.[17]

https://doi.org/10.1017/9781316694411.002 Published online by Cambridge University Press


https://doi.org/10.1017/9781316694411.002

1: The Need for Antibiotic Stewardship Programs: An Introduction 3

Numerous evaluations of inpatient antibiotic prescribing quality have been conducted
to estimate rates of inappropriate and therefore, modifiable antibiotic use. From these
evaluations, 25% to 50% of inpatient antibiotic use is deemed inappropriate and/or
unnecessary.[1-3] Common reasons for unnecessary or inappropriate antibiotic use
include treatment of noninfectious or nonbacterial syndromes, treatment of colonization
or contamination, use of overly broad-spectrum antibiotic therapy, and longer than neces-
sary durations of therapy.[18] Most published assessments come from single center evalu-
ations and focus on empiric and definitive drug selection.[14, 19-25] More recent
evaluations involve in-depth evaluations of antibiotic prescribing including diagnostic
evaluation, drug dosing, and duration of therapy.[26-31] No standard definition of
inappropriate antibiotic use exists or is applied across studies, limiting interpretation of
results and application to other settings. Most studies rely on expert opinion based on chart
review to define appropriate therapy.[22, 23, 26, 28, 30, 32, 33] While more detailed in
scope, these evaluations are often labor intensive and difficult to reproduce. Recently, large-
scale national and multi-national antibiotic prescribing surveys have been conducted with
the use of audit tools developed based on national guidelines and consensus expert opinion.
[34-36] These tools are designed for use across various healthcare settings and by profes-
sionals of varying clinical expertise. For example, the Australian National Antibiotic
Prescribing Survey (NAPS) is conducted annually using a published audit tool. The
2014 results showed a 38% prevalence of antibiotic use among inpatients, with nearly a
quarter (23%) considered inappropriate.[37] In the United States, CDC in collaboration
with external experts developed audit tools aimed at assessing the appropriateness of
inpatient antibiotic use. These tools served as a foundation for the 2011 EIP Antibiotic
Use Point Prevalence Survey, which on review of 296 inpatient antibiotic courses found
prescribing could be improved in 37% of cases (40% of 111 urinary tract infection [UTI]
cases and 36% of 185 vancomycin courses).[3] Standard audit tools are facilitating larger
scale qualitative evaluations of antibiotic prescribing. With expanded use of electronic
medical records, electronic audits may be possible in the future, making broader evaluations
of antibiotic prescribing quality and real-time alerting of patients’ charts for ASP review
feasible.

Outpatient Settings

While we are gaining a better understanding of the epidemiology of inpatient antibiotic
prescribing, the prevalence and various factors affecting antibiotic prescribing patterns have
been better characterized for outpatient settings. Data from nearly 50 years ago shows
antibiotics are the most commonly prescribed medication in outpatient settings, accounting
for 15% of all prescriptions.[38] In 2009, antibiotic expenditures in outpatient settings in
the United States totaled $10.7 billion, accounting for over 60% of all antibiotic expend-
itures across all healthcare settings.[39] Data highlighting the large role outpatient settings
play in overall antibiotic use stresses the importance of effective outpatient antibiotic
stewardship efforts.

Outpatient antibiotic prescribing rates are highest for children and for adults over the age
of 65 years; 50-60% of all antibiotic prescriptions written are for acute respiratory infections
(ARIs), which are largely viral in etiology.[40-43] While prescriptions for ARIs in children
are declining,[40] data from the Veterans Affairs population and others suggests antibiotic
prescriptions for ARIs in adults have remained relatively stable; 69% of Veterans received
antibiotics for ARI diagnoses in 2012 as compared to 68% in 2005.[43, 44] Additionally,
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broad-spectrum agents such as macrolides and fluoroquinolones are commonly used when
either an antibiotic is not indicated or a narrower spectrum drug would suffice.[41, 43]

Further characterizations of outpatient antibiotic prescribing patterns have highlighted
geographic and provider factors associated with high prescribing rates, potential targets for
outpatient stewardship efforts. Higher outpatient antibiotic prescription rates are seen in
southern states with family practice physicians prescribing the largest proportion of antibi-
otic courses.[42, 45] Interestingly, counties with higher proportions of obese patients,
children under the age of two years, females, and prescribers per capita have higher
antibiotic prescribing rates.[45] Substantial variation in providers’ prescribing practices
exists, and understanding factors associated with high prescribing is paramount to reducing
unnecessary antibiotic use.[43] Interviews of primary care providers indicate providers are
knowledgeable about guideline recommendations; however, they often stray from guideline
recommendations due to the fear the infection is bacterial, belief that broad-spectrum
antibiotics are more likely to cure the infection, and concern for poor patient and parent
satisfaction if an antibiotic is not prescribed.[46] Additionally, knowledge of definitions of
broad and narrow-spectrum antibiotic agents is poor;[46] therefore, providers may not
understand the implications of the antibiotic choice. This information highlights variations
in knowledge and attitudes around antibiotic use that may explain variation in practice (see
Chapter 3) and should be tackled in order to limit unnecessary antibiotic use.

The Rise of Antibiotic Resistance and Other Adverse Events

Antibiotic resistance has been regarded as a modern phenomenon; however, resistance
predates human use of antibiotics and evolving evidence implicates environmental organ-
isms as reservoirs of antibiotic resistance genes. Resistance genes have been detected in
30,000-year-old permafrost sediment and culturable microbiome from a cave isolated from
human contact.[47, 48] When populations of bacteria are exposed to antibiotics, susceptible
organisms are killed and subpopulations harboring resistance genes may survive resulting
in a population of antibiotic-resistant bacteria capable of causing subsequent infection in
the host, or spread to others.[49] Additionally, new resistance mutations can develop upon
exposure to antibiotics. The more antibiotics are used, the faster these processes happen.
We have seen this repeatedly since the first antibiotics were introduced into clinical
practice over 70 years ago. As new antibiotics are released for clinical use, resistance to most
is detected within five to ten years.[50] Case-control studies confirm the relationship
between antibiotic exposure and subsequent antibiotic-resistant infections. For example,
strong associations have been noted with antecedent carbapenem exposure and
carbapenem-resistant Klebsiella pneumoniae infections. Similarly, receipt of cephalosporins
has been identified as a risk factor for subsequent extended-spectrum beta-lactamase
(ESBL) producing Escherichia coli and Klebsiella species infections.[51, 52] In 2013, CDC
released a report providing the first overview of antibiotic-resistant organisms and other
infections directly related to antibiotic use such as Clostridium difficile, and their threat to
human health.[4] Carbapenem-resistant Enterobacteriaceae, drug-resistant Neisseria gonor-
rhoeae and C. difficile are among the most urgent threats. While antibiotic resistance is on
the rise, development of new antibiotics has slowed,[53] highlighting the urgent need to
curb unnecessary antibiotic prescribing and begin an era of responsible antibiotic use.
Antibiotic use is the single most significant risk factor for CDI.[54] Individual drug risks
may vary, but nearly every antibiotic carries a threat of CDI with risk accumulating with
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increasing numbers of drugs, dose and duration.[55] The epidemiology of C. difficile
changed in the early 2000s with emergence of the North American pulsed-field gel electro-
phoresis type 1 (NAP1) strain. The NAP1 strain is associated with higher rates of infection,
more severe disease, increased risk of relapse, and increased mortality.[56, 57] Not only has
C. difficile become the most common cause of healthcare-associated infections in US
hospitals, but it is increasingly reported in community settings as well.[58] Based on active
population surveillance through CDC’s EIP network that encompasses both inpatient and
outpatient locations, it is estimated that nearly 500,000 incident CDIs occur annually in the
United States, with nearly 30,000 deaths.[5] Although possibly influenced by use of more
sensitive testing methods, increasing rates of this largely preventable infection are alarming.
CDI has arguably become one of the most difficult infections of our time; antibiotic
stewardship is and will continue to be a key component of its prevention.

CDI is one of the most severe adverse side effects resulting from antibiotic use; however,
adverse drug events (ADEs) such as allergic reactions, drug toxicities, organ dysfunction,
and unintended drug interactions may occur. Data suggest ADEs related to antibiotic use
are not uncommon. An estimated 142,505 annual visits are made to emergency depart-
ments in the United States for antibiotic-related ADEs.[59] Antibiotics are implicated in
20% of all emergency department visits for ADEs, with the majority related to allergic
reactions (78.7%).[59] Antibiotics are the most common drugs implicated in emergency
department visits for ADEs in children.[4] Additionally, antibiotic ADEs in inpatients are
associated with longer lengths of stay and higher hospital costs.[60] Providers do not always
seem to appreciate the harms associated with antibiotic use; perhaps greater awareness of
the harms of antibiotic use will bring about more judicious prescribing.

In summary, despite growing awareness of the harms of indiscriminate use, rates of
antibiotic use have remained stable, and by some estimates have increased.[1, 43] Inappro-
priate and/or unnecessary antibiotic use is contributing to alarming rates of antibiotic-
resistant infections and potentially life-threatening ADEs.

Evidence to Support Antibiotic Stewardship

Antibiotic stewardship is a multidisciplinary program of activities aimed at optimizing
antibiotic use to achieve best clinical outcomes, while minimizing unintended adverse events
and limiting selective pressures that drive the emergence of antibiotic-resistant organisms.[10,
61] Stewardship programs promote six principles of appropriate antibiotic use including
prescribing: 1) for the right patients (e.g., only in patients with infections for which an
antibiotic is indicated); 2) at the right time (e.g., as soon as possible in serious infections like
sepsis); 3) with the right drug choice; 4) right route; 5) right dose; and 6) right duration of
therapy. Antibiotic stewardship interventions have been shown to decrease antibiotic use, lead
to more appropriate antibiotic use, reduce healthcare costs and antibiotic resistance, and most
importantly, improve patient outcomes and safety.[62-64]

Impact on Antibiotic Use and Costs

Inpatient stewardship programs have shown significant improvements in antibiotic use in
the form of both overall reductions in antibiotic consumption as well as more appropriate
therapy, typically defined as improvements in drug selection, adherence to guidelines, and
optimization of durations of therapy.[64] As an example, restrictions requiring prior
authorization from ID for dispensing of third-generation cephalosporins led to an 86%
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decrease in use of target drugs over a ten-year period at a large academic medical center.[65]
Similarly, a comprehensive ASP including prior authorization for use of certain antibiotics,
a comprehensive educational program, creation of local guidelines, and biannual feedback
to providers on prescribing practices led to an overall 35% reduction in antibiotic use.[66]
Prospective audit and feedback to hospitalists about prescribing habits for broad-spectrum
antibiotics led to higher rates of appropriate antibiotic prescriptions from 43% at baseline to
74% post-intervention.[67] Camins and colleagues conducted a prospective cluster ran-
domized trial assigning medicine teams at a large urban teaching hospital to either
prospective audit and feedback focused on use of vancomycin, levofloxacin and piperacil-
lin/tazobactam, or to use of indication-based guidelines for antibiotic use without any
feedback.[68] Assessing nearly 800 prescriptions for vancomycin, levofloxacin, and piper-
acillin/tazobactam, intervention teams were more likely to prescribe antibiotics appropri-
ately, compared with teams that did not receive the intervention, whether for empiric (82%
vs. 73%) or definitive therapy (82% vs. 43%).[68]

These improvements in antibiotic use are achieved with the added benefit of reduced
hospital costs, without negative impacts on mortality, length of stay, or readmission rates.
[64] Reported annual cost savings from ASPs range from $150,000 to $900,000, with
varying savings based on facility type and number of stewardship strategies implemented.
[69-74] Conversely, Standiford et al. reported that discontinuation of an ASP at their
hospital resulted in a 32% increase in antibiotic costs within two years of program discon-
tinuation.[75] Antibiotic-related cost savings often plateau after initial reductions; however,
this report underscores the ongoing role ASPs play in controlling antibiotic use and costs.

Antibiotic stewardship interventions aimed at improving outpatient antibiotic prescrib-
ing have been shown to reduce antibiotic prescriptions for conditions in which antibiotics
are not indicated (e.g., ARIs) and improve choice when antibiotics are indicated.[76-78]
Passive educational strategies such as use of printed educational materials alone have little
to no impact as compared to active educational interventions including interactive meetings
(vs. didactic lectures), individual provider level feedback and in-person education.[76, 77]
Although impacts have been modest, clinical decision support (CDS) and care pathways
provided either in paper form or integrated into the electronic medical record at the time
of prescribing have been shown to reduce antibiotic prescriptions for ARIs and lead to
more guideline-concordant management.[79-81] Patient-focused interventions, such as
delayed antibiotic prescribing in which a patient is asked to wait a few days before starting
an antibiotic to determine if the antibiotic is needed, can lead to reductions in unnecessary
antibiotic use without negative impacts on symptom resolution, clinical outcome, or
patient satisfaction.[82-84] Posters placed in examination rooms with the clinician’s pic-
ture, signature, and commitment to use antibiotics appropriately led to a 20% reduction in
inappropriate prescribing for respiratory conditions.[85] While several interventions have
been shown to improve outpatient antibiotic prescribing, more effort is needed to better
understand how to maximize their effect, which combinations of interventions provide the
most benefit with available resources and how best to scale up outpatient stewardship
interventions in a sustainable manner.

Impact on Antibiotic Resistance

The impact of antibiotic stewardship interventions on antibiotic resistance is difficult to
assess given available data is often in the form of antibiograms that aggregate susceptibility
data for only initial isolates. This precludes an evaluation of antibiotic resistance that
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developed over time in hospitalized patients. Additionally, antibiograms- in their trad-
itional form- do not allow for evaluation of multidrug resistance. These limitations com-
bined with the additional factors influencing the development and spread of antibiotic
resistance, such as lapses in infection control practices, make measuring the impact of
stewardship interventions on antibiotic resistance difficult and results to date have been
mixed.[86-88] However, studies have shown associations between antibiotic stewardship
interventions and reductions in individual- and population-level antibiotic resistance. In a
randomized controlled trial evaluating use of a clinical pulmonary infection score as criteria
for antibiotic decision-making, investigators found randomization of patients with low risk
of infection to short course empiric therapy as compared to standard of care, not only led to
reductions in antibiotic use, but also reduced rates of antibiotic resistance and superinfec-
tions among patients receiving short course therapy (15% vs. 35%).[89] Implementation of
a requirement for prior authorization of selected broad-spectrum parenteral antibiotics at
one institution led to a 32% reduction in antibiotic expenditures coupled with increased
activity against Gram-negative organisms for all targeted agents.[69] Interestingly, suscepti-
bilities to both restricted and unrestricted antibiotic agents increased after the intervention,
highlighting the selective pressure one class of antibiotics can exert on others.

Impact on (DI and Clinical Outcomes

Arguably one of the most important impacts of ASPs has been their contribution to
reducing hospital rates of CDI. Antibiotics are the single most important risk factor for
CDI; therefore, stewardship interventions promoting judicious antibiotic use are impera-
tive for prevention. Guidelines recommend implementing an ASP as part of multidisci-
plinary efforts paired with infection control to prevent CDI in hospital settings.[90, 91]
Multiple studies demonstrate the significant impact of ASPs on minimizing CDIs.
A comprehensive antibiotic stewardship intervention at a community hospital involving
antibiotic detailing with individual provider education as well as automatic stop orders
resulted in a 22% decrease in broad-spectrum antibiotic use and a drop in CDI incidence
from 2.2 to 1.4 per 1,000 patient days.[74] Decreasing rates of healthcare-associated
infections (HAIs) due to resistant Enterobacteriaceae were also noted.[74] A combined
strategy of restricted use of cephalosporins, a complete ban on fluoroquinolones and
infection control measures resulted in termination of a toxigenic NAP1 CDI outbreak in
the Netherlands in 2005.[92] After infection control measures were unable to control a
hospital outbreak of NAP1 CDI in Quebec, implementation of a nonrestrictive steward-
ship intervention including dissemination of local guidelines combined with prospective
audit and feedback resulted in reductions in antibiotic consumption followed by a marked
60% decrease in CDIs.[93] These studies highlight the significant impact ASPs can have
on reducing CDIs. Nearly 30,000 people die annually from CDI in the United States;[5]
minimizing unnecessary antibiotic use is critical to preventing this devastating infection
and saving lives.

Optimizing antibiotic therapy improves patient outcomes including increased infection
cure rates and possible reductions in mortality. Implementation of a guideline to promote
effective prescribing for community-acquired pneumonia was associated with decreased 30-
day mortality across a large health system.[94] Additionally, growing evidence suggests
involvement of ID specialists in the management of patients with Staphylococcus aureus
bacteremia leads to more appropriate and guideline-concordant management as well as
reductions in hospital mortality.[95, 96]
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Antibiotic stewardship is a patient safety initiative aimed at preventing antibiotic-
associated harms. In addition to CDI, ASPs play an integral role in promoting patient
safety through reductions in ADEs,[97] and by working with multidisciplinary teams to
improve perioperative surgical prophylaxis in hopes of preventing surgical site infections.
Hospitals with pharmacists performing therapeutic drug monitoring of vancomycin and
aminoglycosides have lower rates of renal impairment, hearing loss, and overall mortality.
[98] In many institutions, therapeutic drug monitoring is performed or supervised by an
ASP pharmacist in addition to antibiotic medication reconciliation, evaluation of discharge
antibiotics and monitoring drug-drug interactions to avoid adverse reactions. ASPs also
play a role in determining the nature of antibiotic allergies, minimizing false labeling of
drug allergies that promote use of broad-spectrum therapy, recommending appropriate
alternative therapy when necessary and preventing use of drugs to which patient are
allergic.[99, 100] Optimizing perioperative antibiotic prophylaxis is associated with reduc-
tions in surgical site infections; [101, 102] measures evaluating perioperative prophylaxis
are incorporated into The Centers for Medicare and Medicaid Services (CMS) value-based
purchasing program. Pharmacist-directed management of perioperative prophylaxis has
been associated with improved survival and decreased costs and length of stay.[103] Finally,
an evolving body of literature underscores further opportunity to avoid harm by involving
ASPs in evaluation of patients for outpatient parenteral antibiotic therapy (OPAT).[104,
105] Use of OPAT is on the rise, adverse events related to antibiotics are frequent, and an
estimated 15-30% of use is avoidable or unnecessary.[104-106] ASPs play a pivotal and
effective role in not only minimizing unnecessary antibiotic use, but importantly, avoiding
unnecessary harm and costs.

Making Antibiotic Stewardship a Reality

Evolution of Antibiotic Stewardship Goals

Despite numerous concerns about misuse of antibiotics and calls for improved prescrib-
ing,[7, 8] coordinated efforts to raise awareness, improve prescribing and impact policy
did not take hold until the mid-1990s. In response to increased recognition of unneces-
sary antibiotic prescribing in outpatient settings, the US CDC launched the National
Campaign for Appropriate Antibiotic Use in the Community in 1995, which was subse-
quently renamed Be Antibiotics Aware in 2017.[107] This program focuses on common
illnesses that account for the majority of antibiotic prescriptions written in outpatient
settings, and works with a wide range of partners to not only raise awareness about
the threat of antibiotic-resistant infections and adverse effects of antibiotics, but
also provide various clinical and informational resources for providers and patients
to improve antibiotic use. The program has expanded to measure and characterize
outpatient antibiotic prescribing,[42] evaluate interventions to improve prescribing,
[108] and develop policies and guidelines to promote appropriate outpatient antibiotic
prescribing.[109, 110] The program also includes Antibiotics Awareness Week, a
yearly observance in November to raise awareness about antibiotic resistance and the
importance of judicious antibiotic use.[107] During this week, CDC partners with a
variety of organizations and over 40 countries to educate clinicians, the public, policy-
makers, hospital administrators, and the media about the critical issue of antibiotic
resistance.
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National ID professional societies worked for years to address the rising tide of
antibiotic-resistant infections through development of prevention and treatment guidelines,
promoting and funding research, and advocating for effective policies to address antibiotic
resistance. Recognizing the implications of rising rates of antibiotic-resistant pathogens
coupled with dramatic declines in development of new antibiotic agents, the Infectious
Diseases Society of America (IDSA) originally published guidelines for improving antibi-
otic use in hospitals in 1988.[111] This was followed by a joint publication on the topic by
IDSA and the Society for Healthcare Epidemiology of America (SHEA) in 1997.[112] These
societies more specifically promoted the concept of antibiotic stewardship when they
released new guidelines in 2007.[61] This document outlines ideal ASP team members
and needed resources as well as core and supplemental strategies for ASPs to improve
antibiotic use; yet, it lacked practical details of how to implement an ASP. The 2007 guide-
lines were followed by an IDSA policy paper titled Combating Antibiotic Resistance: Policy
Recommendations to Save Lives that recommended requiring ASPs in all US healthcare
facilities.[113] This document recommended new incentives and requirements be estab-
lished for implementation and maintenance of ASPs across all health care settings as just
one part of a multi-faceted approach to address antibiotic resistance.[113] IDSA recom-
mended ASPs be required as a condition of participation in federal CMS programs.[113]
A companion policy statement on antibiotic stewardship published the following year by
SHEA, IDSA, and the Pediatric Infectious Diseases Society (PIDS) echoed these calls for
mandatory implementation of ASPs across health care and additionally outlined minimum
program requirements that should be enforced, process and outcome measures to be
monitored, and deficiencies in national antibiotic surveillance and research that need to
be addressed.[10] SHEA in partnership with other organizations promoting antibiotic
stewardship published a guidance document outlining the knowledge and skills necessary
for physicians, pharmacists or other healthcare providers to develop and lead an antibiotic
stewardship program.[114] Finally, IDSA and SHEA released recommendations for imple-
mentation and measurement in antibiotic stewardship in 2016, specifically outlining best
approaches and interventions to optimize antibiotic use.[115]

Initial experience with regulation mandating processes to improve antibiotic use in the
United States comes from the state of California. California Senate Bill 739, signed into law
in 2006, directed the California Department of Public Health to require general acute care
hospitals to develop a process for evaluating the judicious use of antibiotics with results
jointly monitored by representatives and committees involved in quality improvement.
[116] While Senate Bill 739 did not explicitly state ASPs be established, nor outline or
require methods for intervening to improve antibiotic use, a preliminary assessment of its
impact identified 22% of California hospitals instituting ASPs.[117] While antibiotic
stewardship initiatives expanded under this regulation, barriers persisted including staffing
constraints and lack of funding. In September 2014, California Senate Bill 1311 [118]
expanded previous regulations and required that hospitals adopt and implement an antibi-
otic stewardship policy adherent with guidelines established by the federal government and
professional societies with leadership required by either a physician or pharmacist with
training in antibiotic stewardship. California not only learned that legislation is effective in
expanding antibiotic stewardship initiatives, but also that the language of such mandates is
integral to developing appropriately constructed and funded programs.

Antibiotic resistance is a public health issue and in many ways addressing it falls within
the scope of public health services. At a federal level, US CDC has been involved with
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Table 1 Core Elements of Hospital Antibiotic Stewardship Programs

1) Leadership Commitment: Dedicating necessary human, financial and information technology
resources.

2) Accountability: Appointing a single leader responsible for program outcomes. Experience with
successful programs show that a physician leader is effective.

3) Drug Expertise: Appointing a single pharmacist leader responsible for working to improve
antibiotic use.

4) Action: Implementing at least one recommended action, such as systemic evaluation of
ongoing treatment need after a set period of initial treatment (i.e., “antibiotic time out” after
48 hours).

5) Tracking: Monitoring antibiotic prescribing and resistance patterns.

6) Reporting: Regular reporting information on antibiotic use and resistance to doctors, nurses
and relevant staff.

7) Education: Educating clinicians about resistance and optimal prescribing.

promoting antibiotic stewardship activities for nearly two decades and has worked to make
improving antibiotic use a national priority. CDC has worked to not only provide education
about antibiotic stewardship, but also tools and resources to implement effective programs.
[107] CDC has worked to describe the human impact of antibiotic resistance in the United
States as well as the extent and patterns of our antibiotic use and opportunities for
improvement.[1, 3, 4] In 2014, CDC published a report calling for implementation of ASPs
in all hospitals and soon after released a document outlining core elements of successful
hospital-based ASPs (See Table 1).[3, 119] While acknowledging some flexibility is needed
to tailor ASPs to local resources and culture, CDC emphasized success is dependent on
leadership and defined multidisciplinary approaches. For the first time, the CDC provided a
framework for components of a successful ASP in the Core Elements of Hospital Antibiotic
Stewardship Programs [119] and has since outlined core elements of antibiotic stewardship
in nursing homes and core elements of outpatient antibiotic stewardship.”[120, 121]

In September 2014, President Obama signed Executive Order 13676: Combating Antibiotic-
Resistant Bacteria which addresses the policy recommendations of the President’s Council of
Advisors on Science and Technology (PCAST) and identified priorities for combating
antibiotic-resistant bacteria further detailed in the National Strategy on Combating
Antibiotic-Resistant Bacteria.[122, 123] The Executive Order instructed CMS to review regula-
tions and ensure acute care hospitals and LTCFs have ASPs that implement best practices by
2020.[122] Additionally, the national strategy called for reductions in inappropriate prescribing
by 20% in inpatient settings and 50% in outpatient settings by 2020 as a key strategy in reducing
antibiotic resistance. The subsequent National Action Plan for Combating Antibiotic-resistant
Bacteria further outlined steps for implementing these goals and the national strategy over the
next five years (www.cdc.gov/drugresistance/pdf/national_action_plan_for_combating_anti
botic-resistant_bacteria.pdf).[11] In response to these national efforts, the Joint Commission
published a new standard for the implementation of ASPs for hospitals, critical access hospitals,
and nursing centers for accreditation, which became effective in January 2017.[124]

Similar warnings about the threat of antibiotic resistance and calls for improved
antibiotic use have echoed around the world. The World Health Organization (WHO)
published a report on global antibiotic resistance in 2014, which describes not only global
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levels of antibiotic-resistant bacteria, but also highlights the lack of coordinated surveillance
efforts.[125] The report declares antibiotic resistance a threat to the achievements of
modern medicine that may lead to a post-antibiotic era where common infections cannot
be cured. The WHO subsequently published a Global Action Plan on Antimicrobial
Resistance in 2015, which was adopted by the World Health Assembly.[126] The action
plan outlines five objectives: 1) improve awareness around antibiotic resistance, 2)
strengthen knowledge and evidence base through surveillance and research, 3) reduce the
incidence of infection, 4) optimize use of antibiotics in humans and animals, and 5) develop
the economic case for sustainable investment in new medicines, diagnostic tools, vaccines
and other interventions. The action plan calls for coordinated efforts around the globe and
the development of multi-sector (i.e., human and veterinary medicine, agriculture, finance,
environment and consumer) national action plans by the 2017 World Health Assembly.
Finally, in September 2016 Heads of State convened at the United Nations General Assem-
bly signed a commitment to broad, coordinated approaches to addressing antibiotic resist-
ance across human health, veterinary medicine and agriculture, and reaffirmed the
blueprint for tackling antibiotic resistance in the WHO global action plan.[127]

The overuse of antibiotics in food animal production and its relationship to antibiotic-
resistant bacteria in humans has gained increasing recognition. The first ban on antibiotic
use in food animals for growth promotion was enacted in Sweden in 1986, followed by
numerous European countries and a European Union ban on all antibiotics in food animals
for growth promotion in 2006.[128] The United States has not been so quick to act;
however, appreciation of the relationship with antibiotic use in animals and human health
motivated reviews of agricultural practices around the world and led the US Food and Drug
Administration (FDA) to implement strategies in 2015 to minimize antibiotic overuse by
identifying certain antibiotics that require veterinary oversight via the Veterinary Feed
Directive.[129] The FDA also worked with drug companies to re-label antibiotics and
remove feed efficiency and growth promotion claims. Global initiatives and the push for
regulatory requirements have advanced antibiotic stewardship across healthcare, veterinary
medicine and agriculture. Work must continue but these efforts have lent new urgency
toward efforts to systematically measure antibiotic use and develop standardized measures
of appropriate use.

Progress on Measurement and Quality Measures

Quantifying where, when and how antibiotics are used in various healthcare settings is
imperative to identifying areas for improvement and implementing change. In conjunction,
antibiotic surveillance data is imperative to set and monitor national goals for improve-
ment. In the 1990s, CDC encouraged national reporting of inpatient antibiotic use through
the AUR Module of the National Nosocomial Surveillance System, which was transitioned
to the NHSN in 2006. Due to difficulties with manual aggregation of data, nearly all
reporting to the AUR stopped by 2006.[130] Eliminating the need for manual data entry,
CDC released the Antimicrobial Use (AU) option of the AUR Module in 2011 based on
electronic medication administration record (eMAR) or bar coding medication adminis-
tration (BCMA) systems and began receiving antibiotic use data in 2012. Antibiotic use in
the AUR Module is measured in days of therapy per 1,000 days present (DOT/1,000 days
present) with the short-term goal to provide facilities with local data for quality improve-
ment activities and a means for measuring the effectiveness of stewardship interventions.
A forthcoming benefit will be a national database of inpatient antibiotic use with the ability
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to report risk adjusted facility benchmarks, enabling comparison between facilities. Cur-
rently, submission of antibiotic use data is voluntary; however, the national action plan
strongly encourages healthcare facilities to submit usage data, and the PCAST report
recommends requiring this reporting as part of the Inpatient Quality Reporting Program
of CMS.[123]

CDC developed the Standardized Antibiotic Administration Ratio (SAAR) as a risk
adjusted quality measure for antibiotic use and a first step toward national antibiotic
benchmarking for US hospitals. The SAAR compares observed antibiotic use with expected
or predicted use (observed/expected). There are multiple SAARs calculated including those
based on adult and pediatric patient location groupings (e.g., ward vs. intensive care unit)
and antibiotic groupings [e.g., anti-methicillin resistant S. aureus (anti-MRSA) agents,
broad-spectrum agents predominantly used for community-acquired infection]. Although
questions remain regarding the relationship between the SAAR and appropriate antibiotic
prescribing and patient outcomes, it is an initial effort that will inform future benchmark-
ing efforts. While there is no established reference standard with which to measure
appropriate antibiotic use, recent efforts by CDC and others have focused on defining
quality indicators and developing standardized audit tools for measuring antibiotic pre-
scribing quality based on objective criteria that can be assessed by trained personnel.[34]
Future work is needed to validate the SAAR as an inpatient quality measure against these
measures of appropriate antibiotic prescribing.

Antibiotic Stewardship Across the Healthcare Continuum

Reported estimates of the prevalence of antibiotic stewardship programs in US hospitals
vary, and little is known about the structure and robustness of these programs, number and
type of interventions used, and process and outcome measures followed.[117] With
increasing recognition of the benefits of antibiotic stewardship as well as recent calls for
establishment of ASPs in all acute care hospitals, understanding the national landscape of
antibiotic stewardship and current barriers to implementation efforts are imperative.

In order to identify gaps and improve stewardship efforts throughout the State of
Michigan, Collins and colleagues in conjunction with the Michigan Society of Health-
System Pharmacists (MSHP) conducted a survey of health systems in 2014 to characterize
current antibiotic stewardship practices and perceived stewardship-related needs.[131] Of
the 47 respondents, 45% were from facilities with less than 150 beds, and the majority of
respondents (76%) represented nonteaching facilities. Although response rates were low
(26%), 83% of respondents reported having antibiotic stewardship strategies in place.[131]
Most stewardship programs were less than two years old (66%), and the majority (63%)
reported multidisciplinary ASP teams.[131] Formulary restriction, intravenous to oral
conversion, and pharmacist led prospective audit and feedback were the most common
interventions used; however, pharmacists in hospitals with fewer than 150 beds were less
likely to make interventions related to de-escalation or discontinuation of antibiotics (52%
vs. 85%).[131] The most commonly reported barriers to antibiotic stewardship were lack of
ASP funding (47%) and other resources (49%, e.g., information technology resources, lack
of ID expertise), as well as opposition from physicians and lack of hospital administration
support.[131] Interestingly, a low%age of programs (44%) reported following antibiotic
utilization patterns, one of the seven core elements for hospital ASPs identified by CDC.
Reasons for not monitoring antibiotic use trends were not explored, but highlight the need
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for further support for program evaluation. This survey underlines significant differences in
stewardship practices and resources between large and small hospitals. Most studies evalu-
ating inpatient ASPs come from large academic centers, and there is a limited evidence base
with which to guide successful implementation of ASPs in smaller community hospitals.
[132] Although resources are often limited in nonacademic settings, successful examples of
ASPs in these settings exist,[133] and future efforts are needed to understand how best to
implement stewardship in small community hospitals.

The National Veterans Affairs Antimicrobial Stewardship Task Force (ASTF) is a resource
for stewardship education and for the development and dissemination of stewardship
resources across the VA, the largest integrated healthcare system in the United States. The
VA ASTF, in collaboration with the VA Healthcare Analysis and Information Group (HAIG),
performed a cross-sectional survey across all VA facilities in 2012 to characterize existing
antibiotic stewardship structure and practices.[134] At the time of the survey, 38% of 130 VA
facilities reported having an antibiotic stewardship team, defined as an ID physician and a
clinical pharmacist who routinely meet to discuss antibiotic stewardship-related issues.[134]
Twenty-two% of facilities had a policy establishing an ASP; another 42% reported having a
policy under development.[134] The most commonly utilized stewardship activities and
processes were formulary restrictions (92%) use of automatic stop orders for antibiotics
(75%) and clinical care pathways (74%). Activities that seemed underutilized included
systematic review of positive blood cultures, prospective audit and feedback, and group or
provider-specific feedback on antibiotic usage.[134] Interestingly, of the 49 facilities with
antibiotic stewardship teams, 51% reported working in the outpatient setting and 67% in
community living centers, which are VA LTCFs.[134] In January 2014, the VA released a
directive establishing a policy for the implementation of ASPs across all VA medical facilities.
This policy was significant and affirms the VA’s commitment to antibiotic stewardship.

To better characterize inpatient antibiotic stewardship practices across the United States,
CDC incorporated antibiotic stewardship questions into the 2015 NHSN facility survey.
Questions were aimed at assessing how many hospitals had ASPs meeting the seven core
elements of hospital ASPs as outlined by the CDC.[119] In 2014, 39% of US hospitals
reported having ASPs meeting all seven core elements.[135] Ninety-four% of hospitals
reported compliance with the action core element, meaning they had implemented at least
one recommended stewardship intervention, while only 60% of hospitals reported leadership
commitment dedicating resources for stewardship. Larger bed size, teaching hospital status
and hospital leadership commitment for the ASP were all associated with fulfilling all seven
core elements. For example, 56% of hospitals with greater than 200 beds had ASPs meeting all
core elements as compared to 22% of hospitals with less than 50 beds. Similarly, 76% of
hospitals with dedicated salary support for stewardship resources met all seven core elements,
versus only 27% of those without dedicated salary support. While these data suggest a
substantial proportion of US hospitals of varying sizes have taken on the antibiotic steward-
ship charge, more than half of programs do not meet all core elements. Leadership commit-
ment and dedicated resources are clearly associated with more robust ASPs. If we intend to
improve antibiotic use in any significant way, garnering hospital leadership support is
imperative.

There are over 15,000 nursing homes in the United States with an estimated 1.4 million
residents, and these numbers are expected to rise as the US population ages.[136] Between
50% and 80% of LTCF patients receive antibiotics, often coupled with high rates of
antibiotic-resistant infections.[137, 138] LTCFs are in great need of antibiotic stewardship
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given their medically complex patients and care process models, combined with high rates
of antibiotic utilization and resistance among their vulnerable patients. Resources and
access to ID expertise are often limited in LTCFs and data are limited regarding most
effective stewardship practices in this setting. The lack of resources and evidence to guide
best practices necessitate creative stewardship approaches to optimize antibiotic use in LTCF
settings.[139] Given limited data regarding existing antibiotic stewardship practices coupled
with forthcoming regulation requiring ASPs in all LTCFs, the Michigan Department of
Health and Human Services conducted a survey of Michigan LTCFs in 2014 to define current
stewardship practices and needs.[138] Seventy-five% (60/80) of responding LTCFs reported
having ASP policies and procedures, yet only 23% reported having a formal ASP with
dedicated staff. Perceived obstacles to ASP implementation included lack of knowledge
(54%), absence of an ASP proposal (50%), and staffing constraints (8%). Most commonly
involved ASP team members in LTCFs include infection preventionists, medical directors and
nurses.[138, 140] Lack of access to ID expertise has been identified as a limitation in other
surveys[140]; however, respondents report a strong belief that antibiotics are overused (54%),
that an ASP would be beneficial (89%) and a keen interest in pursuing antibiotic stewardship
education.[138] These findings are encouraging, but underscore the need for more education
of local champions paired with availability of ID and stewardship expertise.

To bolster antibiotic stewardship efforts in long-term care settings, the US CDC released
“Core Elements of Antibiotic Stewardship Programs in Nursing Homes” in 2015.[120].
This document outlines the key components and functions of ASPs in nursing homes and
will provide a useful foundation as nursing homes work toward implementing stewardship
programs (see Chapter 12).

New models for delivering ambulatory care with improved access have grown over the
last decade in the form of retail and urgent care clinics and telemedicine. Retail clinics are
often located in pharmacies or grocery stores and provide walk-in care for a limited set of
low acuity conditions with upper respiratory illnesses, unspecified viral illnesses and UTIs
accounting for 88% of visits.[141] Use of retail clinics grew ten-fold between 2007 and 2009;
[141] an estimated 3 million patients visited retail clinics in 2008.[142] Use of telemedicine
and e-visits where interactions occur virtually over the internet have grown dramatically
and these services are now reimbursed by numerous health plans.[143] An evaluation
comparing e-visits to office visits at primary care practices within the University of
Pittsburgh Health System, found 99% of e-visits for UTIs resulted in an antibiotic prescrip-
tion as compared to 49% of in-person office visits.[143] Providers were also less likely to
order relevant diagnostic tests at e-visits as compared to in-person visits (8% vs. 51%).[143]

Administration of antibiotic infusion therapy in the ambulatory setting, or OPAT, is
also increasingly common. It can be safe, efficacious and cost saving with appropriate
patient selection.[144] However, there is mounting evidence that as use of OPAT is on the
rise so is unnecessary antibiotic use and inadequate follow-up to monitor for antibiotic and
central venous catheter-related toxicities.[145] Stewardship interventions to monitor and
determine the need for OPAT have been shown to reduce unnecessary use and costs, and
improve patient safety and outcomes.[105, 146, 147] While these growing healthcare
delivery models have potential advantages including convenience, efficiency and lower
costs, evidence suggests they contribute to over-prescribing. They represent the next
frontier where we must not only characterize antibiotic prescribing, but also begin to
design, implement and evaluate innovative stewardship interventions to reduce overuse.
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Where Do We Go from Here?

Next Steps for Antibiotic Stewardship

We are at a pivotal moment for antibiotic stewardship. Previous, smaller efforts to improve
antibiotic use have now been galvanized into a formal action plans. Antibiotic stewardship
is recognized as a key to combating antibiotic resistance. An unprecedented number of
stakeholders have now joined this effort, as evidenced by the White House Forum on
Antibiotic Stewardship in 2015, which brought together more than 100 stakeholder groups
to discuss ways to expand antibiotic stewardship, and the commitment made by global
leaders to coordinate efforts to fight antibiotic resistance at the United Nations General
Assembly in September 2016. Regulatory, accreditation and payer organizations are also
beginning to explore and implement policies and incentives to promote stewardship. The
critical steps lie ahead. The task of harnessing this momentum increasingly rests with the
thousands of individual facilities and providers who must now implement stewardship
programs in all healthcare settings. Fortunately, there are a large number of groups that
stand ready to support providers in their efforts. There is also a great need for more
research in antibiotic stewardship to build an evidence base to support even greater change.
Stewardship programs must investigate optimal ways to implement interventions known to
be effective as well as develop and test new interventions. Federal agencies are helping
address the knowledge gap in antibiotic stewardship through increased funding opportun-
ities. There is no doubt ASPs will continue to improve patient care while optimizing
healthcare resources.
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