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Introduction

Antibiotic-resistant bacteria infect 2 million Americans annually,
resulting in up to 100,000 deaths and excess healthcare costs
exceeding $20 billion.1,2 Antibiotic use is a major contributor to
antibiotic resistance, Clostridioides difficile infections (CDI), and
antibiotic-associated adverse events. Antibiotics are frequently
used across all healthcare settings in the United States, although
much of this use is unnecessary.3–6 In response, antibiotic steward-
ship programs (ASPs) have sought to coordinate efforts to improve
antibiotic prescribing.7 Although there has been much progress
with antibiotic stewardship (AS) over the past decade, gaps in opti-
mizing the reach and effectiveness of AS remain. We convened a
diverse, multidisciplinary group of AS clinicians and researchers to
delineate and prioritize these research gaps from a US human
health perspective.

We highlight 4 broad categories in which gaps exist (Table 1):
(1) a scientifically rigorous evidence base to define optimal antibi-
otic prescribing practices, which adequately inform AS interven-
tions across a variety of patient populations and settings;
(2) effective AS approaches to recognize effective interventions,
knowledge of how these interventions can be adapted for imple-
mentation both locally and across diverse settings, and an under-
standing of how interventions can be sustained once implemented;
(3) standardized process and outcome metrics; and (4) advanced
study designs with appropriate analytic methods, accompanied
by infrastructure to support data collection and sharing.

Clinical evidence to define optimal antibiotic use

Antibiotic stewardship is the effort to improve appropriate antibi-
otic use, at the correct dose, by the proper route of administration,
for a sufficient (but not excessive) duration, and only when benefits
outweigh potential risks8; however, defining “appropriate

antibiotic use” can be challenging without supportive data from
well-designed studies.9 Early attempts at assessing appropriateness
have used concordance with guidelines to help adjudicate prescrib-
ing behavior.10,11 Yet this approach is flawed: national guidelines
do not always prioritize treatment approaches, frequently exclude
clinically relevant populations (eg, immunocompromised patients,
older adults, etc), and generally fail to address other aspects of
infection management, such as the role of source control.12,13

The need for up-to-date, evidence-informed guidance based on
the principles of antibiotic stewardship that provides management
recommendations informed by relevant patient characteristics and
priorities is clear.14 In addition, dosing to optimize pharmacoki-
netics and pharmacodynamics still needs to be defined for several
patient populations frequently excluded from clinical trials (eg,
obese patients, patients requiring renal replacement therapy,
patients with altered volumes of distribution, etc) or those infected
with organisms with elevated antibiotic minimum inhibitory con-
centrations. Evidence guiding the selection and duration of antibi-
otic therapy in immunocompromised patients is also largely
deficient. Herein, we describe major research gaps in the clinical
evidence for infectious disease syndromes that are relevant to
AS. Although these can best be evaluated using randomized clinical
trials, well-designed cost-effective studies, such as pragmatic trials,
adaptive or Bayesian designs, and observational studies using sci-
entifically rigorous approaches to adjust for confounding by indi-
cation, can provide valuable data to inform policy and practice.

Diagnostic issues in pneumonia

Several additional issues surrounding pneumonia warrant more
investigation. First, although classic systemic symptoms, respira-
tory physical exam findings, and new or evolving infiltrates on
chest imaging make the diagnosis of bacterial pneumonia highly
likely, ambiguities with the transcribing of imaging findings and
atypical symptoms at presentationmay sway clinicians toward pre-
scribing antibiotics when the presentation ismore representative of
fluid overload, aspiration events, pulmonary infarctions, or viral
infections.15 Although advances have been made in our use of
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laboratory diagnostic stewardship (ie, preventing the testing and
reporting of test results that are not clinically indicated), further
research in “imaging” stewardship would likely lead to reductions
in the overdiagnosis of bacterial pneumonia and subsequent over-
treatment of noninfectious processes.16 Second, the role of naso-
pharyngeal and sputum specimen testing, microbiological
processing including use of respiratory pathogen panels to guide
treatment decisions (including in the absence of pathogens),
requires further study.17 Finally, the role of biomarkers in both
the diagnosis andmanagement of respiratory tract infections needs
further exploration.18,19

Community-acquired pneumonia (CAP)

Consensus guidelines are available for CAP in both children and
adults.20,21 Well-designed studies are needed to determine whether
all mild-to-moderate CAP requires universal antibiotic therapy,
perhaps assisted by biomarkers such as procalcitonin, and to deter-
mine whether macrolide therapy should always supplement
β-lactam therapy.18,22–25 Randomized trials evaluating the need
for routine treatment of CAP with agents active against atypical
pathogens have yielded inconsistent results.26,27 Additionally, anti-
biotic durations <5 days may be appropriate to treat CAP in
certain adults,28 but data from adequately powered, multicenter,
randomized, controlled clinical trials are needed. High-quality data
are also needed to define optimal durations for patients with
underlying structural lung disease and for frail, elderly adults cared
for in the community. No randomized studies have defined opti-
mal treatment durations for CAP in children, and current national
guidelines default to 10 days, acknowledging insufficient data to
evaluate shorter courses.21

Hospital-acquired pneumonia (HAP)/Ventilator-associated
pneumonia (VAP)

Apivotal RCT supported shortened duration of therapy of ~1 week
for VAP, although even shorter courses might be sufficient.29

Current guidelines for HAP and VAP likely still result in the
overuse of broad-spectrum antibiotics because they recommend
relatively low thresholds for the empiric use of anti–methicillin-
resistant Staphylococcus aureus (MRSA) and antipseudomonal
coverage (including the use of combination therapy) while acknowl-
edging that these are based on low- or very low-quality data.30 Studies
that have valued reducing invasive procedures (eg, bronchoscopy)
over targeted antibiotic therapy have reinforced empiric, broad-
spectrum antibiotic therapy.31 Subpopulations that truly warrant
anti-MRSA and/or antipseudomonal coverage and approaches
for safe de-escalation need to be better defined, preferably using
validated risk scores, decision trees, and/or non–culture-based and
rapid diagnostics. Additionally, the role of inhaled antibiotics for
HAP/VAP (and other conditions where they are used or could be
used, such as bronchiectasis and cystic fibrosis) would benefit from
further study.

Asymptomatic bacteriuria and urinary tract infections (UTIs)

Asymptomatic bacteriuria remains one of the most common rea-
sons that antibiotics are inappropriately prescribed for acute- and
long-term-care patients. Research focused on the relative sensitiv-
ity and specificity of specific UTI symptoms may help to reduce
excess antibiotic use for asymptomatic bacteriuria, as would estab-
lishing threshold urinalysis parameters that warrant proceeding to
culture. One of the most common reasons urine cultures are
obtained in older adults is changes in mental status.32–34

Additional research is needed to better establish howmental status
changes (or subtle changes from baseline clinical status) in older
adults predict the likelihood of UTIs,35 and to identify criteria
for collecting urine cultures in nonverbal, critically ill patients.32

Also, the benefit of screening for and treatment of asymptomatic
bacteriuria in pregnancy remains unknown, despite widespread
practice.36–38

The practice of ordering urine diagnostic studies in the absence
of relevant signs and symptoms represents an ongoing driver of
unnecessary antibiotic prescribing, and interventions are needed

Table 1. High-value targets for antibiotic stewardship (AS) research

Clinical Evidence to Define
Optimal Antibiotic Use Implementation Metrics Study Design and Methods

• Evaluate optimal diagnosis
and antibiotic management
(dose, route, duration) of
pneumonia, urinary tract
infections, skin and soft tissue
infections, diabetic foot
infection, and intra-abdominal
infections

• Use diagnostic stewardship to
drive practice change in
antibiotic prescribing

• Establish the role and optimal
duration of antibiotic
prophylaxis in a variety of
settings, including in
immunocompromised patients

• Study various strategies to establish
comparative effectiveness, feasibility,
and costs

• Identify the most effective computerized
decision support for AS interventions

• Incorporate social, organizational,
emotional, and cultural drivers into the
design of AS interventions

• Identify strategies for promoting
dissemination of evidence-based
stewardship in primary care, urgent care,
and emergency departments

• Identify elements of sustainable AS
• Develop models for effective AS in varied

(non-acute care) settings
• Identify key components of effective AS

programs utilizing remote AS expertise and
training of non-infectious diseases trained
healthcare personnel

• Design cutting edge implementation
studies to scale up proven interventions

• Evaluate optimal staffing for AS

• Identify valid and informative
antibiotic use metrics for diverse
hospital and non-hospital settings

• Study methods for assessing and
comparing post-discharge
antibiotic therapy

• Improve methods to evaluate
outpatient antibiotic prescribing

• Develop metrics to assess
“appropriate use” of antibiotics

• Identify, define, test, and validate
AS process measures with a
demonstrable link to clinically
meaningful outcomes

• Quantify the risk of acquiring
antibiotic-resistant pathogens
based on antibiotic selection, dose,
and duration

• Develop a core set of standardized,
meaningful clinical outcome
variables

• Measure outcomes post-antibiotic
consumption

• Invest in research
infrastructure to facilitate
interventions and analysis at
the patient and population
levels

• Set standards for process and
outcomes in quasi-experimental
and observational studies

• Perform comparative
effectiveness studies evaluating
clinical outcomes as a function
of antibiotic exposure using
study designs that minimize or
avoid biases (e.g. multisite
cluster-randomized and
crossover trials)

• Use study designs and statistical
methods that address
competing benefits and risks
associated with antibiotic
prescribing
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to direct testing and the interpretation of test results within the
context of a specific patient.34 Reported strategies include (1) only
performing urine cultures if urinalysis results are suggestive of a
UTI, (2) not reporting the results of urine cultures with low quan-
tities of bacterial counts, (3) not reporting the results of urine
cultures when organisms unlikely to warrant therapy are recovered
(eg,Candida spp), and (4) as has been successfully demonstrated in
one study, not reporting urine culture results unless the prescriber
calls the clinical microbiology laboratory requesting culture
results.39–42 Further studies demonstrating the safety and effective-
ness of these approaches are necessary, perhaps also investigating
the role of biomarkers in this spectrum of illness.

Several randomized studies have evaluated the selection, route,
and duration of antibiotic therapy for both cystitis and pyelo-
nephritis, with most of these studies limited to otherwise healthy
women.43,44 However, comparative effectiveness trials comparing 7
or fewer days of both fluoroquinolone and nonfluoroquinolone
antibiotics for pyelonephritis are needed. Additional studies are
also needed to inform optimal durations of therapy in male
patients and those with comorbidities that impact urinary tract
functionality or UTI risk (eg, multiple sclerosis, diabetes mellitus,
and renal transplantation).

Skin and soft-tissue infections (SSTIs)

Several randomized trials have informed effective treatment regi-
mens for SSTIs, with treatment durations generally ranging from 5
to 10 days, but the optimal treatment duration remains unclear. In
one study, 7 days of cephalexin alone was shown to be equivalent to
7 days of cephalexin plus trimethoprim-sulfamethoxazole for non-
purulent cellulitis.45 Further studies evaluating shorter antibiotic
courses for uncomplicated cellulitis would be informative, as
one single-center study suggested that 5 days of therapy may be
sufficient for uncomplicated cellulitis.46 In addition, 2 randomized
trials evaluated treatment strategies for uncomplicated skin
abscesses.47,48 Both studies found that 7–10 days of antibiotic
therapy in addition to incision and drainage was associated with
improved clinical cure and relapse rates. Further studies are needed
to evaluate antibiotic courses <7–10 days and to assess whether
antibiotic therapy is still warranted for drained cutaneous
abscesses when S. aureus is not identified. Additionally, studies
including immunocompromised patients or patients with pros-
thetic material are necessary.

Diabetic foot infections (DFIs)

Diabetic foot infections represent a condition with considerable
morbidity and mortality in affected patients.49,50 Despite the
importance of this condition, it remains poorly studied. In addition
to the importance of examining approaches to prevent DFIs, stud-
ies addressing optimal choice, route, and duration of both empiric
and pathogen-directed therapy are needed, including clarifying the
role of clinical, radiographic, and microbiologic tests.

Intra-abdominal infections (IAIs)

Although national guidelines have outlined treatment recommen-
dations for both community-acquired and hospital-associated
IAIs,51 several areas warrant further investigation. For example,
treatment regimens for mild-to-moderate community-associated
IAIs (eg, ciprofloxacin plus metronidazole and ceftriaxone plus
metronidazole) do not provide enterococcal coverage, and inter-
ventional studies that explore whether targeted therapy is needed

when these organisms are identified are lacking. Similarly, limited
evidence indicates the benefit of adding antifungal agents to treat-
ment regimens when Candida spp are recovered from patients
with mild-to-moderate community-acquired IAIs. In addition,
the relationship between obtaining cultures routinely (and provid-
ing targeted therapy) and clinical effectiveness remains uncertain.

Although RCT data have been used to define durations of
therapy for IAI when source control has been achieved,52 addi-
tional evidence is needed to guide the appropriate therapy when
source control is suboptimal (ie, drainage has not occurred,
abscesses remain, or fistulae are present). Additional research is
also warranted to identify optimal treatment duration for infants
with necrotizing enterocolitis and patients with neutropenic
enterocolitis. Finally, considering the increasing prevalence of anti-
biotic-resistant Escherichia coli, future studies should investigate
the effectiveness of commonly prescribed oral step-down regimens
for IAIs.

Bacterial prophylaxis

Antibiotic prophylaxis has been shown to prevent infections.53 For
some infectious syndromes, however, data to guide effective and
judicious antibiotic prophylaxis are lacking. Further work is
needed to define the role of prophylactic antibiotic regimens for
recurrent UTIs. Additionally, observational data suggest patients
at high risk for recurrent C. difficile infections may benefit from
secondary prophylaxis while on systemic antibiotic therapy.54,55

Randomized controlled trials are needed to confirm these findings.
Preoperative antibiotic prophylaxis decreases the risk of surgi-

cal site infections56; however, several unanswered questions remain
regarding perioperative antibiotic use that require further research,
such as the value of weight-based dosing for specific antibiotics, of
intra-operative redosing of antibiotics, and of any postoperative
dosing.56 Prolonged postprocedural antibiotic prophylaxis is com-
monly used when prosthetic material, drains, and high-risk
invasive devices are placed (eg, extracorporeal membrane oxygena-
tion), but there is little evidence to support these practices and
more data evaluating benefits and harms are needed. Finally, in
2007, revised guidelines from the American Heart Association
narrowed the indications for antibiotic prophylaxis to prevent
infective endocarditis in patients with pre-existing valvular
disease.57 Other jurisdictions, such as the United Kingdom, have
narrowed the indications for infective endocarditis prevention
dramatically further, but not without controversy.58–60 A large trial
is needed to definitively address when and whether prophylaxis for
infective endocarditis is beneficial.

Anti-infective prophylaxis is commonly prescribed for immu-
nocompromised patients, but for many conditions the optimal
approach to prophylaxis is unclear.61,62 Future studies should
clarify which patients with allogenic hematopoietic stem cell trans-
plants and hematologic malignancies benefit the most from anti-
bacterial and antifungal prophylaxis, including prophylaxis against
Aspergillus spp and other molds. Patients who receive chemo-
therapy and have an anticipated period of neutropenia of at least
7 days benefit from fluoroquinolone prophylaxis, but it remains
unknown whether antibiotic prophylaxis is still beneficial if the
neutropenia persists for an extended period (eg, several months)
and whether the benefit outweighs the harm associated with anti-
microbial resistance.

Finally, the risk of developing antibiotic resistance and C. diffi-
cile colonization/infection while receiving antibiotic prophylaxis is
poorly understood. Providing clinicians with better data on the
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risks of antibiotic prophylaxis could inform shared decision mak-
ing between patients and providers about whether prophylaxis is
warranted.

Antibiotic stewardship implementation

Although numerous evidence-based AS interventions have been
described, particularly in acute-care hospitals, the uptake of these
interventions has been incomplete, and effectiveness is often
variable.63–65 First, AS implementation research requires a mixed
methods approach with attention to behavioral science, human
factors, and systems engineering.66 Existing stewardship interven-
tions need refinement to improve their impact and efficiency
across different healthcare settings and disciplines while new strat-
egies to change prescriber behavior are identified and evaluated.
Second, research is needed to define the factors that shape the
sustainability of AS interventions once implemented. Third, there
is a need for evidence that demonstrates the optimal configuration
of personnel needed to lead stewardship across healthcare settings
with variable resources. Much of healthcare is now provided
outside of hospital settings. Stewardship interventions that are
effective in nonhospital settings are poorly defined. Research
priorities regarding interventions for nonhospital settings are
further highlighted in Box 1.

Antibiotic stewardship interventions

Current guidelines on the implementation of ASPs for acute-care
hospitals include descriptions of numerous strategies to optimize
antibiotic use.8 These strategies can be categorized as either restric-
tive (eg, prior authorization) or persuasive (ie, do not force a
certain behavior, but rather “nudge” it such as with prospective
audit with feedback [PAF]) based upon the mechanism used to
change prescriber behavior.65 The evidence supporting audit and
feedback in acute-care settings is robust.74 A systematic review
of hospital-based AS interventions demonstrates that both restric-
tive and persuasive interventions increase adherence to prescribing
guidelines but that adding a persuasive component to restrictive
interventions enhances their effect.65

Although increasing evidence indicates that AS strategies are
effective, understanding of which combinations of strategies are
most effective is lacking, especially accounting for the impact on
patient outcomes, resistance, and cost.75 Prospective audit with
feedback improves antibiotic prescribing, but it is labor intensive,
typically involving a review of cases by dedicated practitioners.76

Research to increase the efficiency of this strategy is needed to
allow broader implementation. Peer comparison of antibiotic
use via personalized e-mail reports have facilitated improved
prescribing in the outpatient setting.77,78 Combining peer compari-
son with PAF in inpatient settings may lead to greater improve-
ments in antibiotic use than either method alone. Delivering
feedback via in-person rounding with prescribing clinicians
(eg, “handshake stewardship”) has shown promise, but further
study in facilities with a range of resources available is needed
before it can be widely implemented.79,80

Providing clinicians with information at the point of prescrip-
tion via computerized decision support (CDS) has the potential to
improve antibiotic prescribing.81 For example, an organization’s
electronic medical record (EMR) could facilitate antibiotic time-
outs, dose optimization, and de-escalation.82 Data available in
the EMR could also be leveraged to develop validated risk scores
for risk of antibiotic-resistant organisms and to aid in empiric anti-
biotic selection and subsequent de-escalation. Development of

CDS-based strategies that ignore the sociotechnical context
frequently lead prescribers to work around or ignore them.83

High-quality comparative studies are needed to identify the most
effective CDS-based AS interventions, with accompanying imple-
mentation strategies to optimize prescriber engagement.81,84,85 In
addition, the impact of implementing CDS in healthcare settings
that lack trained AS professionals (eg, postacute care and small
rural hospitals) needs to be evaluated.

Emotional factors, such as clinicians’ fear of the “worst-case
scenario,” their fear of possible negative patient satisfaction scores
if they withhold antibiotic therapy, or their desire to avoid conflict
with a demanding patient, have been demonstrated to drive anti-
biotic overuse.86–88 Antibiotic prescribing in inpatient settings is
sensitive to the social dynamics within groups of clinicians, includ-
ing hierarchy, professional power, and shared accountability.89,90

Research is needed to assess the feasibility and effectiveness of
stewardship interventions that target social and emotional dynam-
ics. Stewardship interventions in nonhospital settings that target
clinician-patient and clinician-caregiver communication behav-
iors, particularly during care transitions, are needed.91–93 Inte-
rvention trials evaluating communication techniques that both
reduce antibiotic prescribing and maintain patient satisfaction
are critical for frontline prescribers, and early studies have demon-
strated promise.94 Although promising examples of investigators
adapting and reporting behavioral economics principles in stew-
ardship research are available, future work must describe the

Box 1. Antibiotic stewardship research gaps for interventions in non-hospital
settings

1. Ambulatory Care: While there has been a number of high-quality studies
exploring the usefulness of antibiotic stewardship interventions pertain-
ing to acute respiratory tract infections, there are a number of critical
questions left unanswered.67,68

a. What can outpatient antibiotic stewardship programs do to address
appropriate prescribing for other community-acquired infections,
such as urinary tract infection and skin and soft tissue infections?

b. How can patient expectations be met while antibiotic stewardship
principles are being upheld?69

c. How can public health campaigns influence antibiotic-prescribing
behaviors over the long-term?

2. Emergency Departments: Antibiotic stewardship research involving the
emergency department has generally been of poor quality.70 We identify
several gaps including:
a. What is the role of multi-disciplinary teams in antibiotic stewardship,

and which healthcare professional should be involved in the stew-
ardship intervention?

b. Are stewardship strategies that have proven effective in primary care
also prove effective in the ED?

3. Long-Term Care: Antibiotic stewardship research in long-term care facili-
ties is limited, and has had mixed results.71,72 Although the influences of
antibiotic prescribing in long-term care is viewed to be multifactorial,
prescriber factors appear to be dominant.73 Research priorities (consid-
ering both short-stay and long-stay residents) include:
a. How can hospitals and post-acute care nursing facilities collaborate

toward antibiotic stewardship goals?
b. What are the most effective stewardship strategies for long-term

care?
c. When cultures from non-sterile body sites are positive, how can cli-

nicians more effectively distinguish infection from colonization, par-
ticularly in mentally impaired patients who cannot report
symptoms?

d. How can the nursing staff be incorporated into stewardship efforts
and what tools can be developed to improve communication
between the nursing staff and antibiotic prescribers?

e. How can antimicrobial stewardship be integrated within Quality
Assurance Performance Improvement activities
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behavioral components of interventions with specificity and
precision.77,95–97

Sustainability of stewardship interventions

Studies evaluating the benefit of inpatient stewardship interven-
tions have demonstrated significant short-term reductions in anti-
biotic prescribing and hospital length of stay without increasing
mortality or otherwise adversely impacting patient outcomes.98–101

Other studies have provided some limited evidence of short-
term improvements in both long-term care and ambulatory
settings.102,103 The evidence supporting the utility of ASPs in the
emergency department is less clear.104 Analysis has typically been
restricted to the period immediately following the intervention,
with limited evaluation of the sustained impact during a mainte-
nance period, such as a re-evaluation 3 years or more after the
intervention. Changing the behavior of prescribers does not
happen spontaneously, and it may be difficult to sustain improve-
ments in prescribing over time as clinicians fall back into old
patterns, especially as the intensity of the original intervention
has decreased.105–107

Personnel for effective stewardship programs

Infectious diseases (ID) physicians and pharmacists have largely
taken a leadership role in stewardship activities to date. There is
a research gap, however, in how to conduct stewardship within
healthcare facilities that have limited or no access to ID expertise.
Some remote ID specialists have been able to externally facilitate
local stewardship activities in hospital settings with limited resour-
ces.108,109 Future studies should describe how this approach
influences both antibiotic prescribing and related clinical out-
comes. Additionally, the role of remote expertise in support of
stewardship implementation in postacute care facilities can be
immensely beneficial and efficient but has not been adequately
evaluated.110,111

Future research should also identify effective ways to train non-
ID healthcare personnel to support local stewardship activ-
ities.101,112 Nurses have largely been absent from the AS landscape,
even though engagement with nurses may prove a promising
method of improving stewardship capacity in a variety of
settings.113 More research needs to be conducted to determine
how best to engage bedside nurses in stewardship activities and
the specific roles they could play.114 Furthermore, since antibiotics
are prescribed by medical and surgical specialists and subspecial-
ists, strategies to engage these professions in AS need to be devel-
oped and evaluated.

As facilities increasingly develop their own stewardship
programs, there is a need to better define how stewardship
programs should be effectively resourced and managed at the
organizational level.115–117 Studies should clarify the amount and
type of staffing (full-time equivalents [FTE]) a facility should
devote to stewardship activities, accounting for the size of the
facility, the complexity of the patient population, the utilization
of antibiotics, and the availability of other relevant resources
(eg, informatics) that correlate with improved outcomes before sat-
uration is observed.118 Furthermore, studies quantifying the
human resource needs of different stewardship strategies and their
relative impact can help programs, administrators, and regulators
make evidence-based decisions in program development and regu-
latory requirements.

Antibiotic stewardship metrics

Currently, there is no globally accepted metric to assess the success
of an ASP.119–121 Instead, ASPs rely on available data and resources
to determine the impact of AS interventions. This lack of consis-
tency limits generalizability and limits data aggregation for system-
atic reviews and meta-analyses of multiple studies. The need for
valid and reliable metrics to assess the clinical impact of AS efforts
is critical to advancing the science of this discipline.

Antibiotic use and process measures

Although antibiotic utilization alone does not adequately quantify
the multifaceted goals of ASPs, it is the most commonly tracked
process metric. Work to quantify and compare antibiotic use is
in its early stages for acute-care hospitals in the United States.
As more hospitals participate in the National Healthcare Safety
Network (NHSN) Antimicrobial Use (AU) Option, comparisons
to national estimates should become more valuable; however,
the current methods for such comparisons have yet to be validated,
and efforts to optimize metrics are warranted. Developing and
applying standardized approaches to epidemiology and antibiotic
use reports is necessary.122 Research should aim to define relevant
patient- and facility-level risk adjustment variables to allow for
meaningful benchmarking of antibiotic use.123,124 This work will
be essential before stewards can widely adopt the CDC’s standard-
ized antibiotic administration ratio (SAAR) metric for active use in
program assessments.125

Epidemiologic investigations into antibiotic use among post-
acute care and long-term care settings are needed, both to better
define areas of opportunity and to better understand antibiotic
use trends. Studies that help refine preprescribing processes to
reduce inappropriate investigations and test interventions that
target postprescribing decision making, such as de-escalation,
will be important to changing practice. Defining and validating
definitions for antibiotic use such as “targeted,” “de-escalated,”
“appropriate,” and “adequate” therapy are needed.9,11 Future
multisite studies should evaluate the effects of stewardship inter-
ventions on facility-level and patient-level outcomes including
healthcare costs, rates of C. difficile infections, and antibiotic
resistance. In outpatient settings, the optimal metric for antibiotic
use remains unclear. Experts have proposed using an antibiotic-
prescribing rate (eg, antibiotic prescriptions divided by prede-
fined patient-visit type).126,127 Additional study is needed to
further refine outpatient prescribing metrics so they are directly
actionable; are not prone to variation due to differences in billing
practices; and can better direct antibiotic surveillance in primary
care, emergency departments, urgent care clinics, retail clinics,
and virtual visits.

Novel process measures also require standard definitions, val-
idation, assessments of feasibility, and testing for their effect on
clinical outcomes.128 For example, de-escalation is a core principle
of AS but is a general concept, has many interpretations, and lacks
a universal definition and method of measurement. Once defined,
robust studies can evaluate the impact of de-escalation in the set-
ting of absent or negative cultures to hopefully further promote this
practice as both achievable and safe. In addition, hospital-based
ASPs infrequently measure antibiotics prescribed (and their dura-
tion) at the time of hospital discharge, a large proportion of which
are inappropriate.129,130 Further study is needed to capture these
data to develop interventions that improve antibiotic prescribing
upon hospital discharge.
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Clinical outcome measures

Evaluation of the effectiveness of ASPs needs to move from process
to outcome measures.65,131,132 The stated goals of ASPs are to
reduce antibiotic resistance, adverse drug effects, and secondary
unintended consequences (eg, CDI). As such, future research
needs to focus on the development of objective, well-defined,
and standardized outcome measures. Making these fully accessible
via the EMR is an additional research imperative.133

Significant variability exists in the clinical outcomes assessed in
AS studies. Clinical outcomes can include clinical cure/failure,
mortality (all cause, infection-related, antibiotic resistance-related),
length of stay, hospital readmission rates, antibiotic resistance,
incident CDI rates in both the hospital and the community, and
antibiotic-related adverse events. Outcome measures, however,
are problematic for a variety of reasons: (1) they are influenced
by non-ASP interventions, (2) they may be dependent on nonmo-
difiable factors such as patient case mix and local epidemiology,
(3) they are rare events requiring large sample sizes, and (4) they
may require significant time after an intervention before an effect
is observed. Several groups have proposed outcome measures to
assess ASP impact on clinical outcomes in the acute-care setting,
but no consensus on specific measures or definitions has been
reached.120,134 Developing a core set of standardized clinical out-
come variables for which stewardship studies can be appropriately
designed and powered will drive research to identify themost effec-
tive AS interventions in diverse healthcare settings.

It is also critical to measure outcomes associated with AS inter-
ventions that may extend beyond the encounter when antibiotics
were prescribed. Prior stewardship interventions have indicated
that there is no short-term impact on mortality, but adequate
evaluation of post-discharge events, including acquisition of resist-
ant pathogens, requires longer follow-up and may not have been
captured.98,109,135 With clear outcome definitions that can be
tracked longitudinally after a stewardship intervention, studies
could evaluate the impact stewardship interventions have on unin-
tended or avoidable ED or clinic visits, readmissions to the hospi-
tal, and the impact on intestinal bacterial diversity (including
incident colonization/infection with multidrug-resistant organ-
isms), in addition to mortality.101,103

Antibiotic stewardship study design and methods

Researchers face multiple challenges in performing high-impact
research due to the complex, multilevel nature of AS practice.
Many AS interventions are targeted at the provider or system level
and not at the patient level. This disconnect in the level of inter-
vention and level of outcome assessment causes complexity in
evaluating effects of interventions due to correlation resulting from
clustering. In addition, system-, hospital-, clinic-, and provider-
level interventions that change healthcare delivery processes make
blinding the allocation of the intervention impossible. Finally,
studies of impact on rarer clinical outcomes such as antibiotic re-
sistance, require larger populations andmultiple practice locations.
Therefore, robust assessments of AS interventions require more
financial resources and investments in research infrastructure.

Study design and methods tailored to evaluate AS interventions
should address several aims. First, investigations must improve the
quality of small or single-center quasi-experimental studies by
standardizing AS-focused process metrics and reporting important
patient-focused outcomes, as discussed above, in addition to process
and implementation metrics. Existing meta-analyses of stewardship
interventions have generally found large degrees of heterogeneity,

mostly due to the variability of methods employed as the collective
“intervention” and the variety of outcomemetrics utilized.65,101,136,137

Second, methods to identify and avoid major sources of selection,
information, and confounding biases in quasi-experimental and
observational studies should be better defined with an AS focus.138

Third, evaluation of new initiatives in the context of established,
ongoing AS activities will need to be carefully interpreted to
understand the incremental changes observed with new activities.

Comparative effectiveness studies evaluating clinical outcomes
as a function of antibiotic exposure are less prone to bias when
patients are randomized to treatment assignment. For large-scale
studies, multisite cluster randomization, crossover, time-series
analysis, or stepped-wedge designs could potentially avoid biases
in pragmatic trials of system- or practice-level interventions; how-
ever, such studies require defined methods for power calculation,
estimates of intracluster correlations, and handling of time-related
effects (eg, seasonality). Study design and statistical methods
should aim to address the need to improve sample size efficiency,
account for correlation commonly present in AS studies, andweigh
competing risks, using novel approaches.139

Conclusion

Antibiotic resistance is a growing problem, often driven by unnec-
essary and inappropriate antibiotic use, andAS is necessary to opti-
mize antibiotic use through evidence-based interventions.
Research in AS is entering an exciting era as we move away from
demonstrating the need for AS and toward research with a focus on
improving patient outcomes. We have identified 4 research prior-
ities: (1) development of evidence supporting best clinical practices
in a variety of settings and patient populations (ie, what to do);
(2) assessment of optimal approaches to implement AS practices
in diverse settings, with a focus on behavioral change, sustainabil-
ity, and personnel (ie, how best to do it); (3) development of stand-
ardized, valid and reliable process and outcome metrics to support
AS efforts, supported by information technology infrastructure
and analytics (ie, how to measure what you are doing); and
(4) approaches to advanced study design with appropriate analytic
methods (ie, how to determine effective methods to continually
improve stewardship practices). Although this report does not out-
line all gaps in the evidence for AS, it highlights critical research
needs at the vanguard for supporting high-quality patient care
and public health.
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