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Antimicrobial resistance has emerged as a significant healthcare quality and patient safety issue in the twenty-first century that, combined
with a rapidly dwindling antimicrobial armamentarium, has resulted in a critical threat to the public health of the United States. Antimicrobial
stewardship programs optimize antimicrobial use to achieve the best clinical outcomes while minimizing adverse events and limiting selective
pressures that drive the emergence of resistance and may also reduce excessive costs attributable to suboptimal antimicrobial use. Therefore,
antimicrobial stewardship must be afiduciaryresponsibility for all healthcare institutions across the continuum of care. This position
statement of the Society for Healthcare Epidemiology of America, the Infectious Diseases Society of America, and the Pediatric Infectious
Diseases Society of America outiines recommendations for the mandatory implementation of antimicrobial stewardship throughout health
care, suggests process and outcome measures to monitor these interventions, and addresses deficiencies in education and research in this
field as well as the lack of accurate data on antimicrobial use in the United States.
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It is widely acknowledged that the availability of effective
antimicrobial therapy is one of the most important developments in clinical medicine. The harnessing of antibacterial
agents for clinical use began during the 1930s-1940s, when
sulfonamides, penicillin, and streptomycin became available.
It was recognized early that bacteria exposed to antimicrobial
agents evolved strategies to survive them, raising the concern
that these agents should be used carefully in order to preserve
their effectiveness. Sir Alexander Fleming made the following
cautionary statements on June 26,1945, in a New York Times
article "... the microbes are educated to resist penicillin and
a host of penicillin-fast organisms is bred out....In such cases
the thoughtless person playing with penicillin is morally responsible for the death of the man who finally succumbs to
infection with the penicillin-resistant organism. I hope this
evil can be averted."1
In the latter half of the twentieth century, a large number
of antimicrobial products, including synthetic compounds,
became available for clinical use. The ability to control infections through the use of antimicrobial agents has had a
major impact in all clinical areas, but particularly in surgery,
transplantation medicine, oncology, and intensive care medicine. Penicillin resistance in Staphylococcus aureus was initially detected in clinical specimens in 1945, and resistance

to methicillin emerged in 1961.2'3 By 1999, methicillin resistance in S. aureus was observed in over 53% of S. aureus
isolates obtained from patients in intensive care units in a
US surveillance system.4 Strains of mefhicillin-resistant S. aureus (MRSA) emerged in the 1990s as causes of infections in
community-residing patients and became common in most
geographic areas in the United States in 2000.5"7
The past 30 years have brought multidrug-resistant pneumococci, gonoccocci, and Salmonella spp. and extremely
drug-resistant tuberculosis to patients in the community.8"11
Vancomycin-resistant enterococci and vancomycin-resistant
S. aureus have also emerged.12"14 Extremely drug-resistant
gram-negative bacteria, such as carbapenemase-producing
Klebsiella pneumoniae and other carbapenem-resistant Enterobacteriaceae spp., extended-spectrum beta-lactamase-producing Enterobacteriaceae, Pseudomonas aeruginosa, and Acinetobacter baumanii have spread widely among patients in
healthcare settings; in some cases these pathogens have been
panresistant, that is, resistant to all available antibiotics.15"22
Unfortunately, during the last decade there has also been
a dramatic drop in the development and approval of new
antibacterial agents.23 The antimicrobial armamentarium has
been depleted and our ability to treat infectious diseases has
been severely compromised. Resistant infections not only re-
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suit in increased morbidity and mortality but also dramatically increase healthcare costs.24"28 It is ironic that in the
twenty-first century we are encountering bacterial infections
for which we have no treatment. A multifaceted approach is
necessary to prevent, detect, and control the emergence of
antimicrobial-resistant organisms. This includes ensuring the
availability of adequate and appropriate therapeutic agents,
the existence of diagnostic capacity to rapidly and reliably
detect specific pathogens and their antimicrobial susceptibilities, and the promotion of robust infection prevention,
control, and antimicrobial stewardship programs. This document focuses on issues relating to antimicrobial stewardship.
Other issues important to the emergence, transmission, and
management of antimicrobial resistance are addressed elsewhere.29'30'34
The Society for Healthcare Epidemiology of America
(SHEA) and the Infectious Diseases Society of America
(IDSA) recognized these needs in 1997 with the publication
of "Guidelines for the Prevention of Antimicrobial Resistance
in Hospitals."31,32 In 2007, these societies promoted the concept of antimicrobial stewardship when they issued "Guidelines for Developing an Institutional Program to Enhance
Antimicrobial Stewardship,"33 which discusses the development of multidisciplinary teams in acute care settings to review and improve antimicrobial use and improve patient care.
A recent IDSA policy paper titled "Combating Antimicrobial
Resistance: Policy Recommendations to Save Lives" has been
issued.34 It urges a strengthening of US efforts to improve
prevention and control efforts, including the adoption of antimicrobial stewardship programs in all US healthcare facilities. Other recommendations include research to define optimal elements and goals of antimicrobial stewardship
programs in different healthcare settings, expanded educational efforts on antimicrobial stewardship, novel mechanisms to prevent the overprescription of newly approved antibacterial agents, and the development of new antibacterial
therapies, vaccines, and rapid, point-of-care diagnostic tests
that would enable appropriate care, including the avoidance
of antibacterial agents for viral etiologies.
In recognizing the importance of antimicrobial stewardship
as it relates to children, the Pediatric Infectious Diseases Society (PIDS) has developed an annual meeting to address the
importance of antimicrobial stewardship for children. PIDS
and SHEA have partnered to form a joint antimicrobial stewardship committee to address inpatient antibiotic use, outpatient antibiotic use, antimicrobial stewardship in special
populations, education involving antibiotic use, and research
on antibiotic use and stewardship. In this joint SHEA-IDSAPIDS position paper, we focus on the need for public policy
around the issue of antimicrobial stewardship.
DEFINITION

Antimicrobial stewardship refers to coordinated interventions
designed to improve and measure the appropriate use of an-
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timicrobial agents by promoting the selection of the optimal
antimicrobial drug regimen including dosing, duration of
therapy, and route of administration. The major objectives
of antimicrobial stewardship are to achieve best clinical outcomes related to antimicrobial use while minimizing toxicity
and other adverse events, thereby limiting the selective pressure on bacterial populations that drives the emergence of
antimicrobial-resistant strains. Antimicrobial stewardship
may also reduce excessive costs attributable to suboptimal
antimicrobial use.
RECOMMENDATIONS

1. Antimicrobial Stewardship Programs Should Be
Required through Regulatory Mechanisms
At present there are no national or coordinated legislative or
regulatory mandates designed to optimize the use of antimicrobial therapy through antimicrobial stewardship. Legislation is also limited at the state level.
California Senate Bill 739 mandated that by January 1,
2008, the California Department of Public Health (CDPH)
require that all general acute care hospitals develop a process
for evaluating the judicious use of antibiotics, the results of
which shall be monitored jointly by appropriate representatives and committees involved in quality improvement activities. While this is the first legislative mandate of its kind,
it does not specify that hospitals must intervene to improve
antimicrobial use, that is, to have an antimicrobial stewardship program. Thus, the CDPH is learning that given the
nonspecific wording used in the mandate, many hospitals are
able to meet this requirement without having an antimicrobial
stewardship program that meets the objectives as defined
above. On the other hand, successful antimicrobial stewardship programs in California are varied, utilizing different
combinations of staff, strategies, and criteria; therefore,
changing the regulation to be too specific may prevent
resource-limited hospitals from developing robust antimicrobial stewardship programs on the basis of facility-specific
attributes.
In a preliminary assessment of acute care hospitals in California, 23% of hospitals reported being influenced to start
an antimicrobial stewardship program because of Senate Bill
739. Lessons learned from statutory requirements in California include that regulatory mandates are important in convincing hospital administration to fund and staff antimicrobial stewardship programs. It is important to use the wording
"antimicrobial stewardship program" in the regulation, as
defined above, but it is also important to allow hospitals the
flexibility to define how their facility can best meet the objectives of an antimicrobial stewardship program. Inasmuch
as current legislation is limited to a single state and focuses
only on institutional evaluation of antimicrobial use in hospitals, we support broad implementation of comprehensive
antimicrobial stewardship programs across all healthcare settings. Antimicrobial resistance is a critical issue that signifi-
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cantly impacts healthcare quality, patient safety, and public
health. As such, antimicrobial stewardship and other efforts
to limit the emergence and transmission of antimicrobial resistance must be viewed as the fiduciary responsibility of all
healthcare institutions across the continuum of care.
SHEA, IDSA, and PIDS recommend that the Centers for
Medicare and Medicaid Services (CMS) require participating
healthcare institutions to develop and implement antimicrobial stewardship programs. This can be achieved by incorporating the requirement into existing regulations via expansion of interpretive guidelines of the relevant regulation(s).
All healthcare facilities, including hospitals, long-term care
facilities, long-term acute care facilities, ambulatory surgical
centers, and dialysis centers should develop and implement
an antimicrobial stewardship plan that is modeled after the
IDSA and SHEA "Guidelines for Developing an Institutional
Program to Enhance Antimicrobial Stewardship."33 Minimum requirements for the program should include:
A. Creation of a multidisciplinary interprofessional antimicrobial stewardship team that is physician directed or supervised. At a minimum, 1 or more members of the team
should have training in antimicrobial stewardship. The
number of team members may vary on the basis of the
size and complexity of the facility. Team members should
include but are not limited to:
•
•
•
•

A physician.
A pharmacist.
A clinical microbiologist.
An infection preventionist.

B. A formulary limited to nonduplicative antibiotics with
demonstrated clinical need.
C. Institutional guidelines for the management of common
infection syndromes.
D. Additional interventions to improve the use of antimicrobials, including those designed to detect and eliminate:
• Multidrug regimens with unnecessarily redundant antimicrobial spectra.
• Antibiotic therapy for the management of nonbacterial
syndromes or cultures that represent contamination or
routine colonization.
• Empiric regimens that are either inadequately or excessively broad spectrum for infection syndromes.
• Regimens that do not adequately treat infections caused
by culture-confirmed pathogens.

mentation, and monitoring of antimicrobial stewardship
plans and programs over time by requiring additional activities. Such measures may include:
A. Reporting to the Antimicrobial Use and Resistance option
of the Medication-Associated Module of the Centers for
Disease Control and Prevention's (CDC's) National
Healthcare Safety Network (NHSN).
B. Prospective surveillance and concurrent intervention for
the inappropriate use of antimicrobial agents.
C. National benchmarking of antimicrobial use at the institutional level based on acuity of care and patient mix.
D. Relevant future outcome measures, which may include:
• Prevalence and incidence of drug-resistant phenotypes
among common clinical pathogens (eg, carbapenemresistant Enterobacteriaciae, carbapenem-resistant Acinetobacter, extensively drug-resistant Pseudomonas,
MRSA).
• Incidence of diarrhea caused by Clostridium difficile.
• Rates of adverse antimicrobial drug reactions and
interactions.

2. Antimicrobial Stewardship Should Be Monitored in
Ambulatory Healthcare Settings
Effective mechanisms do not currently exist to optimize antimicrobial use in ambulatory healthcare settings. Ambulatory
settings include but are not limited to outpatient clinical practices, ambulatory surgical centers, and dialysis centers. Inasmuch as these settings account for a significant portion of
the antimicrobial use in the United States and there is ample
evidence that antimicrobial resistance is emerging as a problem in the community, effective and efficient antimicrobial
stewardship initiatives must be developed for these settings.
Additionally, such a focus coincides with and complements
the implementation of tier 2 of the Department of Health
and Human Services' Action Plan to Prevent HealthcareAssociated Infections.35 Therefore, SHEA, IDSA, and PIDS
believe that federal agencies such as the Agency for Healthcare
Research and Quality (AHRQ), the Office of the National
Coordinator for Health Information Technology, CMS, the
National Institutes of Health (NIH), and CDC should fund
pilot projects designed to develop and implement antimicrobial stewardship in ambulatory settings. We believe that expanded utilization of electronic health records (EHRs) offers
great potential in this regard. Areas of study may include:

E. Processes to measure and monitor antimicrobial use at
the institutional level for internal benchmarking.
F. Periodic distribution of a facility-specific antibiogram indicating the rates of relevant antibiotic susceptibilities to
key pathogens.

• Integration of clinical decision support technology into
EHRs.
• Integration of clinical decision support technology into eprescribing mechanisms.

CMS should seek to improve the development, imple-

If these interventions are validated in these pilot project
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programs, then we support the subsequent integration in the
CMS requirement for meaningful use of EHRs.

ication-Associated Module of the CDC's NHSN may accomplish this goal.

3. Education about Antimicrobial Resistance and
Antimicrobial Stewardship Must Be Accomplished

5. Research on Antimicrobial Stewardship Is Needed

SHEA, IDSA, and PIDS believe that significant knowledge
deficits in the areas of antimicrobial resistance and antimicrobial stewardship are prevalent among healthcare providers
in the United States. Educational programs should be developed for those in training programs as well as for all prescribing clinicians that teach about the science behind, the
principles of, and the tools essential for the practice of effective antimicrobial stewardship. Education about antimicrobial resistance and stewardship should be incorporated
into curriculum requirements for medical students and postgraduate residents and fellows. It is crucial that currently
practicing clinicians become proficient in these areas. In addition to ensuring that these areas are included in curricula
and programs for those in training, there are a number of
ways in which proficiency may be accomplished for practicing
clinicians, including partnering with specialty societies and
the Food and Drug Administration (FDA) to provide educational resources. Moreover, as a part of the drug-review
process, pharmaceutical sponsors should include a plan to
educate healthcare providers about both the optimal use of
the drug and precautions that reduce the emergence of antimicrobial resistance.
Individual facilities should be responsible for supporting
the education of the members of the antimicrobial stewardship team. Antimicrobial stewardship is a patient safety
issue and a public health issue and must be taken seriously
in all aspects of the continuum of patient care. Additionally,
because of the gravity of the problems with antimicrobial
resistance that confront society and the paucity of readily
available clinical solutions, SHEA, IDSA, and PIDS support
appropriations to fund these education initiatives.
4. Antimicrobial Use Data Should Be Collected and
Readily Available for Both Inpatient
and Outpatient Settings
Accurate and readily available data to track and benchmark
antimicrobial use is currently lacking in the United States.
The United States is unique among developed countries in
that there is no access to these data. We believe that these
data are critical to being able to monitor antimicrobial use
and its relationship to antimicrobial resistance, and therefore
we advocate for a reliable and accurate national system for
collecting data on antimicrobial use. When this system is
developed, validated, and operationalized, antimicrobial use
can be benchmarked, and these data should be utilized as a
component of an incentive-based payment system. Reporting
to the Antimicrobial Use and Resistance option of the Med-

Significant knowledge gaps exist in our understanding of antimicrobial resistance and interventions to limit both the
emergence and the transmission of resistance, as well as in
our ability to measure associated impacts and clinical outcomes in these areas. SHEA, IDSA, and PIDS believe that we
must refocus translational research efforts in order to answer
these questions that are critical to our future ability to effectively treat and manage infectious diseases in the United
States. All areas of the translational research paradigm must
be addressed, ranging from basic bench science and epidemiologic investigations (TO) to implementation science (T4).
Two primary issues of equal importance must be considered
in this regard: (1) the benchmarking of antimicrobial use
within and between institutions, and the most effective and
efficient interventions to optimize these measures; and (2)
the development of clear, well-defined, and validated process
and outcome measures that may be utilized to assess the
clinical impact of stewardship efforts. Initial research proposals should focus on but not necessarily be limited to the
following critical issues:
A. Research is needed to develop a standardized definition
of both appropriate and inappropriate antimicrobial use,
clear and unambiguous measures of such use, and the risk
factors that promote the unnecessary overuse and abuse
of antimicrobial therapy. Standardized data collection
tools should also be developed to facilitate measurement
and interpretation of antimicrobial use data by both government and professional agencies. Furthermore, delineation of the primary drivers of inappropriate antimicrobial use and the relative contribution of individual risk
factors that contribute to this outcome are essential to the
development of the most effective interventions to prevent
these prescriptions.
B. Patient-centered outcomes research is needed to determine the most effective and cost-efficient deployment of
antimicrobial stewardship interventions in different
healthcare settings. To date, research in these areas has
been plagued by poor study design issues and an absence
of standardized definitions. Specifically, current research
efforts demonstrate selection biases, insufficient power to
answer proposed questions, varying duration of interventions, failure to deal with confounding variables, failure
to measure compliance with the intervention processes,
and a lack of generalizability. Therefore, SHEA, IDSA, and
PIDS recommend using robust study designs that include
multicenter randomized-cluster-designed studies that
compare stewardship interventions across various healthcare settings as well as the impact of these interventions
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on epidemic and endemic antimicrobial resistance within
single and across multiple institutions.
C. Research is needed to develop and validate clear and welldefined process and outcome measures that may be utilized to assess the impact of antimicrobial stewardship
interventions both within and across various healthcare
settings. While it is critical to understand the impact of
antimicrobial stewardship on epidemic and endemic resistance rates both within and between healthcare institutions, we must also develop and validate additional surrogate markers of success. Such measures may include but
are not limited to rates of C. difficile infection, time to
administration of appropriate therapy, adverse drug reactions or interactions related to antimicrobial therapy,
drugs administered to patients with documented allergies,
multidrug regimens with redundant antimicrobial spectra,
regimens that are either inadequate or excessive, and duration of intensive care and overall hospitalization for
patients treated with antimicrobials.
D. SHEA, IDSA, and PIDS believe that it is critical that the
United States develop accurate measures of antimicrobial
use such as those available in most other developed countries. Such measures can be used to track antimicrobial
utilization and correlate such use with emerging antimicrobial resistance patterns. Therefore, an accurate understanding of antimicrobial use data may be used to
develop and implement regional targeted interventions to
limit the transmission of emerging multidrug-resistant organisms. As noted above, these data may be obtained
through annual national point-prevalence surveys of antimicrobial use and/or by reporting to the Antimicrobial
Use and Resistance option of the Medication-Associated
Module of CDC's NHSN. However, research is needed to
determine the validity of both data sets across the continuum of care. For instance, one may prove to be a more
accurate representation of antimicrobial use in hospitalized patients whereas the other may more precisely reflect
antimicrobial use in the community.
E. Research is required to understand the impact of the use
of generic versus branded antimicrobial agents on how
antibiotics are used.
F. Research is needed to develop and evaluate accurate, easyto-use, rapid point-of-care diagnostic tests so that antibacterial therapy can be avoided when a viral etiology is
identified and used appropriately as indicated by specific
bacterial etiologies. The scientific issues surrounding the
development and use of such rapid diagnostics are discussed in 2 other IDSA position papers.34'36 In addition,
further research into the use of biomarkers (such as procalcitonin) that can help to distinguish bacterial from viral
disease would be useful in optimizing the use of antibacterial agents, including determining the appropriate duration of therapy.37
Finally, it is imperative that the appropriate federal agen-

cies, such as CDC, AHRQ, FDA, and NIH, receive adequate
appropriations to fund these research efforts.
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