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Abstract

Background: As nurse practitioners and physician assistants (APPs) become more prevalent in delivering pediatric care, their involvement in
antimicrobial stewardship efforts increases in importance. This project aimed to create and assess the efficacy of a problem-based learning
(PBL) approach to teaching APPs antimicrobial stewardship principles.

Methods: A PBL education initiative was developed after communicationwith local APP leadership and focus group feedback. It was offered to
all APPs associated with Lurie Children’s Hospital of Chicago. Participants completed a survey which assessed opinions on antimicrobial
stewardship and included knowledge-based questions focused on antimicrobial stewardship. Prescriptions for skin and soft tissue infections
associated with APPs were recorded via chart review before and after the education campaign.

Results: Eighty APPs participated in the initial survey and teaching initiative with 44 filling out the 2-week follow-up and 29 filling out the
6-month follow-up. Subjective opinions of antimicrobial stewardship and comfort with basic principles of AS increased frompre-intervention.
Correct responses to knowledge-based assessments increased from baseline after 2-week follow-up (p< 0.01) and were maintained at the
6-month follow-up (p= 0.03). Simple skin and soft tissue infection prescriptions for clindamycin went from 44.4% pre-intervention to
26.5% (p= 0.2) post-intervention.

Conclusions: A PBL approach for APP education on antimicrobial stewardship can be effective in increasing knowledge and comfort with
principles of antimicrobial stewardship. These changes are maintained in long-term follow-up. Changes in prescribing habits showed a strong
trend towards recommended empiric therapy choice. Institutions should develop similar education campaigns for APPs.
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Introduction

Antimicrobial resistance is a public health crisis that will only
worsen over time without sustained intervention. Antimicrobial
stewardship programs have been shown to optimize antimicrobial
prescribing and are recognized as key in preventing the develop-
ment of resistant organisms.1 Education initiatives are regarded as
central to successful implementation of stewardship interventions
but are considered to be insufficient if implemented alone.2,3

However, these initiatives are viewed as an important first step
when establishing an antimicrobial stewardship program with a
new population.2

Nurse practitioners (NPs) have high rates of antibiotic use
compared to other prescriber groups, although the rates may differ
by subspecialty and practice setting.4 However, like physicians, the
rate of inappropriate use varies between individual prescribers with

substantial areas for improvement.5–7 At most institutions, there
has been increased emphasis on narrowing the gaps in knowledge
about antimicrobial stewardship among MDs and DOs, but NPs
are underutilized as collaborators for successful antimicrobial
stewardship interventions. Unfortunately, there are limited
published data on methodologies and outcomes related to their
involvement.8–13 Previously published studies have limited their
scope to specific practice settings and have small sample sizes.14

Given diverse learning backgrounds and differential emphasis on
antimicrobial stewardship education in their training, compared to
MDs and DOs, it is important to approach education implemen-
tation with a collaborative and tailored approach.15,16

In this study, we implemented an antibiotic stewardship
education curriculum targeted to advanced practice providers
(NPs and physician assistants (PAs)). Our course was a
combination of lecture followed by problem-based learning
(PBL), previously shown to be an effective medical education
approach.17We hypothesized that our intervention would improve
perceptions of antimicrobial stewardship, as well as improve
provider knowledge and antibiotic prescribing for skin and soft
tissue infections.
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Methods

Intervention setting

This study is a prospective study on the implementation and
outcomes related to a novel education initiative on antimicrobial
stewardship principles directed at NPs and PAs. The study took
place within the Ann & Robert H. Lurie Children’s Hospital of
Chicago (Lurie Children’s) system between October 1, 2021 and
March 1, 2023. Lurie Children’s is a quaternary care children’s
hospital, serving the metropolitan Chicago area with a population
of approximately 9 million people.18 Roughly 80,000 visits are
made to the emergency department (ED) and urgent care centers
each year. There are more than 600,000 outpatient visits per year to
14 outpatient and surgery centers throughout the region. There is a
well-established inpatient antimicrobial stewardship program at
the institution, and this program includes regular interval
prospective audit and feedback by a dedicated pediatric infectious
disease physician and pharmacist.

Within the Lurie Children’s Hospital system, there are over 300
advanced practice providers (APPs).19 Upon hire and every 2 years
thereafter, APPs and physicians are required to take a brief web-
based antimicrobial stewardship training module (duration 5 min)
as part of mandatory institutional training. There are several
established clinical care guidelines emphasizing antimicrobial
stewardship principles that are available to all prescribers in
reference to many common pediatric infectious disease diagnoses.
In addition, there are many voluntary opportunities for continuing
medical education (CME) of APPs at Lurie Children’s including
biennial multispecialty APP conferences, financial support for
CME activities, professional development courses, and APRN/PA
grand rounds. APPs are also invited to, and present at, surgical,
medical, and radiology grand rounds.19 However, the 5-minute
training module is the only required form of antimicrobial
stewardship education required at this time.

Education initiative development and implementation

A team comprised of a pediatric infectious diseases fellow and
pediatric infectious disease NP developed the educational
component of the initiative. The topics of the lecture were the
importance of antimicrobial stewardship, the provider’s role,
resources available (ie, antibiograms, antimicrobial susceptibility
reports, and antibiotic prescribing recommendations), and how to
utilize those resources (Supplement 1). The PBL portion was
focused on a case-based implementation of the skills learned with
an emphasis on shifting prescription choice for simple skin and
soft tissue infections (Supplement 2). A specific emphasis was
placed on avoiding inappropriate use of clindamycin given poor
local susceptibility rates. The lecture was then presented to the APP
leadership group at the hospital for feedback. Once that feedback
was incorporated, a focus group comprised of six APPs was
created, and the materials were presented for direct participant
feedback through unstructured interviews. Advice and recom-
mendations from this focus group were then incorporated into the
lecture and PBL component. The initiative was offered on a
volunteer basis for all APPs at the institution for continuing
education credits. One-hour sessions were held monthly between
4/1/2022 and 9/1/2022.

Education initiative survey

Prior to completion of the lecture and PBL, all participants were
asked to complete a REDCap survey with questions about their

area of clinical focus, years of experience, subjective opinions about
antimicrobial stewardship, comfort with antimicrobial steward-
ship principles, and knowledge-based assessments (Supplement 3).
A follow-up survey was sent to participants 2 weeks and 6 months
after completion of the initial survey. Responses to the surveys were
compiled and compared longitudinally.

The survey had 13 questions and took approximately
15 minutes to complete. The first three questions focused
on how effectively the institution teaches the importance of
antimicrobial stewardship. The following four questions
addressed the comfort of practitioners to enact antimicrobial
stewardship principles of various types in both the outpatient
and inpatient environment. The six knowledge-based questions
included two questions about antimicrobial stewardship tools
available and four questions focused on appropriate prescribing
for skin and soft tissue infections based on local antibiotic
susceptibility data.

Medication prescription assessment

Prescriptions for skin and soft tissue infections associated with
APPs, in both the outpatient and inpatient settings, were
retrospectively assessed in the 6 months before (10/1/2021–4/1/
2022) and after (9/1/2022–3/1/2023) the initiative was imple-
mented. Clinical encounters with ICD-10 codes for cellulitis/acute
lymphangitis and cutaneous abscess/furuncle/carbuncle (L03-*
and L02-*) were reviewed and included in the study if an APP (1)
prescribed the medication and/or (2) wrote the note associated
with the clinical encounter. All prescriptions and documentation
were individually reviewed and validated by a pediatric infectious
disease fellow. Exclusion criteria included prescriptions not
associated with an APP, for sepsis, diagnoses other than those of
interest, for patients with concurrent antibiotics at presentation for
the same diagnoses, significant immunocompromise necessitating
alternative antibiotic choice (ie, neutropenic fever and recent solid
organ transplantation), or history of known methicillin-resistant
Staphylococcus aureus (MRSA). The proportion of prescriptions
for clindamycin of total prescriptions was calculated in the
pre- and post-periods.

Database operations and approvals

Study data were collected and managed using REDCap electronic
data capture tools hosted at Northwestern University.20,21

A statement of survey confidentiality was disseminated to all
participants, and the option to withdraw at any time was presented.
Institutional Review Board and nursing research council approval
were obtained for all components of this study.

Statistical methods

Categorical variables were described with counts and proportions.
The primary and secondary outcomes were compared between the
two time points using two-proportion z-tests. All statistical
analyses were conducted using SAS Enterprise Guide v7.1 (SAS
Institute, Inc, Cary, NC).

Results

Participant characteristics

Overall, 81 APPs participated in the study. Seventy-one
participants were NPs and nine were PAs. The mean experience
in their position was 7.0 years, and the median was 4.5 years.
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The largest divisions represented were cardiology/cardiac surgery,
pediatric surgery, critical care, neonatology, oncology, and
emergency medicine (Supplement 4). Forty-four participants
completed the first follow-up survey and 29 completed the second
follow-up survey. Although the surveys were distributed at 2 weeks
and 6 months after the initial session, the mean duration of
response between the initial assessment and the first follow-up
assessment was 21.9 days and between the initial assessment and
the second follow-up assessment was 217.4 days. The response rate
to the first and second follow-up assessments were 54.3% and
35.8%, respectively.

Subjective measures

The percentage of participants who reported being extremely or
very confident with empiric antibiotic choice and interpreting
susceptibility reports increased from the pre-intervention period
(15.0% and 22.5%) to the first follow-up (31.8% and 52.3%) and
was maintained in the second follow-up period (37.9% and 44.8%)
(Table 1). Similar improvement was seen in confidence in both
inpatient and outpatient stewardship from the pre-intervention
period (15.0% and 15.0%) to the first post-intervention period
(36.4% and 27.3%), but there was a decrease seen on the second
assessment (24.1% and 13.8%) (Table 1).

When assessing opinions about the effectiveness of our
institution’s ability to teach the importance of stewardship in
the inpatient and outpatient settings, the percentage of participants
who reported extremely or very effective teaching increased with
minimal subsequent decreases seen in both groups. (Table 2).
Similar increases were seen when assessing how well the institution
teaches the importance of patient education in antimicrobial
stewardship (Table 2).

Knowledge-based test questions

There was improvement in the percentage of correct answers in the
knowledge assessments from baseline (63.5%) to both the first
(81.8%) and second (71.8%) follow-up time points (Table 3).

Prescription changes

Clindamycin prescriptions, as a percentage of all prescriptions for
simple skin and soft tissue infections, were 44.4% prior to the
intervention and 26.5% after the intervention (Table 4).

Discussion

This study demonstrates a potential strategy for the implementa-
tion and assessment of an antimicrobial stewardship curriculum

Table 1. Percentage of participants reporting extremely or very confident in antimicrobial stewardship principles

Category Pre-intervention (n= 81) Follow-up 1 (n= 44) Follow-up 2 (n= 29) Difference (95% CI) P-value

Empiric choice 15.0% 31.8% 17.0% (1.2%, 32.8%) 0.04

Empiric choice 15.0% 37.9% 23.1% (3.8%, 42.4%) 0.02

Inpatient 15.0% 36.4% 21.5% (5.4%, 37.7%) <0.01

Inpatient 15.0% 24.1% 9.3% (−8.1%, 26.7%) 0.29

Outpatient 15.0% 27.3% 12.5% (−2.8%, 27.7%) 0.11

Outpatient 15.0% 13.8% −1.0% (−15.8%, 13.7%) 0.89

Susceptibility 22.5% 52.3% 30.1% (12.7%, 47.4%) <0.01

Susceptibility 22.5% 44.8% 22.6% (2.4%, 42.8%) 0.03

CI = confidence interval.

Table 2. Percentage of participants reporting extremely or very effective institutional teaching of the importance of antimicrobial stewardship by emphasis

Category Pre-intervention (n= 81) Follow-up 1 (n= 44) Follow-up 2 (n= 29) Difference (95% CI) P-value

Inpatient 33.8% 59.1% 25.8% (8.0%, 43.5%) <0.01

Inpatient 33.8% 58.6% 25.3% (4.6%, 45.9%) 0.02

Outpatient 21.3% 43.2% 22.2% (5.1%, 39.3%) 0.01

Outpatient 21.3% 41.4% 20.4% (0.4%, 40.4%) 0.05

Patient education 26.3% 52.3% 28.6% (11.1%, 46.2%) <0.01

Patient education 26.3% 44.8% 18.9% (−1.6%, 39.4%) 0.07

CI = confidence interval.

Table 3. Percentage of correct responses to knowledge-based assessments

Pre-intervention (n= 486) Follow-up 1 (n= 264) Follow-up 2 (n= 174) Difference (95% CI) P-value

305 (63.5%) 216 (81.8%) 19.1% (12.7%, 25.4%) <0.01

305 (63.5%) 125 (71.8%) 9.1% (1.1%, 17.0%) 0.03

CI = confidence interval.
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for APPs. There were statistically significant improvements in six
out of seven subjective measures relating to antimicrobial
stewardship, with only outpatient antimicrobial stewardship
comfort not statistically significantly changing after implementa-
tion. Knowledge-based assessments statistically significantly
improved from pre-intervention to the first post-intervention
period with maintenance of improvement in the second post-
intervention period. There was also a trend towards improved
prescribing habits focused on reduction of clindamycin use in
uncomplicated skin and soft tissue infections.

The role of NP has shifted significantly since its inception in
1965.22 They are now recognized as key partners in the pediatric
healthcare team with contribution to patient education, patient
care, and academic research endeavors.23 Additionally, there has
been continued expansion in the number of states that license NPs
to practice independently, without physician association.24 Similar
practice expansion has occurred with PAs, although it is important
to note that their education and roles are significantly different.25

Given their increasing impact in healthcare, APPs (NPs and PAs)
will need to take on additional responsibility regarding anti-
microbial stewardship.

The Center for Disease Control and Prevention and other
regulatory bodies have emphasized the importance of nurses and
APPs in antimicrobial stewardship, but there have been few
publications addressing implementation and outcomes of efforts
targeting APPs.26 PBL offers a potential methodology that is both
engaging and has been shown to improve problem-solving and
self-learning skills in medical education.17 These skills are key to
improving long-term adherence to antimicrobial stewardship
teachings. This highlights a major strength of our study in
including both short- and long-term follow-up assessments
demonstrating maintenance of attitude and knowledge changes.
Some of the concerns regarding widespread implementation of
PBL-based education models are the increased human resource
requirements and the relative inexperience of faculty with guided
self-learning.17 However, our intervention was effective with only 1
hour of real-time interaction and was both facilitated and
implemented by a pediatric infectious disease fellow, thus allaying
some of these concerns. Given the research supporting the efficacy
of the PBL approach, our findings suggest it can be used in a time-
and cost-effective manner to improve antimicrobial stewardship
education for APPs at any institution.

It is important to emphasize that education for APPs should be
customized to their unique care team roles and previous training.
The American Academy of Nurse Practitioners (AANP) highlights
that NPs must receive education that is congruent to their
population focus and that the education should not be limited to
their graduate education programs.27 There is a need for
postgraduate education in antimicrobial stewardship given that
most NP programs do not require additional coursework in
microbiology and instead emphasize experiential learning.15 There
has been a push to include more formal coursework addressing
antimicrobial stewardship in university NP programs, but these
developments are slow to evolve and would not reach NPs who are

more senior and no longer in university courses.28 Given these
factors, we felt that the most effective model was a collaborative
education curriculum with APP leadership, individual clinical
APPs, infectious disease NPs, and infectious disease physicians.

The most effective implementation of antimicrobial steward-
ship requires all prescribers to be incorporated and promote
judicious antibiotic use.26 Although there has been a call to action
within the NP community to advance stewardship knowledge,
there has been too little collaboration between physicians and
APPs.19 An example of such collaborations are APP-run
antimicrobial stewardship teams, which have been shown to be
effective in antibiotic reduction and narrowing therapy.29

Although formal incorporation of APPs into stewardship teams
is important, it is also vital to target APPs outside of the field of
infectious diseases, such as in our study. To reach a broader
audience of APPs, including both outpatient and inpatients
providers, infectious disease physicians and pharmacists should
partner with APP leadership at an institution to develop directed
education and feedback.

APPs bring a unique skillset to the world of antimicrobial
stewardship. NP emphasis on holistic care, and experience with
bedside care, provides an important perspective to cross-discipline
discussions regarding long-term stewardship goals.27 APPs are also
positioned to alter prescribing habits within a variety of practice
settings and subspecialties. They improve patient safety and
decrease length of admission within surgical care, two important
components of AS.30 Additionally, one noted benefit of APPs over
residents is the continuity of care they offer by being dailymembers
of the team for longer periods, which again positions them to be
effective long-term collaborators in antimicrobial stewardship
initiatives.31 All of these characteristics demonstrate APPs to be
potentially vital members of the antimicrobial stewardship team,
and the first step is building this partnership. One of the major
successes of our project was seamlessly working with APP
leadership to both design and deliver the education initiative,
avoiding a paternalistic approach.

One limitation of this study is that education alone usually does
not bring about long-term sustained change in altering prescribing
behaviors.3 However, when combined with long-term sustainable
efforts such as prospective audit and feedback, already present at
our institution, it can be an effective strategy.3 In addition, our
stewardship group has developed guidelines that are available to
both the inpatient and outpatient providers within the Lurie
Children’s Hospital System with updated recommendations on
empiric antibiotic choice for skin and soft tissue infections. These
guidelines were highlighted as part of the education in this project
and could ameliorate some of the concerns about the longevity
of change that can be achieved with an educational campaign.
Furthermore, although there are more than 300 APPs present at
our institution, only 80 APPs took part in the education initiative.
Though this is a large sample size for a study of this type,
the included APPs did not encompass a large percentage of
practitioners at our institution. When assessing prescribing habits,
all APPs were included to estimate the effect of the initiative more

Table 4. Percentage of prescriptions for simple skin and soft tissue infections by antibiotic agent

Agent Pre-intervention (n= 18) Post-intervention (n= 34) Difference (95% CI) P-value

Clindamycin 8 (44.4%) 9 (26.5%) −18.0% (−45.3%, 9.4%) 0.2

CI = confidence interval.
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accurately on overall hospital prescribing habits among APPs,
instead of just on the habits of those who took part. This may have
contributed to the lack of statistical change between the pre- and
post-intervention period and thus may underestimate the effect of
the education initiative on individual prescribers. In future
endeavors, increasing the participation rate of providers may
have a larger impact on prescribing habits. Another limitation of
this study is the lack of a comparator group. Given the
observational design of the study, it is possible that other hospital
initiatives to improve prescribing could have contributed to the
changes documented. However, there were no simultaneous
initiatives directed at APP attitudes and knowledge about
stewardship principles during the study period, decreasing the
likelihood of this as a potential confounder.

Conclusion

Although providers recognize the importance of antimicrobial
stewardship, these attitudes are often incongruent with the realities
of prescribing practices.32 Increasing the appreciation for the
immediacy and importance of antimicrobial stewardship efforts
can help to improve uptake of interventions that have been shown
to be effective in initiating change. Given the trend toward
increased prescribing responsibilities for APPs, there must be
increased focus on their incorporation into antimicrobial steward-
ship efforts. Their different education backgrounds necessitate
directed and personalized education strategies, while their cross-
disciplinary involvement could bring significant new sources of
strength to the field. Our study demonstrates that an education
initiative, with limited physician time commitment, can make
significant headway into the development of both practice changes
and individual appreciation of the importance of antimicrobial
stewardship. Implementation at an institution level is important,
but future initiatives should strive for national-level partnerships
and formal integration of antimicrobial stewardship education into
APP curricula. As the landscape of pediatric medicine changes to
incorporate more APP care, we as a community of practitioners
need to continue to adjust and embrace teamwork for the
betterment of our patients by including cross-disciplinary
education as a major goal for the future.
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likely an important part of improving antimicrobial prescribing.

This study demonstrates the successful implementation of an education
initiative at a large tertiary care institution directed at NPs and PAs. The
initiative demonstrated improvement in both improved understanding and
comfort with antimicrobial stewardship principles.

Acknowledgments. We would like to acknowledge Roderick C. Jones, MPH,
for his assistance in generating the datasets and conducting the analyses and
Melissa Hurley, MSN, for her assistance in the implementation of the education
initiative.

Author contributions. Dr Parzen-Johnson helped conceptualize the frame-
work of the manuscript, drafted the initial manuscript, and led the manuscript
revision process. Dr Toia helped conceptualize the framework of themanuscript

and revised the manuscript for important intellectual content. Dr Sun
contributed all statistical analyses and consultation and revised the manuscript
for important intellectual content. Dr Patel helped conceptualize the framework
of the manuscript and helped to write the final manuscript. All authors
approved the final manuscript as submitted and agree to be accountable for all
aspects of the work.

Financial Support. None.

Competing interests. The authors have indicated they have no conflicts of
interest relevant to this article to disclose.

References

1. Davey P, Marwick CA, Scott CL, et al. Interventions to improve antibiotic
prescribing practices for hospital inpatients. Cochrane Database Syst Rev
2017;2:Cd003543.

2. Dellit TH, Owens RC, McGowan JE Jr, et al. Infectious Diseases Society
of America and the Society for Healthcare Epidemiology of America
guidelines for developing an institutional program to enhance antimicrobial
stewardship. Clin Infect Dis 2007;44:159–177.

3. Barlam TF, Cosgrove SE, Abbo LM, et al. Implementing an antibiotic
stewardship program: guidelines by the Infectious Diseases Society of
America and the Society for Healthcare Epidemiology of America. Clin
Infect Dis 2016;62:e51–e77.

4. CDC.Outpatient Antibiotic Prescriptions. United States: Centers for Disease
Control and Prevention; 2021.

5. Sanchez GV, Hersh AL, Shapiro DJ, Cawley JF, Hicks LA. Outpatient
antibiotic prescribing among United States nurse practitioners and
physician assistants. Open Forum Infectious Dis 2016;3:ofw168.

6. Ladd E. The use of antibiotics for viral upper respiratory tract
infections: an analysis of nurse practitioner and physician prescribing
practices in ambulatory care, 1997-2001. J Am Assoc Nurse Pract 2005;
17:416–424.

7. Ference EH, Min J-Y, Chandra RK, et al. Antibiotic prescribing by
physicians vs nurse practitioners for pediatric upper respiratory infections.
Ann Otol, Rhinol Laryngol 2016;125:982–991.

8. Manning ML. The urgent need for nurse practitioners to lead antimicrobial
stewardship in ambulatory health care. J Am Assoc Nurse Pract 2014;
26:411–413.

9. Knobloch MJ, Musuuza J, Baubie K, Saban KL, Suda KJ, Safdar N. Nurse
practitioners as antibiotic stewards: Examining prescribing patterns and
perceptions. Am J Infect Control 2021;49:1052–1057.

10. Gotterson F, Buising K, Manias E. Nurse role and contribution to
antimicrobial stewardship: an integrative review. Int J Nursing Stud 2021;
117:103787.

11. Hamilton RM, Merrill KC, Luthy KE, Nuttall C. Knowledge, attitudes, and
perceptions of nurse practitioners about antibiotic stewardship. J Am Assoc
Nurse Pract 2020;33:909–915.

12. Danielis M, Regano D, Castaldo A, Mongardi M, ButtironWebber T. What
are the nursing competencies related to antimicrobial stewardship and how
they have been assessed? Results from an integrative rapid review.
Antimicrob Resist Infect Control 2022;11:153.

13. Lee MSL, SteadW. A seat at the table: delivering effective infectious diseases
and antimicrobial stewardship education to advanced practice providers at
an AcademicMedical Center. J Continuing EducHealth Professions 2022;42:
e27–e31.

14. Weddle G, Goldman J, Myers A, Newland J. Impact of an educational
intervention to improve antibiotic prescribing for nurse practitioners in a
pediatric urgent care center. J Pediatr Health Care 2017;31:184–188.

15. Durrant RJ, Doig AK, Buxton RL, Fenn JP. Microbiology education in
nursing practice. J Microbiol Biol Educ 2017;18:10–1128.

16. AAMC. Curriculum Topics in Required and Elective Courses at Medical
School Programs. AAMC Curriculum Inventory. https://www.aamc.org/
data-reports/curriculum-reports/data/curriculum-topics-required-and-
elective-courses-medical-school-programs2016-2022. Published 2023.
Accessed May 9, 2023

Antimicrobial Stewardship & Healthcare Epidemiology 5

https://doi.org/10.1017/ash.2023.434 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2023.434
https://www.aamc.org/data-reports/curriculum-reports/data/curriculum-topics-required-and-elective-courses-medical-school-programs2016-2022
https://www.aamc.org/data-reports/curriculum-reports/data/curriculum-topics-required-and-elective-courses-medical-school-programs2016-2022
https://www.aamc.org/data-reports/curriculum-reports/data/curriculum-topics-required-and-elective-courses-medical-school-programs2016-2022
https://doi.org/10.1017/ash.2023.434


17. Trullàs JC, Blay C, Sarri E, Pujol R. Effectiveness of problem-based learning
methodology in undergraduate medical education: a scoping review. BMC
Med Educ 2022;22:104.

18. U.S. Census Bureau. AmericanCommunity Survey 5-Year Esimates. Census
Reporter Profile Page for Chicago-Naperville-Elgin, IL-IN-WI Metro Area,
2020. Accessed April 5, 2023

19. Chicago AaRHLCsHo. About Advanced Practice. Ann and Robert H. Lurie
Children’s Hospital. https://www.luriechildrens.org/en/for-healthcare-
professionals/advanced-practice-nursing/about-advanced-practice/. Published
2023. Accessed May 9, 2023

20. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: Building an
international community of software platform partners. J Biomed Inf
2019;95:103208.

21. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—A metadata-driven methodology and
workflow process for providing translational research informatics support.
J Biomed Inf 2009;42:377–381.

22. AANP. About the American Association of Nurse Practitioners: Historical
Timeline. https://www.aanp.org/about/about-the-american-association-of-
nurse-practitioners-aanp/historical-timeline2012-2023. Published 2023.
Accessed May 9, 2023

23. Maymi M, Madden M, Bauer C, Reuter-Rice K. Acute care pediatric nurse
practitioner: the 2018 practice analysis. J PediatrHealth Care 2022;36:e11–e21.

24. AANP. State Practice Environment. https://www.aanp.org/advocacy/state/
state-practice-environment. Published 2022. Accessed May 9, 2023

25. Valentin VL, Najmabadi S, Everett C. Cross-sectional analysis of US scope
of practice laws and employed physician assistants. BMJ Open 2021;11:
e043972.

26. CDC. Core Elements of Hospital Antibiotic Stewardship Programs. Atlanta,
GA: CDC; 2019.

27. AANP. Standards of Practice for Nurse Practitioners, 2022. https://www.
aanp.org/advocacy/advocacy-resource/position-statements/standards-of-
practice-for-nurse-practitioners. Accessed May 9, 2023

28. Abbo L, Smith L, Pereyra M, Wyckoff M, Hooton TM. Nurse practitioners’
attitudes, perceptions, and knowledge about antimicrobial stewardship.
J Nurse Pract 2012;8:370–376.

29. Grunwald J, Kenney R, Weinmann A, et al. Impact of Physician Assistant
Directed Antimicrobial Stewardship Consultation Service, 2014. Accessed
April 5, 2023

30. Eaton B, O’Meara L, Herrera AV, Tesoriero R, Diaz J, Bruns B. Service-
based advanced practice providers: the surgeon’s perspective. Am Surg
2019;85:747–751.

31. Chambers HE, Reinschmidt K, Smith G, et al. Examining the critical role of
advanced practice providers on a multidisciplinary transplant team. Am J
Transplant 2021;21:3840–3846.

32. Zetts RM, Garcia AM, Doctor JN, Gerber JS, Linder JA, Hyun DY. Primary
care physicians’ attitudes and perceptions towards antibiotic resistance and
antibiotic stewardship: a national survey. Open Forum Infectious Diseases
2020;7:ofaa244.

6 Simon Parzen-Johnson et al

https://doi.org/10.1017/ash.2023.434 Published online by Cambridge University Press

https://www.luriechildrens.org/en/for-healthcare-professionals/advanced-practice-nursing/about-advanced-practice/
https://www.luriechildrens.org/en/for-healthcare-professionals/advanced-practice-nursing/about-advanced-practice/
https://www.aanp.org/about/about-the-american-association-of-nurse-practitioners-aanp/historical-timeline2012-2023
https://www.aanp.org/about/about-the-american-association-of-nurse-practitioners-aanp/historical-timeline2012-2023
https://www.aanp.org/advocacy/state/state-practice-environment. Published 2022. Accessed September 5, �2023
https://www.aanp.org/advocacy/state/state-practice-environment. Published 2022. Accessed September 5, �2023
https://www.aanp.org/advocacy/advocacy-resource/position-statements/standards-of-practice-for-nurse-practitioners
https://www.aanp.org/advocacy/advocacy-resource/position-statements/standards-of-practice-for-nurse-practitioners
https://www.aanp.org/advocacy/advocacy-resource/position-statements/standards-of-practice-for-nurse-practitioners
https://doi.org/10.1017/ash.2023.434

	Antimicrobial stewardship for nurse practitioners and physician assistants: enhancing patient safety through education
	Introduction
	Methods
	Intervention setting
	Education initiative development and implementation
	Education initiative survey
	Medication prescription assessment
	Database operations and approvals
	Statistical methods

	Results
	Participant characteristics
	Subjective measures
	Knowledge-based test questions
	Prescription changes

	Discussion
	Conclusion
	References


