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Abstract (continued)

CONCLUSIONS AND RELEVANCE The findings suggest that standardized assessments of hospital
antimicrobial prescribing quality can be used to estimate the appropriateness of antimicrobial use in
large groups of hospitals. These assessments, performed over time, may inform evaluations of the
effects of antimicrobial stewardship initiatives nationally.
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Introduction

Optimizing antimicrobial use is critical to slowing the spread of resistant pathogens. In 2014, the US
Centers for Disease Control and Prevention (CDC) called for acute care hospitals to implement
antimicrobial stewardship programs with the goal of improving antimicrobial use to optimize
infection cure rates and minimize harms." In 2014 and 2015, the White House released the US
National Strategy and Action Plan for Combating Antibiotic-Resistant Bacteria, which established
antibiotic stewardship outcomes to accomplish by 2020, including a 20% reduction in inappropriate
inpatient antibiotic use for monitored conditions and medications.? National initiatives have
bolstered stewardship efforts in recent years, and data from the CDC'’s National Healthcare Safety
Network have shown increases in the percentage of hospitals with comprehensive antimicrobial
stewardship programs.

Efforts to evaluate antimicrobial stewardship programs’ effect on hospital antimicrobial use
typically focus on volume rather than prescribing quality*®; it is not clear whether the volume of
antimicrobial use correlates with appropriateness.’ Prescribing decisions for hospitalized patients are
associated with many factors, including comorbidities, allergies, adverse effects, and drug
interactions. In addition, the lack of current national treatment guidelines for some infections makes
evaluating the appropriateness of US hospital antimicrobial use challenging. Hospital antimicrobial
stewards often perform intensive, small-scale medication use evaluations to answer specific
guestions about appropriateness. Larger-scale evaluations are more difficult to conduct.

We developed and implemented a multicenter objective data collection as part of a hospital
prevalence survey of health care-associated infections and antimicrobial use conducted by the CDC’s
Emerging Infections Program in 2015. We used these data to assess the appropriateness of
antimicrobial use for selected prescribing events in a large group of hospitals and to establish a
baseline to which data from subsequent surveys could be compared for estimation of the association
of national antimicrobial stewardship interventions with the appropriateness of antimicrobial use at
these hospitals.

Methods

Hospitals and Patients

This study used data collected by the Emerging Infections Program, which conducted cross-sectional
prevalence surveys of health care-associated infections and antimicrobial use in 2011 and 2015 at
selected hospitals in 10 states (California, Colorado, Connecticut, Georgia, Maryland, Minnesota, New
Mexico, New York, Oregon, and Tennessee); methods and results have been published previously.®
Each hospital selected a survey date between May 1 and September 30, 2015. Patients were
randomly selected from the census on the morning of the survey date.*! The human subjects
advisor in the CDC's National Center for Emerging and Zoonotic Infectious Diseases determined that
the survey was a nonresearch public health activity. Emerging Infections Program sites and hospitals
determined that the survey was a nonresearch activity or approved it with an informed consent
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Data Collection

Data collected in the 2011 survey identified 4 common antimicrobial prescribing events for
assessment in the 2015 survey: 2 infection-based events, including treatment of community-
acquired pneumonia (CAP) or treatment of urinary tract infection (UTI) present at admission, and 2
antimicrobial-based events, including treatment with fluoroquinolones (FQ) or treatment with
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terms supported and unsupported as proxies for appropriate and inappropriate or unnecessary use.
Antimicrobial use was supported if there was medical record evidence that (1) treatment was
clinically indicated for the infection for which the patient had a reported diagnosis, (2) antimicrobial
selection was consistent with available guidelines or microbiology data, and (3) duration was
consistent with recommendations in available guidelines.”2° In cases involving more severe or
complicated infections (eg, sterile site infections, sepsis, or infections due to selected pathogens
such as mycobacteria), duration was not considered in the determination of whether prescribing was
supported. Antimicrobial use for which some aspect was unsupported by medical record data
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microbiologic testing or patients with cultures positive for pathogens susceptible to penicillin,
ampicillin, or oxacillin and without a severe or unspecified penicillin allergy.

Patients Included in Multiple AQUA Pathways

After exclusion of patients in the CAP or UTI pathway from the VANC and FQ pathways, 58 patients
(3.7%) remained in multiple analysis pathways (VANC and FQ). Determinations in the 2 pathways
were concordant for 32 of 58 patients (55.2%): 22 with supported and 10 with unsupported
treatment. Discordant determinations (eg, unsupported for VANC and supported for FQ) were
observed for 26 patients; after data for these patients were reviewed, 1 had an overall determination
of supported treatment and 25, unsupported treatment. After discordant determinations were
resolved, antimicrobial prescribing was determined to be supported for 690 of 1566 patients (44.1%;
95% Cl, 41.6%-46.5%) and unsupported for 876 of 1566 patients (55.9%; 95% Cl, 53.5%-58.4%)
(eTable in the Supplement).

Discussion

Among patients included in a multicenter hospital prevalence survey of health care-associated
infections and antimicrobial use, a substantial percentage of CAP, UTI, FQ, and VANC treatment was
unsupported by medical record data collected using a standardized approach (55.9% overall and as
high as 79.5% for CAP). Common reasons for unsupported use included long duration, antimicrobial
selection that deviated from guidelines, absence of documented signs or symptoms of infection,
and lack of microbiologic evidence of infection.

Few recent, large studies have addressed inpatient antimicrobial prescribing quality.
Comparison of our results with the results of these other studies is difficult because different
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Table 2. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the CAP Analysis Pathway

Patients, No. (%) Prescribing quality
Pathway criterion (n=219) determination

No pathogens identified from respiratory or sterile site cultures
in first 5 hospital d

All 171 (78.1) NA
Did not receive guideline-similar CAP treatment on day 3 of
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approaches to data collection and different definitions of inappropriate or unnecessary prescribing
of antimicrobials were used. In the other studies, antimicrobial prophylaxis and treatment were
included and antimicrobial stewardship program personnel or other medical professionals collected
the data and made determinations about antimicrobial prescribing quality.?*2* These studies also
focused their assessments on antimicrobial prescriptions rather than infection syndromes. We
focused solely on antimicrobials used to treat infections rather than including prophylaxis; did not



inappropriate or unnecessary use because we did not require that data collection be performed by
clinicians, and determinations were made through analysis pathways rather than by antimicrobial
stewards using their clinical expertise and judgment to evaluate individual patient records.

We observed that the percentages of unsupported use were higher for infection-based events
than for antimicrobial-based events. This finding may have been associated in part with our inclusion
of more specific criteria in the infection-based analysis pathways according to treatment guidelines



Table 5. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the Vancomycin Analysis Pathway

Patients, No. (%) Prescribing quality
Pathway criterion (n =403) determination

Neutropenia 7(.7) Supported
Cystic fibrosis with a history of MRSA colonization or infection 2(0.5) Supported




Table 5. Percentage of Antimicrobial Treatment Supported or Unsupported Based on Medical Record
Documentation in the Vancomycin Analysis Pathway (continued)

Patients, No. (%)
Pathway criterion (n. (%)
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compared with antimicrobial use for treatment of CAP and UTI may have been attributable to this
exclusion. We believe that for the approach that we used, the infection-based assessments were
more practical for implementation on a large scale and identified more opportunities for
improving use.

One example of an opportunity forimprovement suggested by our analysis is excessive
treatment duration, which was the most common reason for unsupported CAP treatment and has
been reported in multiple other studies.?®2® We calculated total treatment duration, including days
of inpatient therapy plus the planned duration of postdischarge treatment. Current CAP guidelines
recommend treatment for a minimum of 5 days, even if the patient has reached clinical stability
before 5 days, stating that “as most patients will achieve clinical stability within the first 48 to 72
hours, a total duration of therapy of 5 days will be appropriate for most patients.”” Exceptions are
noted for CAP caused by methicillin-resistant S aureus or Pseudomonas aeruginosa, for which the
recommended duration of treatment is 7 days.” In our analysis, among 142 patients with CAP for
whom duration of therapy was assessed, 103 (72.5%) were treated for at least 8 days. Among
hospitalized veterans with uncomplicated pneumonia in 2013, 93.1% of patients with CAP received
treatment for longer than the recommended duration.?® Among patients with CAP who were
hospitalized in 2017 and 2018 in a Michigan Hospital Medicine Safety Consortium study, 71.3%
received treatment for longer than the recommended duration.?” Given the harm associated with
excessive treatment, studies are needed to establish effective approaches to reducing treatment
duration, particularly after discharge.?"2®

Absence of signs or symptoms of infection was another common reason for unsupported
antimicrobial use among patients receiving UTI treatment. Recent updated guidelines® have
addressed the problem of inappropriate treatment of asymptomatic bacteriuria. Despite efforts to
discourage treatment of asymptomatic bacteriuria, a large percentage of patients receiving UTI
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treatment in our analysis—approximately 38%—lacked documented signs or symptoms of infection.
This is higher than the percentage observed in a similar analysis performed in 2011,%° in which
approximately 23% of patients without a catheter who were being treated for UTI did not have
documented signs or symptoms of infection. Results of a Veterans Health Administration study
showed that among hospitalized patients with positive urine culture results in 2013 and 2014, 72%
with asymptomatic bacteriuria received antibiotics.® Interventions that incorporate elements such
as education and clinical decision support have been shown to be associated with reductions in

antimicrobial use for asymptomatic bacteriuria.3234

Limitations

This study has limitations. The numbers of hospitals and patients included in our analysis were
limited and from just 10 states; consequently, the results may not be generalizable. We assessed
antimicrobial treatment only and not surgical or medical prophylaxis; data on surgical prophylaxis
from the Emerging Infections Program hospital prevalence survey have been published.™ Because of
the complexity of evaluating inpatient antimicrobial use, we included only selected patients who
were treated for a single infection type. Therefore, only 35.0% of patients receiving antimicrobial
treatment during hospitalization were assessed, which is a limitation of an approach that does not
use antimicrobial stewards to review and interpret data from individual patient records. Determining
the appropriateness of antimicrobial use for the remaining 65% of patients, many of whom may have
received antimicrobials for complicated infections, may be challenging with the use of our approach.
In asmall percentage of patients included in both the FQ and the VANC analysis pathways, discordant
determinations had to be resolved by 1 of the authors (S.S.M.). Further refinement of the data
collection and analysis pathways may reduce this need in future assessments. In addition, our
assessment was based solely on medical record documentation. Incomplete documentation or
failure to collect certain data, such as all antimicrobials received by patients during hospitalization in
the FQ or VANC pathways, could have affected our results. We were not able to validate the results
obtained using the analysis pathways with reviews of a subset of patient records by infectious
diseases specialists or pharmacists. In addition, we did not assess risk factors for unsupported
antimicrobial use.

Conclusions

The findings suggest that standardized assessments of hospital antimicrobial prescribing quality can
be used to estimate the appropriateness of antimicrobial use in large groups of hospitals. National
assessments of prescribing quality to complement data on the volume of antimicrobial use in
hospitals and improve prescribing practices may ultimately depend on the ability to access and
analyze electronic health record data across hundreds or thousands of health care facilities. Until
such approaches are feasible, the AQUA assessment may be repeated over time as part of
intermittent prevalence surveys of health care-associated infections and antimicrobial use to
describe changes in prescribing quality and estimate the effects of national antimicrobial stewardship
initiatives.

ARTICLE INFORMATION
Accepted for Publication: January 24, 2021.

Published: March 18, 2021. doi:10.1001/jamanetworkopen.2021.2007

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Magill SS
et al. JAMA Network Open.

Corresponding Author: Shelley S. Magill, MD, PhD, Division of Healthcare Quality Promotion, Centers for Disease
Control and Prevention, 1600 Clifton Rd, HB16-3, Atlanta, GA 30329 (smagill@cdc.gov).

[5 JAMA Network Open. 2021;4(3):212007. doi:10.1001/jamanetworkopen.2021.2007 March 18,2021  12/16


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.2007&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
mailto:smagill@cdc.gov

Author Affiliations: Division of Healthcare Quality Promotion, Centers for Disease Control and Prevention,
Atlanta, Georgia (Magill, O’Leary, Edwards, Chea, Neuhauser); Lantana Consulting Group, Thetford, Vermont
(O'Leary); Department of Medicine, Emory University, Atlanta, Georgia (Ray); Georgia Emerging Infections
Program, Decatur (Ray); Tennessee Department of Health, Nashville (Kainer, Evans); Department of Health Policy,
Vanderbilt University School of Medicine, Nashville, Tennessee (Kainer); Department of Infectious Diseases,
Western Health, Melbourne, Victoria, Australia (Kainer); Colorado Department of Public Health and Environment,
Denver (Bamberg, Johnston, Janelle, Oyewumi); Medical Epidemiology Consulting, Denver, Colorado (Bamberg);
Department of Healthcare Management, University of Denver, Colorado (Oyewumi); Minnesota Department of
Health, St Paul (Lynfield, Rainbow, Warnke); Hennepin County Public Health, Minneapolis, Minnesota (Warnke);
California Emerging Infections Program, Oakland (Nadle); New Mexico Department of Health, Santa Fe
(Thompson, Sharmin); Center for Biologics Evaluation and Research, US Food and Drug Administration, Silver
Spring, Maryland (Thompson); Infection Prevention and Control Department, University of New Mexico Hospital,
Albuquerque (Sharmin); Oregon Health Authority, Portland (Pierce, Zhang, Ocampo); Connecticut Emerging
Infections Program, Hartford and New Haven (Maloney, Greissman); Department of Medicine, Columbia-New
York Presbyterian Hospital (Greissman); Maryland Department of Health, Baltimore (Wilson); University of
Maryland Baltimore County, Baltimore (Wilson); New York Emerging Infections Program, Rochester (Dumyati);



Agreement. The process of refining antimicrobial quality assessment analysis pathways was supported in part by
The Pew Charitable Trusts through the CDC Foundation. The Pew Charitable Trusts sponsored in-person and
telephone expert meetings.

Role of the Funder/Sponsor: CDC staff members contributed to the design and conduct of the study;
management, analysis, and interpretation of the data; preparation, review or approval of the manuscript; and
decision to submit the manuscript for publication. Staff of The Pew Charitable Trusts contributed to the
interpretation of the data and review of the manuscript.

Group Members: Emerging Infections Program Hospital Prevalence Survey Team: California Emerging Infections
Program, Oakland, CA: Karen Click; Linda Frank, RN, BSN, PHN; Deborah Godine, RN; Brittany Martin, MPH; Erin
Parker, MPH; and Lauren Pasutti, MPH. Colorado Department of Public Health and Environment, Denver: Sarabeth
Friedman, CNM, MSN; Annika Jones, MPH; and Tabetha Kosmicki, MPH, CIC. Connecticut Emerging Infections
Program, New Haven and Hartford, CT: James Fisher, MPH; Amber Maslar, MPA; James Meek, MPH; and Richard
Melchreit, MD. Division of Healthcare Quality Promotion, CDC, Atlanta, GA: Farzana Badrun, MD, MS (Eagle
Medical Services); Lauren Epstein, MD, MPH; Ryan Fagan, MD, MPH; Anthony Fiore, MD, MPH; Nicole R. Gualandi,
RN, MSN/MPH; and Arjun Srinivasan, MD. Georgia Emerging Infections Program, Decatur: Scott K. Fridkin, MD;
Susan L. Morabit, MSN, RN, PHCNS-BC, CIC; and Lewis A. Perry, DrPH, MPH, RN. Maryland Department of Health,
Baltimore: Rebecca Perlmutter, MPH, CIC, and Elisabeth Vaeth, MPH. Minnesota Department of Health, St Paul:
Annastasia Gross, MPH, MT (ASCP); Jane Harper, MS, BSN, CIC; Brittany Pattee, MPH; and Nabeelah
Rahmathullah, MBBS, MPH. New Mexico Department of Health, Santa Fe: Joan Baumbach, MD, MS, MPH, and
Marla M. Sievers, MPH. New York Emerging Infections Program and University of Rochester Medical Center,
Rochester: Cathleen Concannon, MPH; Christina Felsen, MPH; and Anita Gellert, RN. Oregon Health Authority,
Portland: Monika Samper, RN. Tennessee Department of Health, Nashville: Raphaelle H. Beard, MPH; Patricia
Lawson, RN, MS, MPH; Daniel B. Muleta, MD, MPH; and Vicky P. Reed, RN.

Disclaimer: The findings and conclusions in this report are those of the authors and do not necessarily represent
the official position of the CDC or the position or policy of the Department of Veterans Affairs (VA).

Additional Contributions: The following members of The Pew Charitable Trusts Hospital Antimicrobial
Stewardship Expert Panel made contributions to data interpretation: David Hyun, MD (The Pew Charitable Trusts);
Susan Davis, PharmD (Wayne State University); Elizabeth Dodds Ashley, PharmD, MHS (Duke University); Scott K.
Fridkin, MD (Emory University); Matthew Bidwell Goetz, MD (VA Greater Los Angeles Healthcare System and
David Geffen School of Medicine at UCLA); Kalpana Gupta, MD, MPH (VA Boston Healthcare System and Boston
University School of Medicine); Timothy Jenkins, MD, MSc (Denver Health, University of Colorado); Makoto M.
Jones, MD, MS (VA Salt Lake City Health Care System and University of Utah School of Medicine); Holly D. Maples,
PharmD (University of Arkansas for Medical Sciences); Larissa May, MD, MSPH, MSHS (University of California
Davis); Joshua Metlay, MD, PhD (Massachusetts General Hospital and Harvard Medical School); Talene A. Metjian,
PharmD (Children’s Hospital of Philadelphia); Marc J. Meyer, RPh, BPharm, CIC, FAPIC (Southwest Health System,
Cortez, CO); Jason Newland, MD, MEd (Washington University, St Louis, MO); Pranita D. Tamma, MD, MHS (Johns
Hopkins University School of Medicine); Barbara W. Trautner, MD, PhD (Michael E. DeBakey VA Medical Center
and Baylor College of Medicine); and Valerie Vaughn, MD, MSc (University of Michigan and VA Ann Arbor
Healthcare System). Members were not compensated for their contributions, but The Pew Charitable Trusts
supported their travel to an expert meeting.

REFERENCES
1. US Department of Health and Human Services, Centers for Disease Control and Prevention. Core elements of
hospital antibiotic stewardship programs. Published 2019. Accessed May 21, 2020.


https://www.cdc.gov/antibiotic-use/healthcare/pdfs/hospital-core-elements-H.pdf
https://www.cdc.gov/antibiotic-use/healthcare/pdfs/hospital-core-elements-H.pdf
https://www.cdc.gov/drugresistance/pdf/carb_national_strategy.pdf
https://www.cdc.gov/drugresistance/pdf/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://www.cdc.gov/drugresistance/pdf/national_action_plan_for_combating_antibotic-resistant_bacteria.pdf
https://www.cdc.gov/nhsn/acute-care-hospital/aur/index.html
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.5651&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.5651&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://dx.doi.org/10.1093/cid/ciaa570
https://dx.doi.org/10.1093/cid/ciaa570

7. Spivak ES, Cosgrove SE, Srinivasan A. Measuring appropriate antimicrobial use: attempts at opening the black
box. Clin Infect Dis. 2016;63(12):1639-1644.

8. Magill SS, Edwards JR, Bamberg W, et al; Emerging Infections Program Healthcare-Associated Infections and
Antimicrobial Use Prevalence Survey Team. Multistate point-prevalence survey of health care-associated
infections. N Engl J Med. 2014;370(13):1198-1208. doi:10.1056/NEJM0al306801

9


https://www.ncbi.nlm.nih.gov/pubmed/27682070
https://dx.doi.org/10.1056/NEJMoa1306801
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.12923&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007
https://dx.doi.org/10.1056/NEJMoa1801550
https://dx.doi.org/10.1056/NEJMoa1801550
https://dx.doi.org/10.1093/cid/ciaa373
http://www.OpenEpi.com
https://idsa.confex.com/idsa/2014/webprogram/Paper46797.html
https://idsa.confex.com/idsa/2018/webprogram/Paper69112.html
https://dx.doi.org/10.1086/511159
https://dx.doi.org/10.1086/511159
https://dx.doi.org/10.1164/rccm.201908-1581ST
https://dx.doi.org/10.1093/cid/ciq257
https://dx.doi.org/10.1093/cid/ciq257
https://dx.doi.org/10.1093/cid/ciu296
https://dx.doi.org/10.1086/649554
https://dx.doi.org/10.1097/CCM.0000000000004344
https://dx.doi.org/10.1093/cid/ciaa036
https://dx.doi.org/10.1093/cid/ciaa036
https://dx.doi.org/10.1093/jac/dkz474

24. National Centre for Antimicrobial Stewardship and Australian Commission on Safety and Quality in Health
Care. Antimicrobial prescribing practice in Australian hospitals: results of the 2018 Hospital National Antimicrobial
Prescribing Survey. Published January 2020. Accessed January 21, 2021. https://irp-cdn.multiscreensite.com/
d820f98f/files/uploaded/Hospital%20NAPS%20Public%20Report%20-%202018.pdf

25. Rybak MJ, Le J, Lodise TP, et al. Therapeutic monitoring of vancomycin for serious methicillin-resistant
Staphylococcus aureus infections: a revised consensus guideline and review by the American Society of Health-
System Pharmacists, the Infectious Diseases Society of America, the Pediatric Infectious Diseases Society, and the
Society of Infectious Diseases Pharmacists. Am J Health Syst Pharm. 2020;77(11):835-864. doi:10.1093/ajhp/
zxaa036

26. Madaras-Kelly KJ, Burk M, Caplinger C, et al; Pneumonia Duration of Therapy Medication Utilization Evaluation
Group. Total duration of antimicrobial therapy in veterans hospitalized with uncomplicated pneumonia: results of
a national medication utilization evaluation. J Hosp Med. 2016;11(12):832-839. doi:10.1002/jhm.2648

27. Vaughn VM, Flanders SA, Snyder A, et al. Excess antibiotic treatment duration and adverse events in patients
hospitalized with pneumonia: a multihospital cohort study. Ann Intern Med. 2019;171(3):153-163. doi:10.7326/
M18-3640

28. Yi SH, Hatfield KM, Baggs J, et al. Duration of antibiotic use among adults with uncomplicated community-
acquired pneumonia requiring hospitalization in the United States. Clin Infect Dis. 2018;66(9):1333-1341. doi:10.
1093/cid/cix986

29. Nicolle LE, GuptaK, Bradley SF, et al. Clinical practice guideline for the management of asymptomatic
bacteriuria: 2019 update by the Infectious Diseases Society of America. Clin Infect Dis. 2019;68(10):e83-e110. doi:
10.1093/cid/ciz021

30. Fridkin S, Baggs J, Fagan R, et al; Centers for Disease Control and Prevention (CDC). Vital signs: improving
antibiotic use among hospitalized patients. MMWR Morb Mortal Wkly Rep. 2014;63(9):194-200.

31. Spivak ES, Burk M, Zhang R, et al; Management of Urinary Tract Infections Medication Use Evaluation Group.
Management of bacteriuria in Veterans Affairs hospitals. Clin Infect Dis. 2017;65(6):910-917. doi:10.1093/cid/
cix474

32. Hartley SE, Kuhn L, Valley S, et al. Evaluating a hospitalist-based intervention to decrease unnecessary
antimicrobial use in patients with asymptomatic bacteriuria.


https://irp-cdn.multiscreensite.com/d820f98f/files/uploaded/Hospital%20NAPS%20Public%20Report%20-%202018.pdf
https://irp-cdn.multiscreensite.com/d820f98f/files/uploaded/Hospital%20NAPS%20Public%20Report%20-%202018.pdf
https://dx.doi.org/10.1093/ajhp/zxaa036
https://dx.doi.org/10.1093/ajhp/zxaa036
https://dx.doi.org/10.1002/jhm.2648
https://dx.doi.org/10.7326/M18-3640
https://dx.doi.org/10.7326/M18-3640
https://dx.doi.org/10.1093/cid/cix986
https://dx.doi.org/10.1093/cid/cix986
https://dx.doi.org/10.1093/cid/ciz021
https://www.ncbi.nlm.nih.gov/pubmed/24598596
https://dx.doi.org/10.1093/cid/cix474
https://dx.doi.org/10.1093/cid/cix474
https://dx.doi.org/10.1017/ice.2016.119
https://dx.doi.org/10.12788/jhm.2892
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2017.7290&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.2007

