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Antimicrobial resistant Nosocomial Infections In ICU Patients
 2003 compared with 1998-2002, NNIS

www.cdc.gov/ncidod/dhqp/pdf/nnis/2004NNISreport



ORGANISM                 >100,000 CFU/ML ACINETOBACTER SPECIES

SENSITIVITY               MSCAN MIC
AMIKACIN                  >32   RESISTANT
AMPICILLIN/SULBACTAM     >16/8  RESISTANT
CEFEPIME                  >16   RESISTANT
CEFTAZIDIME              >16   RESISTANT
CIPROFLOXACIN            >2   RESISTANT
GENTAMICIN               >8   RESISTANT
MEROPENEM                >8   RESISTANT
PIPERACILLIN              >64   RESISTANT
TETRACYCLINE             >8   RESISTANT
TOBRAMYCIN               >8   RESISTANT
TMP/SMX                   >2/38 RESISTANT
POLYMYXIN B   8  RESISTANT



Number of New Molecular Entity (NME) Systemic Antibiotics Approved by the US FDA Per Five-year 
Period, Through 3/11.

Clin Infect Dis. 2011;52:S397-S428
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• Prevent or slow the emergence of antimicrobial 
resistance

• Optimize selection, dose and duration of Rx
• Reduce adverse drug events including secondary 

infection (e.g. C. difficile AAD)
• Reduce morbidity and mortality
• Reduce length of stay
• Reduce health care expenditures

Antimicrobial Stewardship
Goals

MacDougall CM and Polk RE.  Clin Micro Rev 2005;18(4):638-56.
Ohl CA. J. Hosp Med. 2011.
Dellit TH, et. al. Clin Infect Dis. 2007;44:159-177



Level of the patient

Level of
the hospital



CID 2007;44:159-77

Stewardship Guidelines

CID 2016;62:e51



CDC Core Elements of Hospital Antibiotic 
Stewardship Programs 2015

Leadership Commitment: Dedicating necessary human, financial and information 
technology  resources  
Accountability: Appointing a single leader responsible for program 
outcomes.  Experience with successful programs show that a physician leader is 
effective
Drug Expertise: Appointing a single pharmacist leader responsible for working to 
improve antibiotic use. 
Action: Implementing at least one recommended action, such as systemic evaluation of 
ongoing treatment need after a set period of initial treatment (i.e. “antibiotic time out” 
after 48 hours)
Tracking:  Monitoring antibiotic prescribing and resistance patterns
Reporting: Regular reporting information on antibiotic use and resistance to doctors, 
nurses and relevant staff
Education: Educating clinicians about resistance and optimal prescribing

http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html
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Prospective audit with intervention and 
feedback

• Antibiotic support teams
– ID physician/Clinical Pharmacist

• Determine patients given “problem” antimicrobials
• Survey hospital culture/antibiotic data
• Review sterile body fluid cultures and therapy
• Make one on one interventions and patient specific 

education to responsible MD
• Has been shown to impact on antimicrobial use in 

both university and community hospitals
• Disdvantages: Compliance is voluntary. Resource 

intense Barlam et al, Clinical Infectious Diseases CID 2016;62:e51
Paterson. Clin Infect Dis 2006; 42(Suppl):S90–5

LaRocco. Clin Infect Dis 2003; 37:742–3



Preauthorization/Restriction
• Formulary restriction vs preauthorization/approval
• Pager/phone call most often used
• Team members: Respected physicians/Clinical 

pharmacists better than trainees/fellows
• Each intervention a ‘mini-consult’
• Clearly effective in modulating antimicrobial use
• Good for rapidly intervening in use
• Disadvantages: Perceived loss of autonomy for 

prescribers, inaccurate or misleading information 
from prescriber, labor intensive, all-hours support? 

Paterson. Clin Infect Dis 2006; 42(Suppl):S90–5
Ryback. Pharmacotherapy 2007;27(10 Pt 2):131S–135S)

Barlam et al, Clinical Infectious Diseases CID 2016;62:e51
Linkin. ICHE 2006; 27:688



Your CAUSE Team



Additional Areas for 
Collaboration

• Nursing
• Geriatrics/Long Term Care
• Graduate Medical Education
• Public Health





CDC Core Elements of Hospital Antibiotic 
Stewardship Programs

Leadership Commitment: Dedicating necessary human, financial and information 
technology  resources  
Accountability: Appointing a single leader responsible for program 
outcomes.  Experience with successful programs show that a physician leader is 
effective
Drug Expertise: Appointing a single pharmacist leader responsible for working to 
improve antibiotic use. 
Action: Implementing at least one recommended action, such as systemic evaluation of 
ongoing treatment need after a set period of initial treatment (i.e. “antibiotic time out” 
after 48 hours)
Tracking:  Monitoring antibiotic prescribing and resistance patterns
Reporting: Regular reporting information on antibiotic use and resistance to doctors, 
nurses and relevant staff
Education: Educating clinicians about resistance and optimal prescribing

http://www.cdc.gov/getsmart/healthcare/implementation/core-elements.html















Local CAUSE Guidelines
http://www.wakehealth.edu/School/CAUSE/Disease-State-

Treatment-Guidelines.htm



Chest 2006;130:787-93.



Clin Infect Dis. 2015 Sep 
15;61(6):934-41. doi: 
10.1093/cid/civ409.29.



Hi, I’m from the Joint 
Commission, Has Dr. 

Ohl shared local 
susceptibility and abx 

use data with you? 

Yes! Dr. Ohl 
shared some 
very helpful 

data with me!



High Yield:
• Where is SIP when you need them
• Allergy





Antibiotic De-escalation
Vanc-Piperacillin tazobactam
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What Should be Included in
AS Education for Providers (4)

 Guideline use: Inpatient big 4
 UTI
 CAP
 HAP/VAP
 Skin and soft tissue

 Guideline use: Outpatient big 4
 Acute bronchitis
 Pharyngitis
 Sinusitis/Otitis media
 UTI

Ohl, Luther. Infect Dis Clin N Am 28. (2014) 177-93 

"I'll be happy to give you innovative 
thinking. What are the guidelines?" 
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Small Group Case Conference
Emphasizing Stewardship Principles

Luther et al. Presented at ID week 2015. Oct 2015, San Diego, CA



3939

Get Smart About Antibiotics: An Antibiotic Stewardship 
Curriculum for Medical Students

 3 Large Group PowerPoint Sessions (45 min)
 Antibiotic Resistance and Its Relationship to Antibiotic Use
 "Get Smart About Antibiotics." An Introduction to Prudent Antibiotic Use
 Common Respiratory Tract Infections: Evaluation and Therapy

 Five Small Group Activities
 Family Medicine Clerkship
 Internal Medicine Clerkship
 Surgery Clerkship
 Pediatrics Clerkship
 Emergency Medicine Clerkship

http://www.wakehealth.edu/AS-Curriculum/

http://www.wakehealth.edu/uploadedFiles/User_Content/SchoolOfMedicine/Departments/CAUSE/PPT_and_PDF_files/AS_FP_clerkship.pdf
http://www.wakehealth.edu/uploadedFiles/User_Content/SchoolOfMedicine/Departments/CAUSE/PPT_and_PDF_files/AS_IM_clerkship.pdf
http://www.wakehealth.edu/uploadedFiles/User_Content/SchoolOfMedicine/Departments/CAUSE/PPT_and_PDF_files/AS_Surgery_clerkship.pdf
http://www.wakehealth.edu/uploadedFiles/User_Content/SchoolOfMedicine/Departments/CAUSE/PPT_and_PDF_files/AS_Pediatrics_clerkship.pdf
http://www.wakehealth.edu/uploadedFiles/User_Content/SchoolOfMedicine/Departments/CAUSE/PPT_and_PDF_files/AS_EM_clerkship.pdf


Beta-lactam allergy is associated with poorer 
patient outcomes and increased length of stay

• Now confirmed in 4 studies in the past 5 years

Antimicrobial Agents and Chemotherapy 2013;57:5918-23



Antibiotic Stewardship and Allergy
• XII. In Patients With a Reported History of ß-Lactam Allergy, Should ASPs 

Facilitate Initiatives to Implement Allergy Assessments With the Goal of 
Improved Use of First-Line Antibiotics?

Recommendation
• In patients with a history of β-lactam allergy, we suggest that ASPs promote 

allergy assessments and penicillin (PCN) skin testing when appropriate (weak 
recommendation, low-quality evidence). 

• Comment: Allergy assessments and PCN skin testing can enhance use of first-
line agents, but it is largely unstudied as a primary ASP intervention; 
however, ASPs should promote such assessments with providers. In facilities 
with appropriate resources for skin testing, the ASPs should actively work to 
develop testing and treatment strategies with allergists.

Implementing an Antibiotic Stewardship Program: Guidelines by the Infectious Diseases 
Society of America and the Society for Healthcare Epidemiology of America

Clinical Infectious Diseases ; 2016 ; 62 : 51 -77



Antimicrobial Cost Savings WFBMC



Hi, I’m from the Joint 
Commission, Do you 

have an Antibiotic 
Stewardship 

Program? 

Yes! We have a 
wonderful, 
extremely 

helpful program



1998!!!



CAUSE Publications and Abstracts
• Ohl CA, Luther VP. Antimicrobial stewardship for inpatient facilities. J Hosp Med. 2011 Jan;6 Suppl 1:S4-15
• Ohl CA, Ashley ED. Antimicrobial Stewardship Programs in Community Hospitals: The Evidence Base & Case 

Studies. Clin Infect Dis. 2011 53 Suppl 1:S23-8
• Palmer HR, Palavecino EL, Johnson JW, Ohl CA, Williamson JC. Clinical and microbiological implications of 

time-to-positivity of blood cultures in patients with Gram-negative bacilli bacteremia. Eur J Clin Microbiol 
Infect Dis. 2013 Feb;32(2):1833-9

• Luther VP, Ohl CA, Hicks LA. Antimicrobial Stewardship Education for Medical Students (Letter).Clin Infect Dis. 
2013 Aug 13.

• Ohl CA, Luther VP. Health care provider education as a tool to enhance antibiotic stewardship practices. 
Infect Dis Clin North Am. 2014 Jun;28(2):177-93

• Schwartz BS, Armstrong WS, Ohl CA, Luther VP. Create Allies, IDSA Stewardship Commitments Should 
Prioritize Health Professions Learners. Clin Infect Dis. 2015 Nov 15;61(10):1626-7

• Tamar F. Barlam, Sara E. Cosgrove,,a Lilian M. Abbo, Conan MacDougall Audrey N. Schuetz, Edward J. 
Septimus6 Arjun Srinivasan, Timothy H. Dellit, Yngve T. Falck-Ytter, Neil O. Fishman, Cindy W. Hamilton, 
Timothy C. Jenkins, Pamela A. Lipsett,Preeti N. Malani,Larissa S. Gregory J. Moran,16 Melinda M. Neuhauser, 
Jason G. Newland, Christopher A. Ohl, Matthew H. Samore, Susan K. Seo, and Kavita K. Trivedi. Implementing 
an Antibiotic Stewardship Program: Guidelines by the Infectious Diseases Society of America and the Society 
for Healthcare Epidemiology of America. Clinical Infectious Diseases ; 2016 ; 62 : 51 -77

• Luther V, Petrocelli J, Beardsley J, Johnson J, Williamson J, Ohl C. Effectiveness of a Clinical Reasoning 
Curriculum to Improve Knowledge of Appropriate Antibiotic Use. Presented at: The 35th Annual Meeting of 
the Society for Medical Decision Making, Baltimore, MD, October 22, 2013.

• Rokas KE, Palavecino EL, Johnson JW, Beardsley JR, Luther VP, Ohl CA, Williamson JC. Identification of Viral 
Infection Using a Polymerase Chain Reaction (PCR)-based Respiratory Virus Panel (RVP) Decreases 
Antibacterial Use. Presented at: IDWeek 2014, Philadelphia, PA, October 4, 2014.

• Ganatra V, Williamson J, Johnson J, Beardsley J, Karchmer TB, Ohl CA. Improper Pre-incision Timing of 
Vancomycin Prophylaxis in Patients Undergoing CABG, Laminectomy and Total Joint Replacement. Abstract 
#219, 44th Annual Meeting of the Infectious Diseases Society of America, Toronto, Ontario, Canada, October 
12 -1 5, 2006



CAUSE Publications and Abstracts
• Ohl CA, Couk J, Beardsley J, Johnson J, Luther VP, Williamson JC. Prior Authorization Encounters for 

Restricted Drugs in an Established Antimicrobial Stewardship Program. Presented at: 47th Annual Meeting of 
the Infectious Diseases Society of America, Philadelphia, PA. October 30, 2009

• Vickery SB, Johnson JW, Beardsley JR, Williamson JC, Ohl CA, Luther VP. Treating Healthcare-Associated 
Pneumonia (HCAP) Requires Therapy Against P. aeruginosa and Methicillin-resistant S. aureus (MRSA). 
Presented at: IDWeek 2013, San Francisco, CA, October 4, 2013.

• Luther V, Dave M, Williamson J, Beardsley J, Johnson J, Ohl C. Improved Antimicrobial Use through a 
Computerized Physician Order Entry (CPOE) Pneumonia Order Set. Presented at: 49th Annual Meeting of the 
Infectious Diseases Society of America, Boston, MA, October 21, 2011.

• Dobrzynski D, Ohl C, Williamson J, Johnson J, Beardsley J, High K, Williamson J, Hamm R, Luther V. Real-Time 
Antibiotic (ABX) De-escalation (DSCL) Decision Making Among Internal Medicine Post Graduate Physicians 
(PGPs): A Prospective Study in an Inpatient Geriatric Population. Presented at: IDWeek 2015, San Diego, CA, 
October 7, 2015.

• Luther V, Petrocelli J, Beardsley J, Johnson J, Williamson J, Ohl C. Effectiveness of a Novel Case Based 
Antimicrobial Stewardship Educational Intervention that Emphasizes Clinical Reasoning. Presented at: 
IDWeek 2015, San Diego, CA, October 7, 2015. 

• Wallace K, Yoder M, Beardsley J, Johnson J, Luther V, Ohl C, Williamson J. Impact of a Procalcitonin-based 
Treatment Guideline on Antibiotic Prescribing in Cardiology Patients with Suspected Respiratory Tract 
Infection. Presented at: IDWeek 2015, San Diego, CA, October 7, 2015. 

• Bischoff W, Bubnov A, Palavecino E, Beardsley J, Williamson J, Johnson J, Luther V, Ohl C, El Helou G, Huang 
G, Stehle J, Sanders J. The Impact of Diagnostic Stewardship on Clostridium difficile Infections. Accepted for 
presentation at: IDWeek 2017, San Diego, CA, October 2017.

• Smith J, Williamson J, Johnson J, Hannum J, Ohl C, Luther V, Beardsley J. Impact of a Stewardship Initiative to 
Decrease Treatment of Asymptomatic Bacteriuria and Pyuria in the Emergency Department. Accepted for 
presentation at: IDWeek 2017, San Diego, CA, October 2017.

• Luther VP, Yoon HA, Ohl CO, High KP, Hamm RM, Williamson JD. Medicare Beneficiaries are Often 
Readmitted Due to Inadequate Treatment of Infection or Adverse Antimicrobial Events. Oral presentation at: 
49th Annual Meeting of the Infectious Diseases Society of America, Boston, MA, October 21, 2011



CAUSE Publications and Abstracts
• Luther VP, Smith ZE, Varela V, Williamson JC, Karchmer TE, Palavecino E, Ohl CA. Risk Factors for Invasive Infection 

due to Cephalosporin Resistant Enterobacter. Presented at: Annual Scientific Meeting of the Society for Healthcare 
Epidemiology of America (SHEA), Baltimore, MD. April 14-17, 2007.

• Ohl CA, Couk J, Beardsley J, Johnson J, Luther VP, Williamson JC. Prior Authorization Encounters for Restricted Drugs 
in an Established Antimicrobial Stewardship Program. Presented at: 47th Annual Meeting of the Infectious Diseases 
Society of America, Philadelphia, PA. October 30, 2009. 

• Wrenn R, Beardsley J, Johnson J, Williamson J, Luther V, Ohl C, Bowton D. Hospital Acquired Pneumonia Guidelines 
Based on Local Microbiologic Data Improve Adequacy of Empiric Therapy. Presented at: 51stAnnual Meeting of 
Interscience Conference on Antimicrobial Agents and Chemotherapy, Chicago, IL, September 18, 2011.

• Ratliff C, Ohl C, Kennedy L, Beardsley J, Luther V, Johnson J, Williamson J. Efficacy of Doripenem Compared with 
Meropenem as Therapy of Febrile Neutropenia among Patients who Became Febrile while on Cefepime or 
Piperacillin-tazobactam. Presented at: 49th Annual Meeting of the Infectious Diseases Society of America, Boston, 
MA, October 21, 2011.

• Luther V, Dave M, Williamson J, Beardsley J, Johnson J, Ohl C. Improved Antimicrobial Use through a Computerized 
Physician Order Entry (CPOE) Pneumonia Order Set. Presented at: 49th Annual Meeting of the Infectious Diseases 
Society of America, Boston, MA, October 21, 2011.

• Kupiec K, Johnson JW, Ohl CA, Beardsley JR, Luther VP, Williamson JC. Broad-Spectrum Antibiotics Offer No 
Advantage Over Guideline-Recommended Antibiotics for Patients with Severe Community-Acquired Pneumonia 
(CAP). Presented at: IDWeek 2013, San Francisco, CA, October 4, 2013.

• Vickery SB, Johnson JW, Beardsley JR, Williamson JC, Ohl CA, Luther VP. Treating Healthcare-Associated Pneumonia 
(HCAP) Requires Therapy Against P. aeruginosa and Methicillin-resistant S. aureus (MRSA). Presented at: IDWeek 
2013, San Francisco, CA, October 4, 2013.

• Betito SA, Ohl CA, Williamson JC, Johnson JW, Beardsley JR, Luther VP. Antibiotic (ABX) De-escalation in Sepsis: A 
Retrospective Study in a Tertiary Care Medical Center with an Established Antimicrobial Stewardship Program 
(ASP).Presented at: IDWeek 2013, San Francisco, CA, October 4, 2013.



CAUSE Publications and Abstracts
• Betito SA, Ohl CA, Williamson JC, Johnson JW, Beardsley JR, Luther VP. Antibiotic (ABX) De-escalation in Sepsis: A Retrospective 

Study in a Tertiary Care Medical Center with an Established Antimicrobial Stewardship Program (ASP). Presented at: IDWeek 
2013, San Francisco, CA, October 4, 2013.

• Nathan Goad, 2017 PharmD Candidate; Amy Loken, PharmD; James Johnson, PharmD; John Williamson, PharmD; James 
Beardsley, PharmD

• Identifying opportunities for de-escalation of vancomycin on general medicine and hospitalist services at an Identifying 
opportunities for de-escalation of vancomycin on general medicine and hospitalist services at an academic medical center. ID 
week 2016

• Koliscak LP, Johnson JW, Beardsley JR, Miller DP, Williamson JC, Luther VP, Ohl CA. Optimizing empiric antibiotic 
therapy in patients with severe β-lactam allergy. Antimicrobial Agents and Chemotherapy 2013;57:5918-23.

• Beardsley JR, Williamson JC, Johnson JW, Ohl CA, Karchmer TB, Bowton DL. Using local microbiologic data to develop 
institution-specific guidelines for the treatment of hospital-acquired pneumonia. Chest 2006;130:787-93.

• Julie C. Dattero; Caitlin B. Guest; John C. Williamson; James W. Johnson; Christopher A. Ohl; Vera P. Luther; Haley G. 
Gibbs; Jennifer L. Hannum; James R. Beardsley. Impact of a Multi-faceted Antimicrobial Stewardship Intervention to 
Decrease the Unnecessary Treatment of Asymptomatic Bacteriuria & Pyuria 

• Wallace KL, Palavecino E, Williamson JC. Improved outcomes for gram-positive bacteremia with rapid diagnostics and 
on-call pharmacy residents. ID Week 2016 New Orleans, Louisianna.

• Wallace KL, Palavecino EL, Williamson JC. Activity of ceftolozane/tazobactam against Pseudomonas aeruginosa 
isolates with antimicrobial resistance. ICAAC/ICC 2015 San Diego, California

• Rokas KEE, Burnell JM, Palavecino EL, Williamson JC. Activity of fosfomycin (FOS) against antibiotic resistant urinary 
pathogens at an academic tertiary care medical center. MAD-ID 2014 Orlando, Florida

• Kupiec KE, Palavecino EL, Wrenn RH, Williamson JC. Activity of ceftaroline against non-ESBL producing isolates of 
Escherichia coli and Klebsiella pneumoniae resistant to ampicillin, piperacillin, or cefazolin. ICAAC 2013 Denver, 
Colorado

• Palavecino EL, Hocker LA, Williamson JC. Utility of ceftriaxone and cephalothin susceptibility testing to predict 
activity of oral cephalosporins among urine isolates of E. coli. ICAAC 2010 Boston, Massachusetts

• Palavecino EL, Zozzaro E, Williamson JC, Ohl C. Characterization of ertapenem (ERT) nonsusceptible (NonS) Klebsiella 
pneumoniae (Kpn) tested by MicroScan panel NBC41. ICAAC 2009 San Francisco, California

• Palavecino EL, Talley R, Williamson JC. Vancomycin MIC creep occurs in S. aureus without regard for methicillin 
susceptibility. ICAAC)/IDSA 2008 Washington, DC
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