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Department of Defense strategy: 
an example of coordinated effort 
to control resistance 

 Antimicrobial Resistance Monitoring and Research 
(ARMoR) program  

 Goal: responding to the crisis of escalating 
antimicrobial resistance 

 Launched in 2009  

 Funded by the US government ($3.25 million per year) 

Lesho et al. Clinical Infectious Diseases 2014; 59 (3):390-397 
 



ARMoR 
 Collection and characterization of targeted multidrug-

resistant bacteria (over 20,000 isolates archived to 
date) 

 Communication and feedback loops between the 
branches of the military 

 Public reporting within the DoD 

 



ARMoR 
 Communication and feedback are key elements of the 

ARMoR program.  

 Results from the laboratory are relayed back to the 
submitting hospital 

 Regular summaries report on concerning organisms to 
hospital and military health system leadership 

 Facility-specific and aggregated summaries are sent to 
the appropriate leaders and policy makers.  

 



ARMoR 
 Believed to have resulted in: 

 earlier detection of outbreaks and emerging pathogens 

 informed the creation and revision of policies 

 improved practice 

 strengthened antimicrobial stewardship programs 

 Program has been credited with a decrease in 
carbapenem-resistant Enterobacteriaceae, and cessation 
of outbreaks involving MRSA and colistin-resistant 
Acinetobacter species.  



What can we learn from ARMoR? 
 That surveillance, antibiotic use monitoring and 

stewardship programs can be integrated, coordinated 
and useful in real-time 

Doron, Boucher. Clinical Infectious Diseases 2014; 59 (3) 398-400  



Meanwhile, across the Atlantic… 
 The European Commission 2011 Action Plan against the 

rising threats of antimicrobial resistance: 
 The European Centre for Disease Prevention and Control 

(ECDC) Programme for Antimicrobial Resistance and 
Healthcare-Associated Infections (ARHAI) is responsible 
for the coordination of surveillance networks in the EU for 
AMR, antimicrobial consumption and HAI 

 Annual reports and easily accessible online interactive 
databases  provide timely feedback used to strengthen 
stewardship efforts, and serve to raise awareness about the 
state of the resistance crisis at the political level, at the 
national level and at the level of public health officials, 
researchers and the general public.  



Organization of European Antimicrobial Resistance Surveillance Network (EARS-Net)  















California- setting the example 
 California Senate Bill 739 in 2006 mandated that by 

January 2008 all general acute care hospitals develop 
processes for evaluating the judicious use of 
antibiotics and monitor results 

 The California Department of Public Health (CDPH) 
healthcare associated infections program developed 
the CDPH ASP initiative in 2010 to assist healthcare 
facilities in developing these processes 











CDC checklist for core elements of 
antimicrobial stewardship 









Stewardship in long term care 









A 
Massachusetts collaborative 



31 Clinical Infectious Diseases 2005;40:643-54. 



Proportion of Women with Diabetes Who Remained Free of Symptomatic Urinary Tract Infection, 
According to Whether They Received Antimicrobial Therapy or Placebo at Enrollment. 

Harding GK et al. N Engl J Med 2002;347:1576-1583. 



Goals of the initiative 
 Improve evaluation and treatment of urinary tract 

infection. 

 Decrease treatment for asymptomatic bacteriuria. 

 Use clinical quality improvement tools for decision 
support. 

 Communicate with patients and their loved ones for 
safer care. 
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Two consecutive programs 

34 



Round table discussions 
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Clinician Education Sheet 
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Resident/Family Brochure 

39 



Bottom Line 

40 



Results 
 Year 1 

 36 facilities participated 

 17 submitted data 

 371,204 resident days compared to baseline period with 
246,045 resident days 

 Year 2 

 32 facilities participated 

 25 submitted data (12 new, 13 returning) 

 301,379 resident days compared to baseline period with 
145,448 resident days 
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Measured outcomes 
 Rate of urine culture 

 Number of urine cultures sent per 10,000 resident days 

 Rate of UTI diagnosis (by clinician) 

 Number of UTI diagnoses (new, not recurrent, treated) 
per 10,000 resident days 

42 



Measured outcomes 
 C. diff rate 

 Number of C. diff diagnoses made per 10,000 resident 
days (infection that developed on or after the beginning 
of the 4th day of admission starting at 12:01 am or within 
28 days of discharge to the community) 
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Results 
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Urine Culture rate in First Collaborative Long Term Care Facilities (n=17) 

Urine Culture Rate
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Results: Cdiff 

 Measure, IRR 
(95% CI) 

1st 
Collaborative 

Experience 
(n=17) 

Continuing 
Facility 2nd 

Collaborative 
Experience 

(n=12) 

New Facility  
2nd 

Collaborativ
e 

Experience 
(n=13) 

C. difficile IRR 0.55 (0.39 - 0.78) 0.85 (0.45  - 1.68) 
0.64 (0.33 - 

1.28) 

Urinary Tract 
Infection IRR 

0.67 (0.59 - 0.76) 0.42  (0.35 - 0.50) 
0.66 (0.56 - 

0.77) 

Urine Culture Rate 
IRR 

0.73 (0.66 - 0.79) 0.47  (0.42 - 0.52) 
0.68 (0.62 - 

0.75) 



Resources 
 www.macoalition.

org/uti-elderly-
tools  
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http://www.macoalition.org/uti-elderly-tools
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New England Sinai Hospital: a 
successful ASP at a LTACH 



The program 
• Worked with leadership, ID consultant, IP, Pharmacy 

director 

• End date and indication required by pharmacy for all 
antimicrobials 

• List of the “great eight” antimicrobials 

• Tufts MC ID physician or ID PharmD, off-site, M-F 

• Log on and generate report: patients on antimicrobials at 
least 7 days 

• Review electronic medical records 

• Recommendations made by email 

• Clinical pathways 

 



Analysis  
 From April 2011 through March 2014 

  885 recommendations on 734 patients 

 AS staff spent approximately 1-2 hours per week 
reviewing cases and providing recommendations 
remotely 

 Residents:  

 mean age of 68 years (SD +34)  

 median length of stay of 56 days 



20.9% 

8.5% 

15.4% 
11.6% 

3.2% 5.1% 

15.1% 

1

Colitis Bacteremia UTI

Osteo Cellulitis Wound infections

Other

Type of Infection 



8.5% 

16.5% 

18.5% 

8.9% 

5.4% 

11.8% 

0.9% 

0.7% 

0.8% 

13.2% 

0.3% 

2.8% 

13.3% 

Linezolid

Vancomycin i.v.

Vancomycin os

Pip/tazo

Metronidazole

cephalosporin

Ceftaroline

Clindamycin

Amikacin

carbapenem

Fidaxomicin

Daptomycin

Fluoroquinolones

Isolates & Antibiotics   



Agree w 
management 

45% 

Not agree 
55% 

Recs 
followed 
47.85% 

Recs not 
followed 
52.15% 

Recs not agree 

Recommendations  



Type of Recs  

Stop more info ID Cons Change Ab De Escalate Shorten tx Prolong tx Increase
dosage

21.6% 

16.1% 

10.5% 

6.9% 
5.5% 

1.5% 1.1% 0.9% 



Recommendation acceptance by 
month  



HA-CDI rate per 1000/PD 

IRR 0.57; 95% CI 0.35-0.92; p=0.02  

Following the intervention there was a significant decrease in monthly HA-
CDI rates that was maintained throughout the post intervention period.  
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What are the ingredients for a 
successful program? 
 Culture change 

 Provider education 

 Use of appropriate metrics/benchmarking 

 Use of the microbiology laboratory 

 Use of technology and informatics 

 



Culture change 
 Be cognizant of physicians’ reluctance to give up 

autonomy 

 Create a multidisciplinary team (“champions”) 

 Provide a helpful (“teaching”) service 

 Use concepts of behavior change theory 

 Solicit feedback often 



 
Evaluation of Programmatic Changes to the 
ASP Program with House Officer Feedback 

 House officer survey on Tufts Medical Center ASP 

 2008 Survey 

 Programmatic intervention 
 Enhanced training on ASP procedures at orientation 

 Changes to the antimicrobial order form 

 “ASP question of the week” 

 2010 Survey 

 
Hong SY, Epstein LH, Lawrence K, Davidson L, Taur Y,  Nadkarni L, 
Doron S. Journal of Evaluation in Clinical Practice 2012:1365-2753. 
 



Antimicrobial Stewardship Program (ASP) Impact on 

Patient Care 2008 and 2010 

Differences between 2008 and 2010 

Hong SY, Epstein LH, Lawrence K, Davidson L, Taur Y,  Nadkarni L, 
Doron S. Journal of Evaluation in Clinical Practice 2012:1365-2753. 
 



Provider education 
 Every interaction is an opportunity for education 

 Keep in mind- medical school education is lacking in 
concepts of stewardship 

 Focus on: 

 Colonization versus infection 

 Community-acquired versus hospital-acquired 

 De-escalation (“but s/he is getting better on that”) 

 Early discontinuation 

 “That’s what s/he was transferred here on” 

 Consider surveying clinicians to gauge their knowledge 

 



Thibodeau E, Doron S, Iacoviello V, Schimmel J, Snydman DR. 
PeerJ 2014; 2:e405  

Carbapenem-resistant Enterobacteriacea 
knowledge scores 



Use of appropriate metrics 
 

 Cost 

 DDD= Defined daily dose 

 DOT= Days of Therapy 

 LOT= Length of therapy 

 Proportion receiving antimicrobial therapy 

 Resistance 

 CDI 



 Fig. 1. Adult inpatient antibacterial (A) and antifungal (B) drug use during 2012 in 97 academic medical center hospitals participating in 

the University HealthSystem Consortium (http://www.uhc.edu/). These data represent raw drug usage figures that require risk 

adjustment to make them comparable across hospitals... 

Omar M. Ibrahim,  Ron E. Polk 

 Antimicrobial Use Metrics and Benchmarking to Improve Stewardship Outcomes : Methodology, Opportunities, and 

Challenges 
Infectious Disease Clinics of North America, Volume 28, Issue 2, 2014, 195–214 

Benchmarking 



 Fig. 2. Example of a risk adjusted benchmarking report for a hospital that compares the observed adult antibacterial drug use (O) with 

the expected (E) use in 35 clinical service lines. The solid bars are O/E ratios for DOT; the open bars are O/E ratios for LOT. Risk 

adjustment involved grouping each patient into 1 of the 35 clinical service lines based on their Medicare Severity Diagnosis Related 

Group (MS-DRG). Expected use was calculated by indirect standardization from antibacterial drug use during 2009 in 70 academic 

medical center hospitals (included in the 98 hospitals in Fig. 1). An O/E ratio greater than 1.0 suggests excessive use. The report also 

identified the reason(s) for excessive use, including excessive LOT/discharge compared with the benchmark, excessive use of 

combination therapies, or an excessive proportion of patients receiving antibacterial drugs. BMT, bone marrow transplant; HIV, human 

immunodeficiency virus. 

Omar M. Ibrahim,  Ron E. Polk 

 Antimicrobial Use Metrics and Benchmarking to Improve Stewardship Outcomes : Methodology, Opportunities, and 

Challenges 

Infectious Disease Clinics of North America, Volume 28, Issue 2, 2014, 195–214 

Benchmarking 



 Fig. 3. Quarterly antimicrobial drug expenses at the University of Maryland hospital before initiation of the ASP (before Program 

Start arrow) and after implementation of the program until its termination (Program End arrow). The sudden increase in expenses 

after the program end is noteworthy. Vertical bars, quarterly costs; horizontal solid bars, fiscal year averages. CPMOE, computerized 

physician medication order entry; FY, financial year. 

(From Standiford HC, Chan S, Tripoli M, et al. Antimicrobial stewardship at a large tertiary care academic medical center: cost 

analysis before, during, and after a 7-year program. Infect Control Hosp Epidemiol 2012;33(4):340; with permission.) 

Omar M. Ibrahim,  Ron E. Polk 

 Antimicrobial Use Metrics and Benchmarking to Improve Stewardship Outcomes : Methodology, Opportunities, and 

Challenges 
Infectious Disease Clinics of North America, Volume 28, Issue 2, 2014, 195–214 

Cost 



Use of the microbiology lab 
 Rapid diagnostics 

 Development of antibiograms 

 Unit-specific 

 Disease-specific 

 Combination 

 Reporting  

 Dose-dependent susceptibility 

 Disease-specific breakpoints 

 Suppression of susceptibility results 



Presented 
at ID Week 
2015, San 
Diego 
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Use of technology and informatics 
 Electronic health records 

 Clinical Data Support Systems (CDSSs) 

 Apps 

 Electronic resources 

 Social media 



















Conclusion 
 Federal attention to stewardship promises to make 

ASPs more prevalent and to integrate systems 
designed to combat resistance 

 Non-acute care settings are increasingly adopting 
stewardship practices, in various forms 

 Elements of a successful ASP include culture change, 
provider education, use of appropriate 
metrics/benchmarking, use of the microbiology 
laboratory, use of technology/informatics 

 




