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Antimicrobial Stewardship
ICHE 2012; 33

Coordinated interventions designed to improve and 
measure the appropriate use of antimicrobial agents by 
promoting the selection of the optimal antimicrobial 
drug regimen including dosing, duration, and route of 
administration.



Core Components of Antimicrobial Stewardship 
Program

IDSA

 expertise necessary for program
 multidisciplinary

 monitor antimicrobial use/resistance/infections
 promote prudent antimicrobial use



Antimicrobial Stewardship Techniques
CID 2007; 44: 159

 Front end:  prescription authorization
 Back end:   prescription review/feedback
 Clinical guidelines, treatment algorithms

 computer‐assisted decision support
 streamlining/de‐escalation
 parenteral to oral conversion

 Education
 Pharmacodynamic dose optimization

 pharmacy based dosing programs



Antimicrobial Stewardship:
Long Term Care Facilities

 the problem 
 the evidence for stewardship
 recommendations



Antimicrobial Use in LTCF
van Buul JAMDA, 2013

Residents with systemic
antibiotics/year

47 – 79%

Point prevalence 4.8 – 15.2%

Incidence 4.0 – 7.3/1,000 resident days



Antimicrobial Use in US Nursing Homes
Benoit et al JAGS 2008; 56:2039

Mean:  4.8 courses/1,000 days; Range:  (0.4 – 23.5) 
[Loeb, 2001; 2.9 – 13.9]



Antimicrobial Use in LTCF 
Inappropriate Antimicrobial Use

Inappropriate
Zimmer et al, JAGS, 1986 40%
Warren et al, JAGS, 1991 ~40%
Montgomery et al, J Ger Drug Ther, 1995

systemic/topical 43%/60%
Loeb et al, J Gen Int Med 2001 35 – 72%
Boivin et al, MMI, 2013 82%

Peron et al, JAGS, 2013 > 43%



Potential Inappropriate Treatment of UTI in 
Two Rhode Island NHs

Rotjanapan AIM 2011; 171:438

N = 132 patients, 172 UA; 96 courses antibiotics

Appropriateness

Did not meet diagnostic guidelines,

antibiotics given 70/146 (41%)

Inappropriate use (IDSA criteria)

Antibiotic choice 56%

Antibiotic dosing 46%

Antibiotic duration 67%

C. difficile with inappropriate antibiotics:  OR 8.5; 1.7 – 42.2



Indications for antimicrobial prescribing in European nursing 
homes:  results from a point prevalence survey

Latour, Pharmaco‐epi & Drug Safety 2012; 21:937

323 NH; 21 countries

Prevalence: 6.33% (1.0 – 17.29)

Prophylaxis: 1.87% (0 – 12.43)

UTI 1.67% (0 – 12.0)



Prevention of UTI in NHs:  Lack of evidence‐based prescription
Bergman BMC Ger 2011; 11:69

Norway



Healthcare Infection in Irish LTCF: First National Prevalence Study
Cotter JHI 2012; 80:212

UTI prophylaxis: 35.8% total prescriptions
Prophylaxis/catheter: 6.0%



Antibiotic Use in LTCF
Daneman, JAC 2011; 66:2856

Ontario LTCF; N = 363; point prevalence, residents  37,371

Treatment duration > 90 days:  21% of all receiving antibiotics 

NF, TMP/SMX, ciprofloxacin, norfloxacin



Asymptomatic bacteriuria, antibiotic use, and suspected urinary tract infections in 
four nursing homes
Charles D. Phillips, Omolola Adepoju, Nimalie Stone, Darcy K. McMaughan Moudouni, Obioma Nwaiwu, Hongwei Zhao, 
Elizabeth Frentzel, David Mehr, Steven Farfinkel, BMC Geriatrics, 2012

Positive urine 
cultures 
promote 
antimicrobial 
use→



Antibiotic use in LTCF

 high prevalence/incidence
 wide variability across facilities
 substantial inappropriate use

 prophylaxis
 indications?
 evidence of benefit?
 extended duration



Inappropriate Antimicrobial Use in LTC

Potential negative outcomes:

 antimicrobial resistance
 C. difficile colitis
 adverse effects 

(Loeb, 2001; 6% resp or UTI, 4% skin)
 cost



Strategies and Challenges of Antimicrobial Stewardship in LTCFs
Dyar, Clin Microbiol Infect 2015; 21:10



SHEA/APIC Guideline:  Infection Prevention and Control in the 
LTCF

Smith et al, ICHE, 2008

IV. Antibiotic Stewardship
1. Infection control programs in LTCF should be 
encouraged to include a component of antibiotic 
stewardship (1B).

2. The ICP should monitor antibiotic susceptibility 
results from cultures to detect clinically significant 
ARO’s.  Changes in antibiotic‐susceptibility trends 
should be communicated to appropriate individuals 
and committees (1B).



Strategies and Challenges of Antimicrobial Stewardship in 
LTCFs

Dyar, Clin Microbiol Infect 2015; 21:10

2009 2009 2013 2011



Is Antimicrobial Stewardship Effective in 
LTCFs?

What are the outcomes of interest?
antimicrobial use

 appropriateness
other outcomes

 ARO’s
 C. difficile
 adverse effects

costs



Impact of multidisciplinary intervention on antibiotic use for NH Acquired 
Pneumonia

Linnebur, AJ Ger Pharm 2011; 9:442

Interventions:  Facility improved immunization, diagnostic testing, treatment
• interactive staff educational skills to improve nursing assessment
• study liaison nurse to facilitate change
• academic detailing to physicians



Sustained Reduction in Inappropriate Treatment of Asymptomatic Bacteriuria in 
a LTCF Though an Educational Intervention

Zabarsky, AJIC 2008; 36

• 6 full time primary care providers
• discourage urine cultures
• case based feedback/nursing



Reduction in inappropriate prevention of UTI in LTCF
Rummakainen et al Am J Infect Control 2012; 40:711‐714

• Finland
• visit of team to facility with 

– structured interview individual patients
– review systemic antimicrobials
– diagnostic practices for UTI

• regional guidelines developed, published
• annual questionnaire to reinforce guideline consistent 
use of antibiotics



Reduction in inappropriate prevention of UTI in LTCF
Rummukainen, AJIC 2012; 40:711



Effect of a multifaceted intervention on number of 
antimicrobial prescriptions for UTI in residents of 
nursing homes:  cluster randomized controlled trial

Loeb M et al BMJ 2005; 331:669

• Minimal criteria for antibiotic initiation

• Small group interactive sessions for nursing

• Videotapes, written material, continuing outreach visits



Treatment Pathway

Results of the urine culture ?

Urinary Catheter ?

1 or more of the following?

new CVA (Costovertebral)
tenderness

shaking chills (rigors)
new onset of delirium
fever**

Is there 
new onset burning urination (dysuria) ?

Or  2 or more of the following: 
fever**

new or worsening ….
urgency                      frequency
flank pain                  gross hematuria
urinary incontinence suprapubic pain 
shaking chills

YES

No UTI

NO

Does the resident in my care need antibiotic treatment for a symptomatic UTI?

> 105 CFU/mL (positive) OR Pending Negative (no growth or mixed)

If yes, begin antibiotics†

If no, do not treat for UTI†  Stop antibiotics if urine culture is negative or no pyuria

Note: the recommended treatment duration for uncomplicated cystitis in women is 7 days and 7-14 in males. For an uncomplicated pyelonephritis, treatment
duration is 10-14 days.For a complicated cystitis, treatment duration is 10 days.  For a complicated pyelonephritis, treatment duration is  from 14 to 21 days.

** >37.9°C (100 °F) or 1.5°C (2.4 °F) above baseline on 2 occasions over the last 12 h



Copyright ©2005 BMJ Publishing Group Ltd.

Loeb, M. et al. BMJ 2005;331:669

Fig 4 Monthly rates of antimicrobial prescriptions for urinary indications in intervention 
and usual care nursing homes

Total antibiotic use:    Usual care:  3.93, Intervention:  3.52 (-.37; -1.17, .44)

Antibiotics/UTI:  1.17 vs 1.59/1,000 (-0.49; -0.93, -0.06)



Educational Intervention to Improve Antimicrobial Use in a 
Hospital‐Based LTCF

Schwartz, JAGS 2007; 55:1236

 LTC wards of acute hospital; ID consultation
 20 salaried physicians providing care
 Guidelines, hospital resistance data, physician 
feedback (4 sessions/18 mo)

 Booklets



Educational Intervention to 
Improve Antimicrobial Use in 
a Hospital-Based LTCF

Schwartz, JAGS 2007; 55:1236

• met diagnostic criteria 
32% vs 62%; p = 0.06

• initial antibiotics met 
guidelines 11% vs 
9.6%, p < 0.001

• improvements 
sustained 2 yrs



Effect of an Educational Intervention on Optimizing 
Antibiotic Prescribing in LTCF

Monette JAGS 2007; 55:1231

• Quebec
• mailed guidelines & individual feedback



Can a multifaceted educational intervention targeting 
both nurses and physicians change the prescribing of 
antibiotics to nursing home residents?  A cluster 
randomized controlled trial

Pettersson E, Vernby A, Molstad S, Lundborg CS.  J Antimicrob Chemother 2011; 66:2659‐2666

• Cluster randomized, controlled
• 46 NH; 1537 residents
• Interventions

– guidelines:  local consensus
– teaching sessions
– educational materials
– feedback



Multi‐faceted Educational Intervention
Pettersson et al JAC 2011; 66:2659

Primary Outcome
• proportion of UTI in women treated with 

fluoroquinolones

Secondary Outcomes
• number of UTI’s/resident
• proportion all infections treated antibiotics
• proportion all infections “wait and see”
• proportion nitrofurantoin for lower UTI woman



Multifaceted Educational Intervention for Antibiotics in Nursing Homes
Pettersson et al 2011; 66:2659‐2666

Difference 2003 (pre) and 2005 (post)

Intervention Control Difference (95% CI)

Lower UTI FQ -0.196 -0.224 0.028 (-0.19, 0.25)

Lower UTI NF -0.014 0.063 -0.077 (-0.24, 0.09)

UTI’s/resident -0.031 -0.070 0.038 (-0.013, 0.09)

All infections:

antibiotics -0.072 0.048 -0.124 (-0.228, -0.019)

“wait and see” 0.093 0.039 0.143 (0.047, 0.24)



Multifaceted Educational Intervention for 
Antibiotics in Nursing Homes

Pettersson et al 2011; 66:2659‐2666

Conclusions:  Educational intervention had no effect on the 
primary outcome, but decreased overall prescribing of 
antibiotics.



Antimicrobial Stewardship in LTCF

ICHE 2012; 33: 1185



Antimicrobial Stewardship in LTCF
ID consultation

ICHE 2012; 33:1185



Antimicrobial Stewardship in LTCF
ID consultation

ICHE 2012; 33: 185
LTCF

Total
Oral
Intravenous

Hospital

Positive C. difficile/1,000 patient days, decline p = 0.04



Resident Antimicrobial Management Plan (RAMP)

• Pilot cluster RCT
• 30 NH London

RAMP preprinted form:
A.Initation of treatment
B.Review 48 – 72 hrs.

Impact of implementation of a novel antimicrobial 
stewardship tool on antibiotic use in nursing homes:  a 
prospective cluster randomized control pilot study

Fleet, JAC 2014; 69:2265



Resident Antimicrobial Management Plan (RAMP)
Fleet, JAC 2014; 69:2265

Total antibiotic consumption
Intervention group:  ‐4.9% (95% CI 1.0‐8.65; p=0.02)



Successfully Reducing Antibiotic Prescribing in 
Nursing Homes

Zimmerman, JAGS 2014; 62:907

 9 mo, 12 NA (6 control, 6 intervention), 336, 522 
resident days

 Intervention
health care providers/nurses training re prescribing  
guidelines
‐ situations where antibiotics not indicated
residents/families sensitized
feedback on prescribing



Successfully Reducing Antibiotic Prescribing in Nursing 
Homes

Zimmerman, JAGS 2014; 62:907

Rates of antibiotic prescribing/1,000 res days

Intervention sites Comparator sites

Pre 13.6 12.7

During 9.51 11.8

Adjusted RR 0.86 (0.79 – 0.95), p=0.002



JAMA IM 2015; 175: 1120



JAMA IM 2015; 175: 1120

Intervention site                      Comparison site



Evidence to support Antimicrobial Stewardship in 
LTCF’s

 most studies report some positive effect
 no standardization of interventions or evaluation
 ? relevant outcomes (ARO, C. difficile)
 ? sustainability
 ? cost‐effectiveness



CDC:  Core Elements of Antibiotic Stewardship in Nursing 
Homes.  Sept 2015

Leadership Commitment
•Demonstrate support and commitment to safe and appropriate antibiotic 
use in your facility.

Accountability
•Physician, nurse, pharmacy leads responsible for promoting and 
overseeing antibiotic stewardship activities in your facility 

Drug Expertise
•Access to consultant pharmacists or other individuals with experience or 
training in antibiotic stewardship for your facility

Action
•Implement at least one policy or practice to improve antibiotic use



CDC:  Core Elements of Antibiotic Stewardship in 
Nursing Homes.  Sept 2015

Teaching
•Monitor at least one process measure of antibiotic use and at least one 
outcome from antibiotic use in your facility

Reporting
•Provide regular feedback on antibiotic use and resistance to prescribing 
clinicians, nursing staff, and other relevant staff

Education
•Provide resources to clinicians, nursing staff, residents and families 
about antibiotic resistance and opportunities for improving antibiotic use.



Antimicrobial Stewardship for LTCF

Challenges
• resources

• cost effectiveness
• standardization/programs & components
• diagnostic criteria

• laboratory access/interpretation
• relevant outcomes

• clinical
• antimicrobial resistance



Antimicrobial Stewardship

Low Hanging Fruit:  “winnable battles”

•Monitor antimicrobial use/feedback
•Optimize laboratory use

• Urine culture criteria
• Respiratory viruses

•Prophylaxis
• UTI

•Duration of therapy
•? Topical



Antimicrobial Stewardship

Policies/practices:  More Complex to Implement

•restrictive diagnoses for clinical illness
• guidelines
• algorithms

•monitoring for appropriateness
• feedback to prescribers

•culture change:
• default to “not treat”


