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Antimicrobial stewardship:
“Quick, don’t just do something! Stand there!”

Stanley I. Martin, MD, FACP, FIDSA
Director, Division of Infectious Diseases
Director, Antimicrobial Stewardship Program
Geisinger Health System
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It starts with a simple observation
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1920 1940 1960 1980 2000 2020

Penicillin 
discovered

Penicillin mass 
produced
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"But I would like to sound one 
note of warning… It is not 
difficult to make microbes 
resistant to penicillin… Then 
there is the danger that the 
ignorant man may easily 
underdose himself and by 
exposing his microbes to non-
lethal quantities of the drug 
make them resistant.”

-- A. Fleming, 1945, Nobel Prize 
Acceptance Speech
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1920 1940 1960 1980 2000 2020

Penicillin 
discovered

Penicillin mass 
produced

1st Penicillin 
resistance 
reported in 

Staphylococcus 
aureus

Methicillin replaces 
penicillin as drug to treat

S. aureus

1st methicillin 
resistance reported: 
MRSA

15% of all S. 
aureus is MRSA

1997-1999 Four 
children die of MRSA 
from the community

Vancomycin 
resistant MRSA 
first reported
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Vancomycin resistant S. aureus (VRSA)

First reported in 2002
Found on a dialysis catheter in a 40yo male from Michigan with ESRD, DM, and 

PVD
Case from Pennsylvania reported later the same year
Fifteen cases in the literature from the US so far
Most recently reported in Delaware this past year (February 2015)
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Steinkraus G, et al. J Antimicrob Chemother
2007;60:788
Antimicrob Agents Chemother 2003;47:3040

• Existing limitations in optimizing vancomycin 
dosing

• Slow bacterial killing of vancomycin compared to 
beta-lactams

• Poor tissue penetration by vancomycin
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What to use for serious MRSA infections?

Vancomycin, or…

Daptomycin
Linezolid
Tedizolid
Ceftaroline
Televancin
Dalbavancin
Oritavancin
Tigecycline
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The story is about more than just one bug
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1920 1940 1960 1980 2000 2020

First VRE 
identified

Multi-drug 
resistant 

Acinetobacter 
becomes endemic 

in hospitals 
worldwideESBL enteric Gram 

negative rods first 
identified as nosocomial 

pathogens

Penicillin resistance 
first identified in 
pneumococcus

First 
carbapenem-

resistant enteric 
Gram negative 
rod identified in 

the US

Clostridium difficile 
first identified as a 
cause of antibiotic 
associated colitis
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Estimated annual cases
Infections (No.) Deaths (No.)

Carbapenem-resistant enteric Gram 
negative rods

9,300 610

Drug-resistant Gonococci 2,467,000 <5
Multidrug resistant Acinetobacter 7,300 500
Extended-spectrum beta-lactamase 
(ESBL) enteric Gram negative rods

26,000 1,700

Vancomycin resistant Enterococci 
(VRE)

20,000 1,300

Multi-drug resistant Pseudomonas 6,700 440
Methicillin-resistant S. aureus (MRSA) 80,000 11,000

Boucher HW. IDSA 2015, San Diego, CA
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“… the aging of the US population has shifted drug discovery efforts towards 
agents that treat chronic medical conditions that are more prevalent among 
elderly persons, such as hypercholesterolemia, hypertension, mood disorders, 
dementia, and arthritis. Conversely, antimicrobials are usually used for short-
course therapies that cure disease and thus eliminate their own need in a given 
patient.” – B. Spellberg
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Americans love their antibiotics



Hicks LA et al. N Engl J Med 2013;368:1461

Antibiotic Prescriptions per 1000 Persons of All Ages 
According to State, 2010.



Primary care office visits and antibiotic prescriptions for acute respiratory illnesses in the 
United States 

Ralph Gonzales et al. Clin Infect Dis. 2001;33:757-762
© 2001 by the Infectious Diseases Society of America
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Fridkin S, et al. MMWR 2014;63(9):194

Almost 60% of 
patients who get 
hospitalized are 
put on antibiotics
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Hospitals treat patients the same, right?

Baggs J, et al. JAMA Intern Med. 
2016
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Levin PD, et al. J Hosp Med 
2012;7:672

As a general rule, we 
are not always very 
good at picking the right 
antibiotics



27

Fridkin S, et al. MMWR 2014;63(9):194
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Review of meropenem use at Geisinger

Review of 255 meropenem orders 
6 month period 
Only 36% of meropenem orders were for generally appropriate indications:

– Patients with a history of ESBL, or having documented ESBL enteric Gram negative rod 
infection

– History of, or documented Pseudomonas infections
– Acinetobacter infections
– Empiric use for meningitis in patients with penicillin/cephalosporin allergies

ID service consulted in less than half of cases
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Yes (%) No (%) Unknown 
(%)

Documented infection 
present

53 
(55.2%)

43 
(44.8%)

--

Alternative oral option 
available

39 
(40.6%)

57 
(58.3%)

1 (1.1%)

Duration of therapy 
appropriate

59 
(61.5%)

37 
(38.5%)

--

Review of Fluoroquinolone use at Geisinger
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C diff.  C diff run.  Run, diff, run!
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• Estimated number of cases of 
C diff infection in the United 
States: 453,000 annually

• Associated with 29,000 
deaths

• Female slightly more affected 
than male: 256,000 cases vs. 
197,000 cases

• Age group >65 years 
disproportionately affected: 
259,800 cases

Lessa FC, et al. New Engl J Med 2015;372:825
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Consequences of C diff

Longer length of stay (13.2 vs 8.5 days)
Higher rates of inpatient mortality (OR 1.13 

95%CI 1.09-1.17)
Higher cost of care (39.3% higher on avg)
Higher 30-day, 60-day, and 90-day 

readmission rates (OR 1.77-1.83 with 
95%CI 1.73-1.87)

P value <0.01

Magee G, et al. Am J Infect Con. 2015;43:1148
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What can antimicrobial stewardship hope to accomplish? 
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Fishman N. Am J Med 2006;119:S53
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Camins BC, et al. Infect Control Hosp Epidemiol
2009;30:931
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Where do we go from here?
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1920 1940 1960 1980 2000 2020

CMS mandates that all 
hospitals have an Antimicrobial 
Stewardship Program by 2017

WHO declares antibiotic 
resistance a worldwide threat 

to public health

The White House crafts a National 
Action Plan for combating antibiotic 

resistance

Joint 
Commission 
mandates that 
Antimicrobial 
Stewardship 
Programs are 
necessary for 
accreditation
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• Immediate nationwide infection control and antibiotic stewardship interventions, over 5 
years, could avert an estimated 619,000 HAIs resulting from CRE, multidrug-resistant 
Pseudomonas aeruginosa, invasive methicillin-resistant Staphylococcus aureus
(MRSA), or C. difficile

• A coordinated response to prevent CRE spread across a group of inter-connected 
health care facilities resulted in a cumulative 55-74% reduction in acquisitions

Slayton RB, et al. MMWR 2015;64:1
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What should an antimicrobial stewardship program consist of?

Prospective monitoring of antibiotic use with intervention and feedback
Formulary restriction and preauthorization
Education
Guidelines and clinical pathways
Streamlining or de-escalation of therapy
Dose optimization
IV to PO switch

Clin Infect Dis 2007;44:159-177
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Antimicrobial Stewardship at Geisinger

Use of restricted antimicrobials and reviewing them for appropriateness within 2-3 days
Help ensure clearly documented approved indications for antibiotics 
Review antimicrobial sensitivity patterns and develop evidence-based treatment 

guidelines with input from local susceptibility patterns 
Formal Infectious Diseases consultation in the following situations:    

– Continued use of restricted Antimicrobials 
– Severe Complicated Clostridium difficile Disease 
– All patients receiving simultaneously ≥ 3 antimicrobials
– Any documented Staphylococcus aureus bacteremia 
– Any patients expected to be discharged on intravenous antimicrobial therapy

IV to PO conversion when appropriate
Automatic stop dates of 5 days 
Daily review for “drug/bug” mismatches
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The need for a cultural change

The concept of an “Antibiotic time out”:
– What bacterial infectious syndrome are we 

actually treating?
– What diagnostic studies need to be done/have 

been done? What are the results?
– Is this drug really the one needed?
– Is this drug being dosed and administered 

properly?
– Are there any side effects from this antibiotic 

we should be monitoring for?
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Emphasis should be on the patient

Historically the emphasis of antimicrobial stewardship was on cost savings
Primary purpose of any Antimicrobial Stewardship Program should be to 

optimize clinical outcomes and minimize unintended consequences of 
antimicrobial use:
– Improve patient outcomes
– Toxicity
– Selection of antimicrobial resistance
– Clostridium difficile
– Appropriate monitoring and follow-up
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Thank you for your 
attention. Now please, 

wash your hands!
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