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Fighting back against antibiotic resistance

AND DIAGNOSTICS



Antimicrobial Stewardship:

A Rose by Any Other Name?

 Antimicrobial stewardship refers to strategic 

efforts to optimize antimicrobial prescribing

 The “name” has evolved over time

 Antibiotic control

 Antibiotic management

 Antibiotic stewardship

 Antibiotic safety



Overall Goal: Protect Patient

Right drug

Right dose

Right duration

Recognize when not needed



Antibiotic Misuse

 Between 20-50% of antibiotic prescriptions 

are either unnecessary or inappropriate

 Given when they are not needed

 The wrong antibiotic is chosen to treat an infection

 Continued when they are no longer necessary

 Given at the wrong dose

 Broad spectrum agents are used to treat very 

susceptible bacteria

Fishman N. Am J Med. 2006 Jun;119(6 Suppl 1):S53-61



Prescribing Practices Vary, Errors 

Common

 More than half of all hospital 

patients receive an antibiotic

 Doctors in some hospitals 

prescribed 3 times as many 

antibiotics as doctors in other 

hospitals



Assessment of Treatment of UTI in 
36 Hospitals

Treatment No. (%)

Patients treated for UTI present on 

admission, without indwelling catheter
111 —

Urine culture was not ordered, although standard 

practice before treatment 
18 (16.2)

Urine culture was positive, but no documented 

symptoms were present 
23 (20.7)

Urine culture was negative, and no documented 

symptoms were present 
3 (2.7)

No. of patients with potential for 

improvement in prescribing
44 (39.6)

MMWR March 7, 2014 / 63(09);194-200



Poor Prescribing Harms Patients

 Decreasing the use of 

antibiotics that most often lead 

to C.difficile infection by 30% 

could lead to 26% fewer of 

these infections

 Patients getting broad-

spectrum antibiotics are up to 

3x more likely to get another 

infection from an even more 

resistant germ



Clostridium difficile Infections

Antibiotic exposure is the single most 

important risk factor 

 Exposure to antibiotics increases the risk of C. diff 
infection by at least 3 fold for at least a month1

 Up to 85% of patients with C. diff infection have 
antibiotic exposure in the 28 days before infection2

1. Stevens et al.  Clin Infect Dis. 2011 Jul 1;53(1):42-8

2. Chang HT et al. Infect Control Hosp Epidemiol 2007; 28:926–931



Antibiotic-Related Adverse Events

 Antibiotics account for nearly 1 in 5 (19.3%) 

drug-related adverse events

 >140,000 ER visits/year due to adverse effect of 

antibiotics

 Admission required for 6.1% of adverse events

 Side Effects:  Fluoroquinolones (an example)

 Increased INR

 QT interval prolongation

 Tendon rupture

 Risk of hypo- and hyperglycemia
Shehab et al. Clin Infecti Dis. 2008;47:735



Antibiotic Use Drives Resistance

For individuals

 Getting an antibiotic increases a patient’s 

chance of becoming colonized or infected 

with a resistant organism

Within healthcare settings

 Increasing use of antibiotics increases the 

prevalence of resistant bacteria in hospitals

Patel G et al. Infect Control Hosp Epidemiol 2008;29:1099-1106

Zaoutis TE et al. Pediatrics 2005;114:942-9

Talon D et al. Clin Microbiol Infect 2000;6:376-84



Rationale for Antimicrobial Stewardship

 Improve Patient Care and Safety

 Prevent C. difficile infections

 Minimize adverse events

 Good clinical practices

 Reduce Resistance

 Decrease deaths

 Preserve antimicrobial effectiveness



The Public Health Perspective

 Infection control efforts will reduce transmission, but 

cannot prevent development

 Addressing C. difficile and multidrug resistant 

organisms without addressing overuse and misuse 

of antibiotics can only go so far

 Better antibiotic prescribing gets at the root of the 

issue



The Public Health Perspective

 Antibiotics are a Shared Resource 

 Antibiotic use in one patient can impact the 

effectiveness in another

 If everyone does not use antibiotics wisely, we will 

all suffer the consequences

 Antibiotics are becoming a scarce resource



Reason for Concern:
Declining New Antimicrobials in the U.S.

Spellberg. Arch Intern Med. 2011; 171(12): 1080–1081. 

• Drug 

development 

takes 10 

years

• ~$400-800 

million per 

approved 

agent

• No new  gram 

(-) coverage 

in the 

pipeline



Additional Benefit: Cost Savings

 Improving antibiotics use saves money

 Comprehensive programs have consistently 

demonstrated a decrease in antimicrobial use 

with annual savings of $200,000 - $900,000

 Cost savings due to:

 Less pharmacy expenditure

 Limiting increased costs associated with resistant 

infections (Length of stay, Readmission)

IDSA/SHEA Guidelines for Antimicrobial Stewardship Programs

http://www.journals.uchicago.edu/doi/pdf/10.1086/510393



STRATEGIES FOR PROMOTING 
APPROPRIATE USE



CDC Vital Signs: Improving Antibiotic 

Prescribing Practices in Hospitals

7 Key Elements 

 Leadership 

commitment

 Accountability

 Drug expertise

 Action

 Tracking

 Reporting

 Education 



Building the Foundation

 Facility leadership support

 Formal statement that leadership supports efforts 

to improve and monitor antibiotic prescribing 

 Assurance  that involved staff has time, authority, 

and accountability

 Funding can augment efforts

• Staff time to accomplish goals

• Training for staff

• IT support



Core Contributors

• Risk assessment and prevention planning skills

• Collect, analyze and report antibiotic-related data

Infection 
Preventionists

• Input into specimen collection and proper use of relevant tests

• Review information flow of results to clinicians

• Create and interpret a facility antibiotic resistance report 
Laboratory 

• Review medications as part of their routine duties

• Could contribute through prompting discussions of antibiotic 
treatment, indication, and duration

Nursing

• Create ways integrate guidelines and policies with decision 
support at point of care

• Track antibiotic use through medication administration records

Information 
Technology (IT)



CDC Vital Signs: Improving Antibiotic 

Prescribing Practices in Hospitals

7 Key Elements 

 Leadership 

commitment

 Accountability

 Drug expertise

 Action

 Tracking

 Reporting

 Education 



Starting points

 The Antibiotic Formulary
 Know what antibiotics are available to prescribers

 Characterize their use in your facility, especially 

among broad-spectrum agents

 Guidelines
 Develop facility-specific guidelines, to assist with 

antimicrobial selection

• Surgical prophylaxis

• Pneumonia

• Urinary tract infections



Interventions

 Guidelines, policies, and protocols alone will 

probably not change practice

 Active interventions are most effective

 Prospective audit

 Formulary restriction and preauthorization

 Antibiotic ‘Time Out’



Prospective Audit

 An physician or pharmacist reviews orders 

and intervenes with modification of order 

and feedback to prescriber 

 Results in improved use, decreased costs

 Caveats:

 Time and labor intensive

 Many settings do not have capacity

 Providers may not be receptive



Formulary restriction and 

preauthorization

 Specific antibiotics cannot be ordered 

without authorization

 Useful in response to healthcare-associated 

outbreak



Impact of Fluoroquinolone Restriction 

on Rates of C. difficile Infection (CDI)

0

0.5

1

1.5

2

2.5

2005 2006

Month and Year

H
o

s
p

it
a
l 

o
n

s
e
t 

C
D

I 
/1

,0
0
0
 p

a
ti

e
n

t 
d

a
y
s

2007

Kallen et al. Infect Control Hosp Epidemiol. 2009 Mar;30(3):264-72.



An Antibiotic ‘Time Out’

 The ‘time out’ concept is borrowed from surgery

 A concrete point in time dedicated to reviewing 

antimicrobial choice and duration

 Reappraise therapy when more clinical data are 

available (usually in 48-72 hours)

 Decide about  continuation, narrowing therapy and 

specify a duration

 Recommended changes are better received and 

more likely to be followed at a later time point



ICU Antibiotic ‘Time Out’ Results

• Broad spectrum use 

decreased

– 644 to 503  days of 

therapy/1,000 pt days

– Cost savings of $95,000/year

• C. diff infections

– ICU: Decreased 11 to 6 cases

– Control wards: Increased 87 

to 116 cases

• Meropenem susceptibility 

increased from 78.2% to 

83.4% in ICU isolates

•
Walker et al. ICHE .2012;33(4):354



What are the ‘Drivers’ of Appropriate Use?

 Appropriate initiation

 What to treat.  What not to treat.

 Obtaining cultures

 Choosing based on guidelines and local susceptibility

 Start promptly 

 Appropriate administration and de-escalation

 Correct dosing, route, and timing

 Stop or change based on culture

 Reconciling antibiotics at all transition in care



Model for Improvement

Choose something to 

improve

Establish a measure

Plan how to improve

Specific ‘Tests of 

Change’

Langley GL, Nolan KM, Nolan TW, Norman CL, Provost LP. The Improvement Guide: A Practical Approach to Enhancing 

Organizational Performance (2nd edition). San Francisco: Jossey-Bass Publishers; 2009.



Moving Stewardship to the Front Lines

 Every practitioner and  each facility should 

embrace the responsibility to optimize 

antibiotic use

 Not “create a stewardship program”

 But “implement a specific intervention”

 Starting point:  Identify specific ideas that 

people can do to improve antibiotic use



Measurement Matters

 You cannot improve something you cannot 

measure

 However…measurement of antibiotic use 

remains a major challenges in stewardship

 Does higher use equate to inappropriate use?

 Stewardship involve often multiple interventions.

 Can resistance patterns reflect good prescribing?



Indicator Types

Indicators Examples

Structure
• Program infrastructure

• Policies & guidelines

Process
• Adherence to recommended practices

• Antimicrobial use (process /outcome)

Outcomes
• C. Diff infections

• Resistance patterns



Process Measures

 Percent of patients  for whom
 Cultures were obtained prior to first dose of antibiotics 

 Antibiotic start date was documented at the point of care 

 Antibiotic stop date/duration was documented 

 Antibiotic indication was documented

 Follow up on culture results
 Was antibiotic selection modified to culture result?

 Percent of patients who received treatment 

according to facility guidelines

Recommended based on pilot testing

http://www.cdc.gov/getsmart/healthcare/learn-from-others/driver-diagram/measurement-framework.html



CDC Strategies to Measure and 
Improve Antibiotic Use in Hospitals

 Measure use and stewardship programs

 Overall antibiotic use

 Appropriate antibiotic use

 Stewardship programs in US hospitals

 Improve Use

 Education and promotion

 Policies

 Innovate



CDC Approach to Measuring 
Antibiotic Use

 Broad (ideally national) assessments of 

aggregate use.

 Facility specific assessments of antibiotic 

administration data

 NHSN AU option

 Detailed assessments of appropriate 

antibiotic use.

 EIP antibiotic use assessment



Measurement of Use

 Antibiotic Use Module

 National Healthcare Safety Network (NHSN) 

module 

 Provides facilities a mechanism to report and 

analyze antimicrobial use

 Antimicrobial use is captured by pharmacy 

information software 

 Launched in 2012, but in early stages of uptake

http://www.cdc.gov/nhsn/PDFs/pscManual/11pscAURcurrent.pdf

http://www.sidp.org/Resources/Documents/SIDP_Stewardship_Vendor_List_9_5_12.pdf

http://www.cdc.gov/nhsn/PDFs/pscManual/11pscAURcurrent.pdf


Antibiotic Use Data for a Hospital 

(AU Analysis Output Example)

 Line List Rate Tables, by Location

*Data is for example only



Measure Antibiotic Use in US 
Hospitals

 Current efforts to measure overall and 

appropriate antibiotic use will inform our 

development a metric to submit to the 

National Quality Forum.

 Seeking a metric based on the measure in the 

AU option- antibiotic days per 1000 patient 

days present.



Challenges With A Quality 
Measure on Antibiotic Use

 Will require good benchmarking to help 

facilities know if they are outliers.

 Being an “outlier” does not necessarily 

mean there is a problem.

 The measure would allow facilities to 

compare and might suggest areas where 

further review is warranted.



Measure Antibiotic Stewardship 
Programs in US Hospitals

 CDC adding questions on Antibiotic Stewardship 

Programs to the annual facility survey of NHSN.

 Would provide information from ~4000 hospitals 

reporting data to NHSN.

 Questions will be based on the items in the 

“Core Elements” documents.

 Will provide some details on how the programs are 

being implemented, rather than mere presence of a 

program.



Improve Use- Policies

 CDC continues to work with CMS to 

support and inform discussions on policy 

options to improve antibiotic use.

 Collaboration on policies to promote  

development of new drugs (LPAD)



Innovate

 CDC funding a multi-year project to do a 

multi-center assessment of post-

prescription antibiotic reviews on a variety 

of outcomes.

 CDC partnered with Prevention Epicenters 

and Emerging Infections Program 

investigators to submit a letter of intent to 

PCORI on a large-scale stewardship 

intervention to reduce C. difficile.



The Human Microbiome



Antibiotic Resistance Threat from 

Microbiome Disruption

Antibiotic

disruption

Normal

microbiome:

Resistant to 

colonization

Disrupted

microbiome:

Susceptible to

colonization 

Multidrug

Resistant Organism*

Overgrowth 

and Dominance

*Examples include carbapenem-resitstant enterobacteriaceae, vancomycin-restant

enterococci, extended-spectrum beta-lactamase producing enterobacteriaceae.

May also include transfer of genetic transfer of resistance determinants 

Colonization

Further

Antibiotic

disruption

Cross

Transmission



http://www.cdc.gov/getsmart/healthcare/implementa

tion/core-elements.html



CDC’s Get Smart Programs



Avoiding Unintended 
Consequences

 Promote prompt use when needed

 Severe infection

 Early treatment of sepsis

 Promote use of new drugs when needed



Conclusions

 Improving antibiotic use is an important public health 

priority

 It is also a healthcare quality and safety issue

 Many opportunities exist to improve prescribing

 Guidelines, policies and education are a start, but not enough

 Stewardship programs can exist in any hospital setting

 Small interventions can have big impact

 Measurement of practices and antibiotic use fuels 

improvement

 Innovative strategies in the future



For more information please contact Centers for Disease Control and 

Prevention
1600 Clifton Road NE, Atlanta, GA 30333

Telephone, 1-800-CDC-INFO (232-4636)/TTY: 1-888-232-6348

E-mail: cdcinfo@cdc.gov Web: www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the official 

position of the Centers for Disease Control and Prevention.

National Center for Emerging and Zoonotic Infectious Diseases

Division of Healthcare Quality Promotion

Thank you


