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ANTIBIOTIC RESISTANCE 
What is the problem?



Antibiotic Resistance Threat Report 2013

Estimated annual $20 billion in excess direct healthcare costs

CDC. Antibiotic resistance threats in the United States, 2013. www.cdc.gov/drugresistance/threat-report-2013/ 



Antibiotic Resistance 

� Some of the reasons for this are out of our control
� The ability of bacteria to mutate to resist antibiotics

� BUT- some of the most important ones are very much in our 
control
� Overuse of antibiotics
� Spread of resistant organisms in healthcare settings through poor 

infection control practices



Antibiotic use drives resistance

http://www.cdc.gov/drugresistance/about.html

Date of antibiotic introduction

Date of resistance identified

Penicillin 
1943

Methicillin 
1960

Vancomycin
1972

Levofloxacin
1996

Ceftaroline
2010

1940
Penicillin-R 

Staphylococcus

1962
Methicillin-R

Staphylococcus

1988
Vancomycin-R
Enterococcus

1996
Levofloxacin-R
Streptococcus

2011
Ceftaroline-R

Staphylococcus



Facing the End of the Antibiotic Era

� No new classes of 
antibiotics developed 
in over 10 years

� More toxic antibiotics 
being used to treat 
common infections

� Must treat antibiotics 
as precious and finite 
resource

Clin Infect Dis 2011 May; 52(suppl 5): S397-S428



Antibiotic expenditures in United States by treatment setting

62%
34%

5%
Total 2009 cost: $10.7 billion

Community
Hospitals
Nursing homes

Suda et al. J Antimicrob Chemother 2013; 68: 715–718 

Estimate >80% of antibiotic 
use occurring in outpatient 

setting



EPIDEMIOLOGY OF OUTPATIENT ANTIBIOTIC 
USE IN THE UNITED STATES

What is happening?



Outpatient Antibiotic Prescriptions per 1000 
Persons in the United States, 2013

� 849 antibiotic courses per 1000 population in outpatient settings 
� 4 prescriptions for every 5 people
� 269 million prescriptions annually in the US

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: http://www.cdc.gov/getsmart/community/pdfs/annual-
reportsummary_2013.pdf



Outpatient Antibiotic Prescriptions per 1000 
Persons in the United States, 2013

� 849 antibiotic courses per 1000 population in outpatient settings 
� 4 prescriptions for every 5 people
� 269 million prescriptions annually in the US

� Sweden in 2014: 328 antibiotic courses per 1000 population

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: http://www.cdc.gov/getsmart/community/pdfs/annual-
reportsummary_2013.pdf

http://www.sva.se/en/antibiotics-/svarm-reports



How do we compare? 
Outpatient antibiotic use in US v. Europe, 2004

Goosens CID 2007;44:1091-5.



Community Antibiotic Prescribing Practices
United States, 2013

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: 
http://www.cdc.gov/getsmart/community/pdfs/annual-reportsummary_2013.pdf
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Community Antibiotic Prescribing Practices
United States, 2013

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: 
http://www.cdc.gov/getsmart/community/pdfs/annual-reportsummary_2013.pdf
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Community antibiotic prescribing rates per 1000 population —
United States, 2013

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: 
http://www.cdc.gov/getsmart/community/pdfs/annual-reportsummary_2013.pdf

Antibiotic Prescribing Rates (per 1000) by State, 2013
All ages
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Top specialties by volume of outpatient antibiotic prescribing 
— United States, 2013

Hicks CID 2015: 60(9):1308-16; CDC. Outpatient antibiotic prescriptions — United States, 2013. Available via the internet: 
http://www.cdc.gov/getsmart/community/pdfs/annual-reportsummary_2013.pdf

Provider specialty
No. antibiotic 
prescriptions

Percent of total 
antibiotic prescriptions

Family practice 61,000,000 23%

Physician Assistants & Nurse 
Practitioners 48,000,000 18%

Internal medicine 32,000,000 12%

Pediatrics 27,000,000 10%

Dentistry 25,000,000 9%

Emergency Medicine 14,000,000 5%



Diagnoses leading to antibiotics — United 
States, 2010–11

NAMCS/NHAMCS data, 2010-11. URI=Upper respiratory infection



Overview of clinical guidelines 

� Antibiotics not indicated 
� Upper respiratory infections (URIs)
� Acute uncomplicated bronchitis
� Viral pharyngitis

� Antibiotics sometimes indicated
� Sinusitis
� Acute suppurative otitis media
� Skin and soft tissue infections (e.g. cellulitis, abscesses)

� Antibiotics indicated
� Pneumonia
� Urinary tract infections
� Streptococcal pharyngitis



Diagnoses leading to antibiotics — United 
States, 2010–11

NAMCS/NHAMCS data, 2010-11. URI=Upper respiratory infection



Just how much prescribing in the outpatient setting is 
inappropriate? 



Have we made any progress?

CDC. MMWR. 2011;60:1153-6; Lee BMC Med 2014 Jun 11;12:96



USING SURVEILLANCE AND ANTIBIOTIC USE 
DATA TOGETHER 

What about surveillance? 



Unintended Consequences of Antibiotic Use: Clostridium 
difficile

More recent estimates: 453,000 
infections and caused 15,000 
deaths in the US annually
Antibiotic exposure is the single 
most important risk for Clostridium 
difficile Infections

Exposure to antibiotics 
increases the risk of C. diff 
infection by at least 3 fold for at 
least a month
Up to 85% of patients with C. 
diff infection have antibiotic 
exposure in the 28 days before 
infection

CDC. Antibiotic resistance threats in the United States, 2013.  www.cdc.gov/drugresistance/threat-report-2013/ 
Lessa NEJM 2015;372(9):825-34



Association Between Outpatient Antibiotic Prescribing 
Practices and Community-Associated Clostridium difficile 

Infection



Association Between Outpatient Antibiotic Prescribing 
Practices and Community-Associated Clostridium difficile 

Infection
� 2011 – active and laboratory based surveillance data from 9 US 

geographic locations
� Identified adult CA-CDI cases from the surveillance area 

� C difficile – positive stool specimen from outpatients or patients < 3 days after hospital 
admission

� All cases surveillance area residents >20 y/o with no positive test <8 weeks prior and no 
overnight stay in a healthcare facility <12 weeks prior

� Outpatient oral antibiotics obtained from IMS Health© Xponent
database for 2010

� Regression models examined the association between outpatient 
antibiotic prescribing and adult CA-CDI rates 



Association Between Outpatient Antibiotic Prescribing 
Practices and Community-Associated Clostridium difficile 

Infection
� Healthcare providers prescribed 5.2 million courses of antibiotics 

among adults in the surveillance population (average of 0.73 per 
person)

� Across sites, antibiotic prescription rates and unadjusted CA-CDI rates 
varied 

� Regression modeling indicated that reducing antibiotic prescribing 
rates 10% among the surveillance population was associated with a 
17% decrease in CA-CDI rates after adjusting for age, gender, race and 
type of diagnostic assay

� Reductions in prescribing penicillins and amoxicillin/clavulanic acid 
were associated with the greatest decreases in CA-CDI rates 



Outpatient Antibiotic Prescribing and Nonsusceptible
Streptococcus pneumoniae in the United States, 1996-2003



Outpatient Antibiotic Prescribing and Nonsusceptible
Streptococcus pneumoniae in the United States, 1996-2003

� Evaluation of the relationship between antibiotic prescribing and 
nonsusceptibility among invasive pneumococcal disease (IPD) isolates 

� Analyzed IPD data from 7 of the Centers for Disease Control and 
Prevention’s Active Bacterial Core surveillance sites (pop 18.6 million)

� Abstracted prescription data from IMS Health© Xponent for penicillins, 
cephlosporins, macrolides, and trimethoprim-sulfamethoxazole



Outpatient Antibiotic Prescribing and Nonsusceptible
Streptococcus pneumoniae in the United States, 1996-2003

� Yearly prescribing rates for children <5 decreased by 37% and those >5 
also decreased by 42%

� An increase in azithromycin prescribing was noted in both groups 
� Sites with high rates of antibiotic prescribing had a higher proportion of 

IPD nonsusceptibility than did low-prescribing sites 
� Suggests that local prescribing practices contribute to local resistance 

patterns 



GET SMART: KNOW WHEN ANTIBIOTICS 
WORK 

What is happening to combat antibiotic resistance and improve use in the outpatient 
setting? 



The Get Smart Campaign

� CDC launched National Campaign for Appropriate Antibiotic Use in the 
Community, 1995 

� Get Smart: Know When Antibiotics Work, 2003

� Program works closely with variety of partners to reduce unnecessary 
antibiotic use in community

� Focus on increasing awareness among healthcare providers 
and general public
� www.cdc.gov/getsmart

http://www.cdc.gov/getsmart
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Get Smart: Know When Antibiotics Work
Educational Materials



Why might providers prescribe antibiotics inappropriately?

� Lack of knowledge of appropriate indications
� Providers generally know the guidelines

� Fear of complications
� Providers cite fear of infectious complications 
� Also adverse events

� Patient pressure and satisfaction
� Providers universally cite patient requests for antibiotics
� Providers worry about losing patients to other providers

Sanchez, EID; 2014; 20(12);2041-7



What if something bad happens?

� Without an antibiotic
� Complications from common respiratory infections are very rare
� Over 4000 patients with colds need to be treated to prevent 1 

case of pneumonia

Petersen BMJ. 2007:335(7627);982.  Shehab CID 2008;47 (6):735-43. Linder CID 2008; 47(6);744-6. CDC. Antibiotic resistance 
threats in the United States, 2013

� With an antibiotic
� Side effects

• Diarrhea in 5-25%
• Yeast infections
• Allergic reactions and anaphylaxis

� 1 in 1000 antibiotics lead to ED visit 
for an adverse event



Physician Perception of Patient Expectations

� Overt requests for antibiotics are rare
� When physicians think patients/parents want 

antibiotics, they are more likely to prescribe
� 62% when they thought parent wanted antibiotics
� 7% when they thought parent did not want antibiotics

Knapf Family Practice 2004;21(5):500-6. Mangione-Smith Pediatrics 1999;103(4):711-8

� Physicians are terrible at 
predicting which patients want 
antibiotics



Patient Satisfaction

� Patients are still satisfied if they don’t get antibiotics
� Patients are dissatisfied if communication expectations are not met

� What do patients want?
� Explanation 
� Positive recommendations
� Contingency plan

Mangione-Smith Pediatrics 1999;103(4):711-8. Mangione-Smith Arch Pediatr Adolesc Med 2001;155:800-6.   Mangione-Smith Ann Family Med 2015; 13(3) 221-7.



Communication training as a public health intervention?

� Enhanced communications training reduces antibiotic prescribing for 
respiratory infections in all ages

� Effect appears to be sustainable over time

Cals Ann Family Med 2013;11(2)157-64. Little Lancet 2013:382(9899)1175-82.



Delayed Antibiotic Prescriptions

� Safety-net prescriptions or wait-and-see prescriptions
� Give the patient an antibiotic prescription and tell them to fill it in 2-10 days if 

they are not better
� Put an expiration date on the prescription
� Consider post-dating the prescription

� Asking the patient to wait 2-10 days and call or return to clinic to get an 
antibiotic prescription

� Used when need for antibiotic is unclear or a watchful waiting period is 
indicated



Clinical Decision Support

� Effective intervention
� Acute bronchitis: 12–14% reduction in antibiotic prescribing
� Pharyngitis: reduced antibiotics use
� Pneumonia: improved antibiotic selection

� Important considerations
� Print and electronic tools are likely equally effective
� Tools need to be used to be effective

• In one study, tool was used in 6% of eligible visits
� Alert fatigue is a problem

McGinn JAMA Intern Med 2013 Sep 23;173(17):1584-91. Gonzales JAMA Intern Med 2013 Feb 25;173(4):267-73.
Linder Inform Prim Care. 2009;17(4):231-40.



Audit and Feedback

Gerber et al. JAMA 2014 Dec 17;312(23): 2569-70.



Public Commitment Posters

� Simple intervention: poster-placed in exam rooms with provider picture 
and commitment to use antibiotics appropriately 

� “As your doctors, we promise to treat your illness in the best way 
possible. We are also dedicated to avoid prescribing antibiotics when 
they are likely do to more harm than good.”

� 20% absolute reduction in inappropriate antibiotic prescribing for acute 
respiratory infections compared to controls

Meeker. JAMA Intern Med. 2014;174(3):425-31.



“All of the Above” Approach Most Successful 
in Changing Antibiotic Prescribing 

� Interventions that work
� Academic detailing 
� Audit and feedback
� Clinical decision support
� Communications training
� Public commitments

� Combined interventions are most successful 

� Interventions must be tailored by practice setting and targeted medical 
conditions

Arnold et al. Cochrane Database Syst Rev. 2005 Oct 19;(4):CD003539



INPATIENT AND NURSING HOME SETTINGS 
What about other healthcare settings? 
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Antibiotic Use and Misuse in Hospitals

� In a 2011 single-day point prevalence survey in 
roughly 200 Emerging Infection Program Hospitals, 
50% of patients were receiving at least one 
antibiotic

� Approximately 30% of antibiotic use in hospitals is 
unnecessary or inappropriate

Magill S et al. Oral Presentation Session 37, abstract 114 presented at ID Week 2012.  2012 Oct 16-21; San Diego, CA
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Antibiotic Stewardship Programs

�Antibiotic stewardship ensures that the 
patient only receives an antibiotic when 
needed AND the right drug, dose, and 
duration is prescribed

� CDC recommends that all hospitals should 
have antimicrobial stewardship programs
�Programs will look different in various hospitals, 

depending on the size and complexity of the 
patient population

Fridkin SK, Srinivasan A. Clin Infect Dis. 2013 Oct 25. 



Core Elements of Hospital 
Antibiotic Stewardship Programs

� Leadership Commitment

� Accountability

� Drug expertise

� Action to improve use

� Tracking

� Reporting

� Education

• http://wwwdev.cdc.gov/getsmart/healthcare/pdfs/core-elements.pdf

http://wwwdev.cdc.gov/getsmart/healthcare/pdfs/core-elements.pdf


National Healthcare Safety Network
Antibiotic Stewardship Programs

� Stewardship questions were 
added to NHSN for first time 
in 2015 
� >4,000 hospitals respondents
� Questions applied to calendar 

year 2014

• http://www.cdc.gov/nhsn/forms/57.103_pshospsurv_blank.pdf

c

http://www.cdc.gov/nhsn/forms/57.103_pshospsurv_blank.pdf
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NHSN Antimicrobial Use Option

� Objective:  Measure antibiotic use to provide risk-adjusted 
inter- and intra-facility comparisons

� Antibiotic resistance surveillance option also available

NHSN AU Protocol http://www.cdc.gov/nhsn/acute-care-hospital/aur/index.html

http://www.cdc.gov/nhsn/acute-care-hospital/aur/index.html
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Antibiotic use in Nursing Homes 

• Antibiotics are among the most frequently prescribed medications 
in nursing homes, with up to 70% of residents in a nursing home 
receiving one or more courses of systemic antibiotics when 
followed over a year. 

• Similar to the findings in hospitals, studies have shown that 40–
75% of antibiotics prescribed in nursing homes may be 
unnecessary or inappropriate.

• Harms from antibiotic overuse are significant for the frail and older 
adults receiving care in nursing homes. 



Core Elements of Antibiotic Stewardship for Nursing Homes

http://www.cdc.gov/longtermcare/pdfs/core-elements-antibiotic-stewardship.pdf

� Leadership Commitment

� Accountability

� Drug expertise

� Action to improve use

� Tracking

� Reporting

� Education



NATIONAL POLICY AND INITIATIVES TO 
IMPROVE ANTIBIOTIC USE 

What is the big picture? 



Get Smart About Antibiotics Week
November 14-20, 2016



World Antibiotic Awareness Week

http://www.who.int/mediacentre/events/2015/world-antibiotic-awareness-week/en/
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� Released March 27, 2015
� Outlines steps to implement 

the National Strategy and 
address policy 
recommendations

� Significant outcomes expected 
by 2020

National Action Plan for 
Combating Antibiotic-Resistant 

Bacteria (CARB)

54
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National Action Plan for Combating 
Antibiotic-Resistant Bacteria (CARB)

� Objective 1.1 Implement public health programs and 
reporting policies that advance antibiotic resistance 
prevention and foster antibiotic stewardship in healthcare 
settings and the community

� Goal: Reduction of inappropriate antibiotic use by 50% in 
outpatient settings and by 20% in inpatient settings.



The White House Forum on 
Antibiotic Stewardship

� Over 150 organizations across human and animal health:
� ~roughly 2/3 human health representing inpatient settings (hospitals, long-

term care), outpatient settings, patient advocates, diagnostic & 
pharmaceutical manufacturers (CDC lead)

� ~roughly 1/3 animal health partners representing food producers, retailers, 
veterinary societies and organizations, animal pharmaceuticals (USDA 
lead, FDA/CDC support)

� Government-wide collaboration (CDC, AHRQ, CMS, FDA, USDA, 
DOD, VA) to support implementation and acceleration of CARB 
Action Plan

56



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
Visit: www.cdc.gov | Contact CDC at: 1-800-CDC-INFO or www.cdc.gov/info

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.

www.cdc.gov/getsmart
RMRoberts@cdc.gov

National Center for Emerging and Zoonotic Infectious Diseases
Division of Healthcare Quality Promotion 

http://www.cdc.gov/getsmart
mailto:RMRoberts@cdc.gov

