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Objectives
•To demonstrate regional differences in 
antibiotic use
•To outline the sources of inappropriate 
antibiotic use
•To show the consequences of inappropriate 
antibiotic use



Perfect antimicrobial
•Kills the offending microbe
•Does not kill all microbes
•Does not kill you



Penicillin



Fungus kills bacterium
Fleming�s bad technique saves millions



Scope of the problem

• Clinic

• Hospital

• Farming



Evidence for regional 
differences in antibiotic use





Antibiotic prescribing per 1000 persons by state (sextiles) in 2011 for all ages (A) and persons 
aged ≤2 (B), 3–64 (C), or ≥65 (D) years.

Lauri A. Hicks et al. Clin Infect Dis. 2015;60:1308-1316

Published by Oxford University Press on behalf of the Infectious Diseases Society of America 
2015. This work is written by (a) US Government employee(s) and is in the public domain in the 
US.







Antibiotic ReportAntibiotic ReportAntibiotic ReportAntibiotic Report

Data Source:  Medicare Part D Fee for Service Claims 

Time Period:  10/1/2016-9/30/2017

Table 1: Antibiotic Prescriptions
                 Compares county average to state average for antibiotic prescriptions 

Table 2: Antibiotic Utilization by Drug Class
                 Compares county average to state average of specific antibiotic drug classes

Includes: 
   Absorbable sulfonamides
   Aminoglycosides
   Amoxicillin/clavulanate
   Azithromycin and clarithromycin
   Cephalosporin (first generation)
   Cephalosporin (second, third, fourth generation)
   Clindamycin
   Macrolide (other than azithromycin and clarithromycin)
   Miscellaneous antibiotics
   Miscellaneous antibiotics of concern
   Penicillin (other than amoxicillin/clavulanate)
   Quinolone
   Tetracyclines

Table 3:  Antibiotic Prescriptions by Drug’s Spectrum of Activity
                  Compares county average to state average for broad and narrow drug’s spectrum of activity 
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Date of download:  5/28/2018 Copyright © 2016 American Medical 
Association. All rights reserved.

From: Estimating National Trends in Inpatient Antibiotic Use Among US Hospitals From 2006 to 2012

JAMA Intern Med. 2016;176(11):1639-1648. doi:10.1001/jamainternmed.2016.5651

Mean DOT per 1000 Patient-days by US Census Division Between January 1, 2006, and December 31, 2012Across all hospitals, 
the mean DOT per 1000 patient-days by census division were estimated by generalized estimating equation models controlling for 
year, case mix index, average patient age, bed size category, teaching status, urban or rural facility location, proportion of surgical 
discharges, average comorbidity score, facility geographic location, critical care setting, and proportion of inpatient-days in which the 
International Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code was related to an infection. DOT 
indicates days of therapy.

Figure Legend: 



Date of download:  5/28/2018 Copyright © 2016 American Medical 
Association. All rights reserved.

From: Estimating National Trends in Inpatient Antibiotic Use Among US Hospitals From 2006 to 2012

JAMA Intern Med. 2016;176(11):1639-1648. doi:10.1001/jamainternmed.2016.5651

Mean DOT per 1000 Patient-days for All AntibioticsAcross all hospitals, the change in mean DOT per 1000 patient-days were estimated by generalized 
estimating equation models controlling for case mix index, average patient age, bed size category, teaching status, urban or rural facility location, proportion of 
surgical discharges, average comorbidity score, facility geographic location, critical care setting, and proportion of inpatient-days in which the International 
Classification of Diseases, Ninth Revision, Clinical Modification diagnosis code was related to an infection. Data points represent mean DOT per 1000 patient-
days for each antibiotic class, and the whiskers represent 95% CIs. DOT indicates days of therapy.

Figure Legend: 



Local ED data July 2017 to March 2018

4%
6% 7% 8% 10

% 11
%

11
%

11
% 13

% 14
%

15
%

15
%

15
%

15
%

16
%

16
%

17
%

17
%

17
%

18
%

18
%

18
%

19
%

19
%

19
%

19
%

20
%

20
%

20
%

20
%

20
% 21

%
22

% 23
%

23
%

23
%

23
%

23
% 24

%
25

%
25

%
25

%
26

% 26
% 28

% 30
% 33

%
40

%
58

%

0%

10%

20%

30%

40%

50%

60%

70%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

%
 A

BX
 P

ER
 E

D 
VI

SI
T

INDIVIDUAL ED PROVIDERS

JA
M

A 
ED

 a
v. 

JAMA Internal Medicine September 2018 Volume 178, Number 9 1267 

ED
 a

v. ED
 re

sid
en

t a
v.



ED data July 2017 to March 2018
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How many Abx prescriptions 
are inappropriate???



Prevalence of inappropriate Abx use in 
outpatient settings 2010-2011

Fleming-Dutra KE JAMA. 2016;315(17):1864-1873.
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Prevalence of inappropriate Abx use in 
outpatient settings 2010-2011

Fleming-Dutra KE JAMA. 2016;315(17):1864-1873.
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Consequences of Abx 
overuse
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Overall rates of Vancomycin Resistant Enterococcus showed a significant increase over the years. 

 
 
3.11-Neisseria meningitidis 

 
Neisseria meningitidis is a colonizer of a few percent of the population and also an important cause of 

septicemia and pyogenic meningitis. Reduced susceptibility to rifampin is of concern since this antibiotic 
is often used for prophylaxis of close contacts. The number of Neisseria meningitidis tested for antibiotic 
sensitivity is very small (less than 20 per year). Sensitivity to cephalosporins and rifampin remain at 
100%. Currently, a third-generation cephalosporin (ceftriaxone orcefotaxime) is the drug of choice for the 
treatment of meningococcal meningitis and septicemia. Penicillin G, ampicillin, chloramphenicol, 
fluoroquinolone, and aztreonam are alternatives therapies (IDSA guidelines Jun 15, 2016). 
 
 
3.12-Haemophilus influenzae  

 
Haemophilus are Gram-negative bacilli specific to humans, normally colonizing the pharynx. They cause 
otitis media, sinusitis, conjunctivitis, bronchopneumonia, cellulitis and invasive disease such as 
meningitis and septic arthritis.  Some strains of H influenzae possess a polysaccharide capsule, and these 
strains are serotyped into 6 different types (a-f) based on their biochemically different capsules. The most 
virulent strain is H influenzae type b (Hib). Some H influenzae strains have no capsule and are termed 
nonencapsulated H influenza or nontypeable H influenzae (NTHi) (Medscape website 2016). 

 

Administer parenteral antibiotics (eg, ceftriaxone, ceftazidime, cefotaxime, ampicillin-sulbactam, 
fluoroquinolones,) to patients with uncomplicated meningitis for 7-14 days.  The resistance to macrolides 
is high. Cefotaxime and ceftriaxone are the initial drugs of choice for suspected Hib meningitis. 
 
Ceftiaxone and Fluoroquinolones have seen a slight increase in resistance to H. influenzae. The trend is 
shown in Table 4.7.  

y = 0.0179x + 0.4177 
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2015 Acinetobacter 
Antibiotic Group Sum of Isolates Average Res Low Res High Res 
Cefepime Cephalosporin 4 53 36% 36% 36% 

Ciprofloxacin Quinolone 53 34% 34% 34% 
Gentamicin Aminoglycosides 53 6% 6% 6% 
Imipenem Carbapenem 53 30% 30% 30% 

Tobramycin Aminoglycosides 53 6% 6% 6% 
Trimethoprim-sulfa Sulfonamide 53 23% 23% 23% 

 
 

There is a huge increase in resistance to imipenem which went from 0% in 2001 to 67% in 2010.   
 
 

3.14-Enterobacteriaceae 
 
Enterobacteriaceae is a large group of Gram-negative organisms which are widely distributed in the 

soil and are normal colonizers of the intestinal tract of humans and animals. They are an 
important cause of infection when found outside the gastrointestinal tract. They account for 30% 
of all nosocomial infectious agents isolated (30% of septicemia isolates, 20% of surgical site 
infections, 55% of urinary tract isolates and 20% of pulmonary infections isolates). Among the 
enterobacteriaceae, Escherichia coli, Klebsiella, Proteus, Salmonella, Shigella and Enterobacter 
are the most important pathogens. 

 
 
 
 
 

y = 0.0425x - 0.0657 
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Other complications of Abx (over)use

• ADRs – 143,000 ED visits annually
• Shehab et al  Clin Infect Dis 2008

• Issues with specific Abx
• Macrolides and sudden cardiac death
• FQ and tendon rupture

• C diff infection – 1/3 of all cases from community; Prior Abx major risk 
factor

Sanchez GV MMWR Recomm Rep 2016;65(No. RR-6):1–12. 
DOI: http://dx.doi.org/10.15585/mmwr.rr6506a1

http://dx.doi.org/10.15585/mmwr.rr6506a1


Why is that???



Perhaps changes in 
microbiota



Issues

• Developing resistant strains
• S. aureus and P. aeruginosa

• Selecting for already present resistant strains
• C. difficile

• Encouraging colonization with resistant strains
• Ordered microbiota protect us from colonization



Taur, Clin Infect Dis. 2012 Oct;55(7):905-14

Diversity vs Domination



We are becoming less 
diverse…

In terms of our microbiota



Blaser MJ Science. 2016 April 29; 352(6285): 544–545.



THINK OF
Antibiotics as Chemotherapy!





What is 
required to 

make an 
impact? 



Impact of controlling 
antibiotics

An inpatient example
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What is required to make an impact? 


