Clinical Impact of Resistance
and Control of Antibiotic Usage

Stephen A. Lerner, M.D.
Professor of Medicine
Division of Infectious Diseases
Wayne State University School of Medicine
Detroit, Michigan, USA
slerner@med.wayne.edu



Problem Bacteria Whose Treatment Has Been
Seriously Compromised by Resistance

* Blurring of distinctions between community-acquired
and healthcare-associated isolates
— Strep. pneumoniae is still primarily CA
— Great overlap for MRSA (both CA and HA)
— The distinctions are especially confused for GNB:

Long-term care facilities (LTCFs)
Intermediate-care (skilled nursing) facilities

Patients with chronic conditions that expose them to healthcare-
associated bacteria and antibiotic therapy (e.g., end-stage renal
disease on hemodialysis, sickle-cell disease)



B-Lactam Resistance in Strep. pneumoniae

Alterations of target PBPs by mutations

— Point and chimeric (replacement of gene sequences en bloc); no plasmids

— Incremental increases in pen MICs to low-level resistance

* High-dose pen is still adequate for Rx of pneumococcal infections everywhere but in the CSF
» Ceftriaxone/cefotaxime have greater activity
e Carbapenems (e.g., imipenem) have even greater activity

Therapeutic alternatives to B-lactams

— Strains are often coincidentally resistant to clindamycin, TMP/SMX,
tetracyclines

— Macrolides: 50% R, but telithromycin (a ketolide) is somewhat better

— Moxifloxacin: Very low resistance; convenient; serious concerns about
selection of FQ resistance in S. pneumo and other organisms

— Vancomycin: No resistance so far. Presumptive treatment (can’t afford to be
wrong) with vanco + ceftriaxone for known or suspected pneumococcal
meningitis



Education about Antibiotic Usage
in the Community: Michigan Antibiotic
Resistance Reduction (MARR) Coalition

Statewide coalition of academic infectious disease
and infection control, government (Michigan Dept. of
Community Health), Pharmacy schools, industry
(both pharmaceutical and non-pharmaceutical)

Projects include:

— “Antibiotics and You”: targeting elementary school children
— Educating staff in LTCFs
— Educating physicians directly and via online education

Major support from CDC; also health insurance and
other industries

Website: www.mi-marr.org



Bad Bugs, No Drugs: No ESKAPE! An Update
from the Infectious Diseases Society of America

Helen W. Boucher,' George H. Talbot? John S. Bradley?*® John E. Edwards, Jr**’ David Gilbert,? Louis B. Rice,*"
Michael Scheld,” Brad Spellberg,**” and John Bartlett”

* Bad Bugs, No Drugs: No ESKAPE

— Enterococcus faecium (E), Staphylococcus aureus (S), Klebsiella
pneumoniae (K), Acinetobacter baumannii (A), Pseudomonas
aeruginosa (P), and Enterobacter spp. (also E. coli) (E)

* The late-stage clinical development pipeline remains
unacceptably lean

— Some important molecules for problematic pathogens
such as MRSA and E. faecium

— Few novel prospects for other ESKAPE pathogens, especially

multidrug-resistant gram-negative bacilli, such as A. baumannii and
P. aeruginosa)



“ESKAPE” Pat hoge

Hospital-Wide Resistance Rates Are a Global Problem

North America (US ONLY)

_ Europe
I\\ZEE,&E faecium) 33.4% VRE (E. faecium) 16.3%
5370 MRSA ‘ 25.1%
ESBL-K. pneurﬁoniae 9.7% ESBL-K. pneumoniae 15'32/0
A. baumannii (IMP-R)  13.1% A baumannit (IMP-R) 12.8%
P. aeruginosa (IMP-R) 17.4%

P. aeruginosa (IMP-R) 15.1%

Enterobacter spp (Caz-R) 22.9% SMIRIOEREIET SEp (GEZ2e60

Latin America Asia Pacific
VRE (E.faecium) 46.3% VRE (E. faecium) 22.5%
MRSA 46.6% MRSA 40.7%
ESBL-K. pneumoniae 37.9% ESBL-K. pneumoniae 19.7%
A. baumannii (IMP-R) 37.6% A. baumannii (IMP-R) 32.6%
P. aeruginosa (IMP-R) 35.8% P. aeruginosa (IMP-R) 18.1%
Enterobacter spp (Caz-R)43.4% Enterobacter spp (Caz-R)42.8%

Source: www.testsurveillance.com (last access January 7, 2009)
Rice LB. J Infect Dis. 2008;197:1079-81



Enterococcus faecium (and faecalis)

* With the advent of vancomycin-resistant E. faecium,
which are intrinsically resistant to ampicillin and
carbapenems, in the mid-1990s we encountered
virtually untreatable organisms

— Fortunately, enterococci have relatively low virulence, and
treatment is not always required in mixed infections,
unless also in blood; IV catheter infections may clear if the
catheter is pulled

* Forinfections that required treatment, Synercid (a
synergistic combination of two streptogramins)
became available and saved lives



Enterococcus faecium (and faecalis) (2)

e At the Detroit Medical Center (DMC) (2009):
— E. faecium ~87% R ampi ~80% R vanco
— E. faecalis ~1% R ampi ~16% R vanco



Newer Drugs Active Against VRE (and MRSA)

* Synercid (synergistic combination of two streptogramins)
— Bactericidal
— IV only
— Active against E. faecium but not E. faecalis
— Side-effect of total-body tenderness
— Rarely used

* Linezolid (oxazolidinone)
— Bacteriostatic
— Both po and IV

— Occasional thrombocytopenia, esp. after 14 days (need to check
plt counts at least weekly)

— Emergence of resistant isolates
— Increasingly important for MRSA



Newer Drugs Active Against VRE (and MRSA) (2)

* Daptomycin (lipopeptide)
— Rapidly bactericidal (important for bacteremias)
— IV only
— Binds to surfactant, so not effective in pneumonia
— Occasional elevations of creatine phosphokinase (CPK) and
associated muscle aches; seems not to be a serious problem
— Increasingly important for MRSA
* Tigecycline (glycylcycline; derivative of minocycline)
— Bacteriostatic
— IV only

— Active not only against Staph, Strep, and Enterococcus, but also
against Enterobacteriaceae and Bacteroides fragilis

— Primarily for mixed infections



Problems with MRSA

~60-65% of SA are MR (both ICU and non-ICU) (DMC
2009) (for presumptive treatment, must assume MR)
Vancomycin MIC creep (the future bodes ill)

— MICs have been generally rising

— For vanco MIC >1 ug/ml, efficacy reduced, and even higher MICs
may be selected (hVISA)

— Therefore, for MIC >1 (>50%), we use dapto (esp. for
bacteremia) (but not for pneumonia, in which case we use
linezolid)

Other alternatives to vancomycin
— TMP/SMX: IV/po; cidal; ~90% are S

— Clindamycin: IV/po; not reliably cidal; must check D-test; ~50% S
We are losing vancomycin, but we have alternatives



Problems with Enterobacteriaceae

 ESBL — Klebsiella pneumoniae and E. coli (~8-10%)
— >90% S to carbapenems, cefotetan/cefoxitin, tigecycline

 KPC R-lactamases (~1-3% Kleb pneumo R to
carbapenems, as well as other B-lactams)

* Derepressed AmpC R-lactamases (Serratia,
Citrobacter, indole-pos Proteus, Enterobacter; also

Pseudomonas)
— Broadly R to 3-lactams, but S to carbapenems



Klebsiella pneumoniae Carbapenemases (KPCs)

* Plasmid-mediated carbapenemases

e KPC-producing strains of Klebsiella pneumoniae and
other Enterobacteriaciae

» KPC-3: Major outbreak/spread in Brooklyn, NYC*

— 24% of K. pneumoniae infections were due to KPCs in 2
hospitals

e Country-wide outbreak ongoing in Israel*®

*Bratu, AAC, 2005; Quale, CID, 2004; Leavitt, AAC, 2007



KPCs (2)
Now spreading in mid-Atlantic US, other parts of the US,
including Michigan/DMC

— Single traveler can introduce organism into a
hospital/region

Might appear susceptible to imipenem or meropenem, but
with borderline MICs

— Usually ertapenem-resistant
— Modified Hodge test to confirm

Usually susceptible only to colistin, tigecycline, select
aminoglycosides, and possibly TMP/SMX

Easily spread in hospitals (often requires cohorting of staff
and patients to control)



The Growing Threat of KPC Enzymes in the US

h

] Frequent Occurrence

Sporadic Isolate(s)

Srinivasan A, Patel JB. Infect Control Hosp Epidemiol. 2008;29:1107-1109.




Acinetobacter baumannii

* Traditionally ICU and Burn Unit organism

* Now being seen in general hospital population
and nursing homes

* Antimicrobial resistance is a major concern



Susceptibility trends of Acinetobacter baumannii

at Detroit Medical Center (DMC), 2003-2008*

No. of Imi AVAS Ceftaz | Cipro | Tmp/Smx | Amik | Tobra
Isolates
2003 566 99% 89% 36% 32% 33% 90% 41%
2004 593 97% 86% 43% 31% 31% 77% 36%
2005 890 99% 87% 28% 24% 26% 81% 28%
2006 751 99% 62% 26% 24% 27% 92% 56%
2007 1175 65% 37% 16% 14% 17% 63% 60%
2008 1239 42% 40% 15% 15% 18% 33% 65%

Reddy, ICAAC, 2009




Pseudomonas aeruginosa

* The most commonly encountered multiresistant
gram-negative pathogen

* Relatively low pathogenicity: mainly a problem in
— |CUs
— Burn Unit
— Pts from long-term care facilities

— Additional risk factors: immunocompromised,
debilitiated, prior hospitalizations, prior antibiotic
therapy, trauma outdoors with exposure to water/soil



P. aeruginosa Susceptibilities (DMC 2009)

Cefepime/ceftazidime/pip(tazo): 80-90%
Imipenem/meropenem: 80-95%

Ciprofloxacin: 75-85% (lower for strains already R to
carbapenems)

Amikacin: 92-96%
Tobramycin: 87-92%
Gentamicin: 71-84%



So, what can we do?

* There is relatively little incentive to develop
novel drugs for the treatment of multiresistant
gram-negative bacterial infections, since the
target patient population is tiny, compared
with the S. aureus problems. Thus, the
investment in new drugs for this market is low.

* Our only practical alternative is to exercise
prudence in when and how we utilize
antibiotics, to reduce the selective pressure, in
addition to a robust infection control program
to limit the spread of resistant organisms.



Antibiotic Stewardship

Infectious Diseases Society of America and the
Society for Healthcare Epidemiology of America
Guidelines for Developing an Institutional Program
to Enhance Antimicrobial Stewardship

Timothy H. Dellit,' Robert C. Owens,® John E. McGowan, Jr.,? Dale N. Gerding,' Robert A. Weinstein,®
John P. Burke,! W. Charles Huskins,” David L. Paterson,® Neil 0. Fishman, Christopher F. Carpenter,” P. J. Brennan,®
Marianne Billeter,"" and Thomas M. Hooton"

"Harborview Medical Center and the University of Washington, Seattle: *Maine Medical Canter, Portland: *Emaory University, Atlanta, Georgia:
*Hines Veterans Affairs Hospital and Loyola University Stritch School of Medicine, Hines, and =Stroger (Cook County] Hospital and Rush
University Medical Center, Chicago, llinois: SUniversity of Utah, Salt Lake City: "Mayo Clinic College of Madicine, Rochestar, Minnesota;

M niversity of Pittsburgh Medical Canter, Pittsburgh, and SUniversity of Pennsylvania, Philadelphia, Pennsyivania; "™William Beaurmont Hospital,
Royal Oak, Michigan; "Ochsner Health System, Mew Orleans, Louisiana; and “University of Miami, Miami, Florida




Why Participate in Stewardship?

e The primary goal of stewardship is to...

Optimize clinical outcomes while minimizing
unintended consequences of antimicrobial
use, including toxicity, the selection of
pathogenic organisms, and emergence of
resistance.

e Secondary goals...

Reduce healthcare costs without adversely
impacting quality of care.

Dellit TH et al. Clin Infect Dis 2007;44:159-77



Data Support Antimicrobial Stewardship

* 36 published studies on effect of antimicrobial
stewardship

— 26/36 (72%) included a pharmacist
— Only 7/36 (19%) included microbiologist

e Cost: 27 of 29 demonstrated a reduction

e Resistance: 22 studies with positive effects on
multiple organisms/drugs including C. difficile

e Adverse Effects: 1 of 2 demonstrated
Improvement

Patel D et al. Expert Review of Anti-Infective Therapy 2008



Key Members of the Team

 Two major components: a) expertise and leadership and
b) key stakeholders/major users/local leaders

* Experts and Hospital Leadership
— Infectious Diseases physician(s) (compensated)
— |D Pharmacist (compensated)
— Microbiology

— Administration (support, agree with metrics and goals)
— Informatics support

» Key stakeholders/major users/local leaders
— Critical Care
— Emergency Medicine
— Infection Control
— Nursing
— Clinical pharmacy
— Hospitalists
— Pharmacy and Therapeutics Committee



Antimicrobial Stewardship Styles

* Formulary restriction and preauthorization
— “Big Stick” — formal, rigidly enforced antibiotic approval,
many antibiotics require approval
* Prospective audit with intervention and feedback

— “Feedback of data, epidemiologic approach” — routinely
feed back data to prescribers regarding appropriateness of
use, bulk usage, antimicrobial resistant organisms/C.
difficile, and trends/benchmarking of data

* Many programs use a combined approach with some
restriction, some feedback of data



Big Stick/Pre-authorization

* “Up front” — before the train leaves the station

— Formulary restrictions/pre-authorization for specific
antibiotics

— Prospective audit - Criteria monitored antibiotics/clinical
indications (e.g., followup/monitoring by ID Pharmacists)

— Guidelines and clinical pathways — Can be very effective if
local leadership is vested in success (e.g., VAP pathway in
an ICU)

* Pros: Stop overuse before it starts; potential for tight
control

e Cons: Labor-intensive; culture in some hospitals will
limit up-front control; difficult to convince providers
to limit empiric broad-spectrum coverage in acutely
ill patients



Audit with Feedback

* Abx stewardship targets “downstream” opportunities
— De-escalation: modifying broad-spectrum empiric therapy
onday2or3

— Shorten durations of therapy for common hospital
infections in certain populations (e.g., 7-day therapy for
VAP; surgical prophylaxis)*
— |V to PO - often “low-hanging” fruit remains
* Pros: Focus on modifying therapy once data return,
after “empiric” phase; avoid conflicts regarding broad
empiric therapy in acutely ill patients
* Cons: Durations can get lost in the shuffle in complex

patients; if patients are doing well, providers are
sometimes resistant to change

* ATS/IDSA guidelines, AJRCC, 2005; Dunbar, CID, 2003



Modifying Empiric Therapy

“Empiric therapy”: treatment prescribed before culture
data and other testing results are available

In most cases, empiric therapy should be narrowed at day
3-4 or earlier

— |If cultures are negative, try to narrow regimen

— If cultures are positive, usually can focus regimen

Often, empiric antibiotics are continued due to inertia,
complicated clinical picture

Need automated reminders at day 3-4 for regimens
including multiple antibiotics — aggressive efforts to
decrease number and duration of antibiotics

Success might be stopping one agent out of 3, or limiting
durations to 7 days instead of 14



Optimal Antimicrobial Prescribing: One Approach

* Broad-spectrum therapy for empiric treatment of
suspected invasive nosocomial infection

 Rapid de-escalation by day 3-4

* When possible, short durations of in-hospital
antibiotics for selected populations

* Avoid anti-pseudomonal agents when possible
 “Hit hard, de-escalate, get out”



Supplemental Elements to a Stewardship Program

* Education —e.g., Antibiotic rounds in the ICU
* Guidelines and clinical pathways
* Antimicrobial cycling

* Antimicrobial order forms or computer order
entry

 Combination therapy

e Streamlining and de-escalation of therapy
* Dose optimization

* Parenteral to oral conversion



Antibiotics with Clinical Usage Criteria
at the Detroit Medical Center

 Tobramcyin e Azitrothromycin IV and PO
* Amikacin * Norfloxacin

* Ceftazidime * Moxifloxacin IV* and PO

* Cefepime « Ciprofloxacin IV" and PO
 Aztreonam e Colistimethate

* Ertapenem’ e Linezolid™

* |Imipenem’ * Daptomycin™
 Meropenem” « Tigecycline™

* Penicillin G Sodium * Vancomycin

* Piperacillin
* Piperacillin/tazobactam

*Special attention
**Requires ID approval



Alliance for the Prudent Use
of Antibiotics (APUA)
WWWw.apua.org

* An international organization dedicated to
curbing antibiotic resistance

* Chapters exist currently in several Asian
countries: Australia, China, India, Nepal,
Pakistan, Philippines, South Korea, Taiwan,
Vietham



