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Antibiotic Class Agents Approved Since 2002

Development by Decade A Daptomycin 2003
ATigecycline 2005
A Moxifloxacin 2005

A Ceftaroline 2010 (US)
AFidaxomicin 2012 (Canada)

A Doripenem 2007
A Ceftobiprole 2008 (Canada)
I I A Televancin 2009 (US)
[ | | |
20s 30s 40s 50s 60s 70s 80s 90s 00s 10 A Bedaquiline 2012 (for TB, US)

Altered Membrane Permeability

Mechanisms of Resistance =
1. Decreased permeability ——e

(Gram negatives via porins, Gram : ®

positives via thicker peptidoglycan: ‘ :
generally need another mechanism

to be significant) M ﬂ—m

2. Enzymatic Inactivation of pe
Antimicrobial .

3. Target Site Alteration or Bypass
4. Efflux Pumps
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b-LACTAMASE HYDROLYSIS Action of Aminoglycoside
- Inactivating Enzymes
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Adapted from Denver LA, Dermody TS. Arch Intern Med. 1991 o o acetylation

Target Site Alteration

Target Site Alterations

A b-lactams: mecA in SCC,,. codes for Altered Penicillin
. Binding Protein 2a
PBP 2a in Staphylococcus aureus b-Lactam
Antibiotic

A PBP 2x in Streptococcus
. . taphylococcug
A PBP 5 in Enterococcus faecium aureus N

A Macrolides: erm (A,B,C,TR) code for
methylated binding site in Strep
pneumoniae (high level R but less common)
A Fluoroquinolones: mutations in gyrA or
parCresult in altered DNA gyrase or
topoisomerase Normal Penicillin
Binding Protein

Transmembrane Efflux Antibiotic Resistance
Pumps: Antimicrobials is a function of:

. . . Natural Selection:
ATetraCyCImeS (mam meChamsm) genetic variability, random mutation [1/107-9]

AFluoroq uinolones affect fitness to environmental stimuli

AMacrolides: mef (A) i low level R B> SOS Response (DNA Stress Response):
. . hypermutation*, mobilization of
AAmlnog ch03|des extrachromosomal genetic elements
(plasmids, transposons, bacteriophage
A|NH & ethambutol elements, group Il introns) and persistence

*induction of error-prone DNA polymerase and
homologous recombination
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A New Problem? No!

A 30,000 year old bacteria from Yukon
permafrost have resistance genes

ANature Aug, 2011

Resistance Development During
Antimicrobial Therapy

Antimicrobial No. of No.of Development Therapeutic
agent studies infections of Resistance failures

Penicillins 174 9% 5%
Cephalosporins 373 9% 4%
Aminoglycoside 149 13 % 11 %

Imipenem 278 5% 3%

Ciprofloxacin 347 12 % 4%

Antibiotic Prescribing in
Canadian Preschool Children *

A74 % of children < 5 years who saw a physician
for RTI received antibiotics

a4, 18%

SEROUS OTITIS
SINUSITIS

PHARYNGITIS-
TONSILLITIS

61 % 32% LARYNGITIS-
TRACHEITIS

*Wang et al. Clin Infect Dis 1999;29:155-60 NASOPHARYNGITIS
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Resistance & Antibiotic Use

A Meta analysis of 24 studies

A Patients who received a given
antibiotic were about 2.5 X more likely
to have resistant organisms to that
antibiotic for three months

AThe effect remained significant for one
year

Costelloe C et al, BMJ 2010 May 18; 340: 2096.
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Antibiotic Prescribing in
Canadian Preschool Children *

A AOM accounted for 33 % of all visits
and 39 % of all antibiotic scripts

A Estimated Canadian dollar cost of
overprescribing was $ 423,693. (49 %)

*Wang et al. Clin Infect Dis 1999;29:155-60
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Perceived Parental Expectations and Fluoroquinolone Use in the
Antibiotic Prescribing Behaviour * ER: 100 Consecutive Patients

A Pre- and post-visit surveys of parents plus A No evidence of infection 33%
post-visit survey of MDs in two practices "
AWhen MDs thought parent A Other agents should have been 15

antibiotic was prescribed, they prescribed 7% line 53%
of the time for presumed viral diagnoses. Y 81% inappropriate i

A When MDs thought parents wanted an .
antibiotic prescribed, they prescribed 62% of 19% FQ appropriate ch

the time for presumed viral diagnoses. Only one patient had correct
bsust ER e I bR dosage & duration!
* Mangione-Smith et al. Pediatrics 1999;103:711 Lautenbach Arch Intern Med 2003

Respiratory Infections are Considerations Prompting
Usually Caused by Viruses Physicians to Treat Viral RTIs *

A Pharyngitis AParental coercion

A Sinusitis » ATime constraints
A Acute Bronchitis Do CXR!

i\ B e e ATreatment - oriented competitors

A Ccommon cold syndrome AConcerns about excessive return
visits

_ ) A Patient / parent dissatisfaction
WHO estimates only 20% of respiratory . .
tract infections require antibiotic A Fear of litigation

treatment
* Schwartz et al. JAMA 1998;279:881

Penicillin-resistant S.
pneumoniae

Canadian isolates 1988-2009
A Acute diarrhoea .

A Hot tub folliculitis e
A Asymptomatic bacteriuria in the

elderly |||||II”II|I|
Wil

Other Infections that Resolve
Without Treatment

A Draining abscesses

P o> D\ LI ) d\
LS LSS E S ES S
*Non. ngitis, Oral pen be sed

A CANWARD data 2012 11.1% R
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Clinical Implications of
PenR S. pneumoniae in RTI

Alntermediate (MIC 0.06-1): no
treatment failures expected

A Resistant (MIC 1-4): Usual PO drugs
may fail especially at lower doses

AMIC >4: Suggest respiratory
fluoroquinolone, telithromycin or IV
penicillin

Cross-sectional Study: Macrolide Resistance in
S. pneumoniadCorrelates with Azithromycin
Use by Province
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Azithromycin Use (% of Macrolides)

Davidson RJ, Chan CKC, Doern G, Zhanel GG: Abstract 1736, CACMID 2003

Prospective Cohort Study: Prior Use of
Azithromycin was Associated with
Macrolide-resistant S. pneumoniae

Percent erythromycin resistant

ﬁﬁﬁ

Unknown No prior Prior AB - ? Prior AB - Prior Ery ofPrior Zithro
not MAC Bia

Vanderkooi OG et al, Clin Infect Dis 40:1288-1297 (2005)
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Macrolide-Resistant S. pneumoniae:
Canadian Isolates 1988-2009

Tl
A

P PLPLILLEF PP OS

% & =8

Percentage o Isolates Resstant to
Erythomycin

Canadian Bactenial Surveilance Network, Jun 2010

A CANWARD data 2012 23.5%

Clarithromycin and Erythromycin Use
VS Macrolide Resistance (2001)

Negative correlation between ON
clari/erythromycin use and
macrolide resistance
MB
SK &

NFLD .\OBC

80

Macrolide Resistance (%)

Clarithromycin + erythromycin use as % of total macrolide use

Randomized Double Blind
Placebo Controlled Trial
A Use of macrolides increased the

carriage of macrolide-resistant
S. pneumoniae by 50%

A Effect was larger with azithromycin
than with clarithromycin

Malhotra-Kumas S. et al Lancet 2007;369:482-490.
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Why Does Azithromycin
Drive Resistance?

1. Low free serum levels = low potency*

2. Verylong T,, due to intracytoplasmic
uptake and storage in lysosomal
phospholipid complexes

. Inability to kill low level resistant mef
A/E (M phenotype, efflux mechanism)
strains of S. pneumoniae

*20-30X less potent than clarithromycin

Mechanfs‘ms of Bacterial
Transmission of Resistance Genes

Pharmacometrics

AThe science of interpreting and
describing pharmacology in a
guantitative fashion

A Allows scientific dosing

A Scientific dosing and immunization
are the real answers to the resistance
problem

e (I o0

per million population

Global transplantation activities of solid organs, 2013*

Limitations of Clinical Studies

A Most clinical studies are almost
worthless

A Patients get better without drugsb
endpoint?

ANonstrict inclusion criteria

Almmune status not considered

A'Studies stop at equivalence

But | would like to sound a note
of warningeéelt is
make microbes resistant to
penicillin in the laboratory by
exposing them to
concentrations not sufficient to
kill them and the same thing

has occasionally happened in
the body.

Sir Alexander Fleming 1945
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Penicillin

Alntroduced 1943

APen R Staphylococcus identified
1940

Bactericidal Effects

A Concentration-dependent killers:
Killing increases with concentration
throughout dosing range

ATime-dependent killers:
Killing plateaus within dosing range

PK/PD Efficacy Predictors

A 24h fAUC/MIC useful for all drugs but
hard to measure and apply at
bedside!

ATime Dependent Drugs: success
predicted by T > MIC exceeding 40%
of dosing cycle at a minimum

A Concentration Dependent Drugs:
success predicted by simple ratio
fCyax/MIC > 4-10

The opinions expressed in this document do not necessarily reflect those of the publisher or the sponsors.

Drug Concentration

Pharmacodynamic Parameters

T>MIC

Time Concentration

A Beta-lactams AFluoroquinolones
AMacrolides A Aminoglycosides
ATetracyclines A Daptomycin
Avancomycin A Dalbavancin*
AMetronidazole A Ortavancin*
AKetolides

Alinezolid *in phase lll trials

Aggressive Models

Australian Hypothesis

A Time Dependent Drugs: Aim for T > MIC
100% of dosing cycle

A Concentration Dependent Drugs: Aim for 4
X MIC O 40% of ti me

Houston Target
A CDD: 4 X MIC for 100% of time
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Optimizing Therapy

A Aims not for acceptable outcome but
for best outcome

A Saves money

A Gets patients back to work or school
faster

A Prevents resistance

Effect of Elimination Kinetics
on Bacterial Resistance
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WWEELS
Long T,, antibiotics spend longer times
at resistance-selecting concentrations

How Long to Treat?

AMost guideline recommendations for
duration of R, not based on evidence

ATreatment regimens getting shorter
APneumonia: R, until afebrile X 48h

AVentilator associated pneumonia:
only nonfermenters persist > 8 days
after appropriate R, !

1 Chastre J et al JAMA 290:2588-2598 (2003)
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PK/PD Factors in Selection
of Resistant Isolates

1. Potency (MIC50, MIC90): Varies

within a drug class primarily with the
achievable level of free (unbound) drug
in serum: fCyax

A fCyax below MIC of resistant mutants
favors selection for resistance

2. Long T,, and courses of therapy favor
selection for resistance

Effect of Short-Course, High-Dose
Amoxicillin Therapy on Resistant

Pneumococcal Carriage
Schrag, SJ et al JAMA 286:49-56 (2001)

A Randomized trial of outpatient therapy in
children with RTI

A 90 mg/kg/day X 5d vs 40 mg/kg/day X 10d

A At day 28 risk of nasopharyngeal carriage
of PRSP was significantly lower in the
SC/HD group (24% vs 32%, P=.03)

A Compliance also better in SC/HD group
(82% vs 74%, P=.02)

Short Course R,

AVentilator associated pneumonia
8 vs 15 days (JAMA 2003;290:2588)
A Community acquired pneumonia
3vs 8 days (BMJ 2006;332:1355)
A Septic arthritis
10 vs 30 days (CID 2009;48:1201)
A Acute pyelonephritis
7 vs 14 days (Lancet 2012;380:484)
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Exceptions to Short Course R,

ANonfermenters

Alnfections in privileged sites

A Osteomyelitis

A Endocarditis

A Staph aureus bacteremia/sepsis
AMRSA pneumonia (2 weeks)

A Strange organisms: TB, Actinomyces
etc.

Threat Report 2013: CDC

Four Core Actions to Prevent
Antibiotic Resistance

1.Preventing Infections, Preventing the
Spread of Resistance

2.Tracking

3.Improving Antibiotic Prescribing/
Stewardship

4.Developing New Drugs and
Diagnostic Tests

Prevention of
Antibiotic Resistance Today

A Antibiotic Stewardship: Choose drugs
with highest serum fC,,,x and

A Avoid long T,, drugs (SD azithromycin OK
for genital Chlamydia but not RTI)

A Avoid PO vancomycin (selects for VRE)
AUniversal infection control precautions

AVaccinate with influenza and

pneumococcal vaccinesZ anti bi o
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fil want you to take one of these
with water every

Prevention of

Antibiotic Resistance Today
A Avoid unnecessary antibiotic use

- 48 hr rule for otitis media
A Use short course, high dose regimens

A Culture to guide R,, enable narrowing
therapy and track resistant organisms

AReduce the selection pool by | & D of
abscesses

Prevention of
Antibiotic Resistance Tomorrow

ARapid point of care pathogen
identification, resistance testing and on
line tracking

Alndividualized drug dosing based on
enzyme profile and real time drug levels

A Computerized decision support
ANew drugs and vaccines
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Ané. Pitted again

Housekeeping
i A This presentation represents the opinions
genes, we have mainly of DI Colby

: A Material from Optimizing Antimicrobial
our wi ts. Therapy: A Pharmacometric Approach by
WD Colby, © 2006 WD Colby and North
American Compendiums Inc. and from
Challenges of Bacterial Resistance in the
Canadian Respiratory Tract Infections
Joshua Lederberg, Ph.D., Nobel Laureate Settlng 2012 Used Wlth permISSIOn'
JAMA 1996;276:418

It is not the strongest of the
species that survives, nor the
most intelligent, but the one
most responsive to change.
Charles Darwin

Have a great evening!
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