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BAD Bucs, NO DRUGS

As Antibiotic Discovery Stagnates ...
A Public Health Crisis Brews

Ya 1 DSA

Infectious Diseases Soc w-l} of America July 2004

Bad Bugs, No Drugs?

1. Infectious Diseases Society of America. Bad Bugs, No Drugs: As Antibiotic Discovery Stagnates, A Public Health Crisis Brews.
http://www.idsociety.org/pa/IDSA_Paper4_final_web.pdf. July, 2004. Accessed March 17, 2007. 2. Talbot GH, et al. Clin Infect Dis. 2006;42:657-68.
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* Antimicrobial agents
* Antibiotics
* Synthetic antimicrobial agents

* Immunization

o ST fE BEENT NEFE R ELZYE = Infection control




Antimicrobial agents

* Paul Ehrlich: 606 for syphilis. 1908 Nobel prize
 Gerhard Domagk: KL730 Sulfa drug for Streptococcus
* Flemming: Penicillin
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Figure. Mortality Rates Associated with Community-Acquired Bacterial Meningitis over the Past 90 Years.




Mechanisms of Resistance

* Antibiotics exert selective pressure that favors
emergence of resistant organisms

* Bacteria employ several biochemical strategies to
become resistant

Decreased
permeability

\\ — } Inactivation

>

Efflux —

Altered
target



Emergence of Antimicrobial Resistance

Susceptible Bacteria

Resistant Bacteria s

—>

Resistance Gene Transfer
New Resistant Bacteria



Selection for antimicrobial-resistant
Strains

Resistant Strains Q Q
Rare “‘ g
ntlmlcroblal' @
Q Exposure

Resistant Strains
Dominant
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* Antimicrobial use
» Selection pressure

* patient-to-patient transmission
of resistant strains
 Transmission



Selection for antimicrobial-
resistant Strains

Antibiotic-resistant Antibiotic
organlsm . %*
& . P

/3\0 2?“‘@57

Population of bacteria In the presence of an The resistant strain

with a subset of antibiotic- antibiotic, susceptible strains proliferates and may be

resistant organisms. are killed; the resistant capable of causing a new
strain survives. infection.

SLRHA R A o 2 AR D aElE

What does not kill me makes me stronger.
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Evolution and dissemination of MRSA

Discovery of

MRSA
Staphylococcus aureus
1940s 1959
Penicillin Methieillin

1993 2003

Endemic in hospitals

Penicillin-resistant v

Staphylococcus aureus Outbreaks of MRSA
dissemination in the
community
IMSSA: oxacillin, cefazolin Klevens,et al Clin Infect Dis 2006;42;389-91

MRSA: vancomycin,......



Mechanism of methicillin
resistance -1

Penicillin-binding proteins cross-link peptidoglycan, facilitating S. aureus cell wall
formation and cell growth.

Peptidoglycan

S. aureus




Mechanism of methicillin
resistance -2

Beta-lactam drugs (such as penicillin and methicillin) bind to penicillin-binding proteins,
blocking the cross-linking of peptidoglycan.
Since the S. aureus cell can no longer form an adequate cell wall, growth is inhibited.
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S. aureus




Mechanism of methicillin resistance -3

Methicillin-resistant S. aureus cell has altered penicillin-binding proteins, to which
beta-lactam drug cannot bind, allowing continued cell wall formation.

S. aureus

MRSA is resistant to all current PCNSs,
cephalosporins and carbapenems



MSSA Tx options

e cefazolin
e Oxacillin

* Vancomycin (X)



Chang FY, et al.
Medicine
2003:82:333-9 25+

20-

Percent
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15/70

1/1

MSSA Bacteremia
(endocarditis excluded)

Nafcillin

Il Vancomycin 13/70

8/70

0/1 8I

of70

0/18I 0/18

Q’ersistent >3 days Persistent >7 days

Relapse Bacteriologic failure
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Figure 2. Kaplan—Meler curve of mortality comparing patients who received
cefazolin vs patients who received nafcillin or oxacillin for methicillin-susceptible
Staphylococcus aureus infections complicated by bacteremia.

Clin Infect Dis. 2017 Jul 1;65(1):100-106
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Inappropriate Antimicrobial Therapy: Prevalence
among Intensive Care Patients

Inappropriate
Antimicrobial Therapy

)

© 34.3% (n = 655 ICU patients with infection)

g

8' Community-onset infection

| -

Q 17.1% : : :

% Hospital-onset infection

£ I Hospital-onset infection after

2 initial community-onset infection
Patient Group

Source: Kollef M, et al: Chest 1999;115:462-74



No. Infected

Inappropriate Antimicrobial Therapy:
Impact on Mortality

Relative Risk = 2.37
(95% C.I. 1.83-3.08; p < .001)

Patients

# Survivors

# Deaths

Inappropriate  Appropriate
herapy herapy

Source: Kollef M,et al: Chest 1999;115:462-74



Risk factors of ciprofloxacin resistance in urinary Escherichia
coli isolates.

Burinary catheterization
BMprior quinolone exposure

Lin CY, et al. ] Microbiol Immunol Infect. 2008 Aug;41(4):325-31.



True Pathogen? Colonization?

M RS
G

Sputum (urine ; wound swab)
e

1. (3+)

2. Viridans streptococcus (3+)
3. Neisseria species (3+)

AM: Ampicillin
AMC: Amoxi./Clavu
CZ. Cefazolin
CMZ: Cefmetazole
CTX: Cefotaxime
GM: Gentamicin 10ug
AN: Amikacin

IPM: Imipenem
CIP: Ciprofloxacin
FEP: Cefepime
AZM: Aztreonam

;U;U;U(D(D;U;U;U;U;U:U
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* Coagulase-negative staphylocci

e Staphylococcus epidermidis

* Viridans streptococci

* Micrococci

* Bacillus species

* Corynebacterium species

 Neisseria species (fEN. gono &z meningitidis)

* Nonfermentative gram-negative bacilli

* Acaligenes, Flavobacterium, Sphingomonas...
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Am J Infect Control 1988;16:128-40.




De-Escalation Therapy ([ZEf%, &)

Initial adequate broad-spectrum therapy
follow by antibiotic de-escalation
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ESSENTIAL DRUGS

Nt 714 El j!’f
WORLD HEALTH ORGANIZATION

DOUBLE ISSUE - N 28 & 29 (2000)

Essential Drugs Monitor EDITORIAL

The Essential Dimigs Momdtor is produced
amd distriusad by the WHO Dapartment

of Essential Crugs and Medicines Policy ® ® ®
lich, French, Spanish and Bussian, and
s a giohal readership of some 300,000

fio wirom it is fre2 of charge. The Monttor
camies news of devalopments in national

@
dmig polscies, therapeutic ridzlmes, - .
Tent phanmaceutical issues, educational
e — reSIS un‘e.

WHO's Department of Essential Dmzes
amd Medicmes Palicy sesks o ensure that

alt people — whersver they may be - are
aetochtan e s ey ataprice u o u r e u
that they and their commtry can affiord; that
these drazs are safe, effective and of good

quality; and that they are prescribed and
used ratiomally

Al correspondance
should be addressed fo:




Unnecessary Antibiotic Prescriptions

: Prescriptions
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NEJM (8/14/97): “In Finland, after nationwide
reductions in the use of macrolide antibiotics for
outpatient therapy, there was a significant decline in
the frequency of erythromycin resistance among group
A streptococci isolated from throat swabs and pus
samples.”

O Erythromycin
o Roxithromycin
g Azithromycin

A Clarithromycin P=0.02
3.0+ [ P=0.007
2.5- -nl 5
o - - 1 P=0.01

|

Figure 1. Total Consumption of Macrolide Antibiotics by Outpa-
tients in Finland from 1976 through 1995.

Consumption is expressed in terms of defined daily doses per
1000 inhabitants per day.
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Figure 2. Frequency of Resistance to Erythromycin among
Group A Streptococcal Isolates from Throat-Swab and Pus
Samples in Finland in 1990 and in 1992 through 1996.



% of susceptible isolates

Ponicillin\

+— Erythromycin

s

Clindamycin

p
S

Tetracycline

Chloramphenicol

1981 8 & & &8 9

Year

B B F 992000

Prevalence of susceptibility to five antimicrobial agents for Strepfococciis
pneumoniae isolates at the National Taiwan University Hospital, 1981-2001.

Erythromycin (ERY)
resistance among group

A Streptococcus (GAS)
isolates in Taiwan declined
from 53.1% in 1998 and
2000 to 14.6% in 2002 and
2004 and 10.7% in 2006 to
2010 (P < 0.01) --Taiwan
Surveillance of
Antimicrobial Resistance
(TSAR)




DDD/1000 patient days

Changes before and after A Policy to
Restrict Antimicrobial Usage in URI
Start 1 February 2001

0 s H1999 W2000 W2001
30
25 gg3  P<0.0001 (45%})
20T 1° 1607
15 F P<0.0001 (61%\)
9.97 9.16

! 8.32 -
10 7.42 (44 5 93
5 5
O ‘

Total doses Resspiratory URI Non-URI
Infections respiratory

Ho M et al. Int J Antimicrob Agents 2004;23:438-45. infections



Antimicrobial Therapy

Appropriate Initial antibiotic Unnecessary
while improving patient antibiotics and adverse
outcomes and heathcare patient outcomes and
increased cost

A

A Balancing Act
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ORIGINAL INVESTIGATION

Clinicians’ Perceptions of the Problem of
Antimicrobial Resistance in Health Care Facilities

Tara Bridget Giblin, MPH; Ronda L. Sinkowitz-Cochran, MPH; Patricia L. Harris, RN, BSN;
Sharon Jacobs, RN, MS, CIC; Kathy Liberatore, RN, BSN, CIC; Marsha A. Palfreyman, RN, MS, CIC;
Edward I. Harrison, MBA; Denise M. Cardo, MD; for the CDC Campaign to Prevent Antimicrobial Resistance Team



Table 1. Campaign Strategies and Steps, Campaign
to Prevent Antimicrobial Resistance, 12-Step Program
for Hospitalized Adults, 20022

|
Strategy: Prevent Infection

Step 1: Vaccinate

Step 2: Get the catheters out
Strategy: Diagnose and Treat Infection Effectively

Step 3: Target the pathogen

Step 4: Access the experts
Strategy: Use Antimicrobials Wisely

Step 5: Practice antimicrobial control

Step 6: Use local data

Step 7: Treat infection, not contamination

Step 8: Treat infection, not colonization

Step 9: Know when to say “no” to vanco

Step 10: Stop treatment when infection is cured or unlikely
Strategy: Prevent Transmission

Step 11: Isolate the pathogen

Step 12: Break the chain of contagion




Table 2. Clinicians’ Perceptions of the Problem

of Antimicrobial Resistance, Campaign to Prevent
Antimicrobial Resistance, 12-Step Program for Hospitalized
Adults: Questionnaire of 4 Hospitals (Pittshurgh Regional
Healthcare Initiative, 2002)*

]
Antimicrobial Resistance Is a Problem

| |
In My In My

Response Nationally Institution Practice
Strongly agree 68.1 40.7 40.0
Agree 26.7 36.3 25.3
Neither agree nor disagree 1.7 17.7 22.1
Disagree 0.9 4.4 10.5
Strongly disagree 2.6 0.9 2.1

**Data are given as percentages of perceptions of 117 clinicians.




Infection Control and Appropriate Use of

Antibiotics are Equal Important!
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