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Introduction

For most American clinicians,
antimicrobial resistant gram-posi-
tive infections are a fact of life.
Recent events suggest that the
clinical utility of vancomycin, long
the antimicrobial agent of last
resort for resistant gram positive
infections, may be eroding.
Increasing rates of vancomycin
resistance in enterococci, van-
comycin tolerance’ in
Streptococcus pneumoniae, and
the identification of clinical
Staphylococcus aureus isolates
with reduced susceptibility? or full
resistance to vancomycin® mandate
new additions to our antimicrobial
armamentarium. In addition, infec-
tions involving indwelling pros-

thetic devices caused by resistant
gram-positive pathogens are also
increasing in frequency and com-
plexity. Finally, the aging
American population and the ever-
increasing number of medical indi-
cations for indwelling prosthetic
devices assures that the number
and complexity of infections due
to resistant gram-positive infec-
tions will only increase. Thus,
there is an urgent public health
need for new antimicrobial
options for the treatment and pre-
vention of resistant gram-positive
pathogens.

Currently Available Antibiotics
Our arsenal for the treatment of
resistant gram-positive infections
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may be grouped into two broad categories: van-
comycin and alternatives to vancomycin.
Vancomycin is currently the treatment of choice for
methicillin resistant S. aureus (MRSA) and most
other resistant Gram-positive pathogens because it is
convenient, inexpensive, safe, available, and effec-
tive. Because of these attributes, our reliance upon
vancomycin has increased dramatically. For exam-
ple, the total usage of vancomycin in the United
States and Western Europe is estimated to have
increased from essentially negligible quantities in
1975 to over 14,000 kilograms in 1995 (Figure 1).
This extensive reliance upon vancomycin has in
large part been driven by the lack of better alter-
native antibiotics. Despite this increasing reliance,
vancomycin is generally regarded as an inferior anti-
staphylococcal antibiotic. Vancomycin for the treat-
ment of S. aureus infections has been associated
with high clinical failure rates, prolonged durations
of bacteremia®, higher rates of relapsing infections®,
and worse clinical outcomes’. This impression has
been underscored by the recent reports of van-
comycin resistance among a growing number of
gram-positive pathogens, making alternatives to van-
comycin increasingly desirable.

Alternatives To Vancomycin

Currently, three alternatives to vancomycin are avail-
able: quinupristin/dalfopristin (Synercid®), linezolid
(Zyvox®), and daptomycin (Cubicin®). The profiles of
quinupristin/dalfopristin and linezolid have been
recently reviewed®. Quinupristin/dalfopristin is FDA
approved for vancomycin-resistant Enterococcus fae-
cium skin and soft tissue infections. It is bactericidal
against Streptococcus pneumoniae, bacteriostatic
against S. aureus isolates possessing resistance to
the macrolide/lincosamide/ streptogramin antibiotics
and E. faecium, and has no efficacy against
Enterococcus faecalis. Resistance to quinupristin/dal-
fopristin may occur in both enterococci and .
aureus. Administration of quinupristin/dalfopristin
requires central venous access because of local irri-
tation at the infusion site when given by peripheral
vein. Other side effects include hyperbilirubinemia,
and myalgias and arthralgias, which can be severe’.
Although limited data from expanded access pro-
grams are available™, data from randomized clinical
trials are required to clarify the role of quinupristin/
dalfopristin in treatment of S. aureus infections.

Linezolid is currently indicated for VRE infections,
nosocomial pneumonia due to methicillin-sensitive
S. aureus or MRSA, skin and soft tissue infections,
and community-acquired pneumonia due to either §.
pneumoniae or S. aureus. Linezolid is bacteriostatic
against enterococci and staphylococci, and bacterici-
dal against S. pneumoniae. Because of its excellent
oral bioavailability (100%), linezolid may be admin-
istered either orally or intravenously. Antimicrobial
resistance to linezolid has been documented for
both S. aureus and in enterococci. Although appar-
ent clinical failures involving patients with S. aureus

endocarditis treated with linezolid have also been
reported, an open-label randomized clinical trial
comparing linezolid to vancomycin for the treatment
of known or suspected S. aureus infections other
than endocarditis revealed similar outcomes for
patients treated with either drug'. The risk for
myelosuppression, the primary side effect associated
with linezolid, increases with prolonged durations of
therapy®, generally beyond two weeks. Important
unresolved questions surrounding quinupristin/dal-
fopristin and linezolid include the role of these
agents in combination regimens and/or the circum-
stances in which they might be alternatives to van-
comycin or other traditional antibiotics for the treat-
ment of deep-seated or endovascular infections.

Daptomycin, a “first in class” lipopeptide class
antibiotic originally discovered by Eli Lilly and
developed by Cubist Pharmaceuticals, received
approval by the Food and Drug Administration in
late 2003 for the treatment of complicated skin and
soft tissue infections caused by gram-positive
pathogens. Daptomycin exhibits rapid bactericidal
activity against a wide variety of Gram-positive
organisms. The mechanism of action involves cell
membrane disruption and depolarization. In vitro
data, animal model data, and two well-designed
phase three trials for the indication of complicated
skin and soft tissue infections have been highly
encouraging. An important clinical trial evaluating
daptomycin in the treatment of S. aureus bacteremia
is currently underway, and the results of this trial
are eagerly anticipated. When daptomycin was first
being evaluated over a decade ago, skeletal muscle
injury was observed with twice daily administration
of daptomycin. This toxicity appears to be related
to high trough drug concentrations. Based upon
data from over 1,000 patients receiving daptomycin
to date, given as a once daily dose, the risk of
skeletal muscle toxicity appears to be minimal.
Additional studies will be required to confirm these
observations, and to better define dosing in patients
with renal insufficiency.

Future Antimicrobial Agents

While quinupristin/dalfopristin, linezolid, and dapto-
mycin offer readily available alternatives to van-
comycin, other antimicrobial agents are desperately
needed for the treatment of resistant gram-positive
organisms. Fortunately, a number of exciting new
antimicrobial agents are currently undergoing clini-
cal trials as future alternatives to vancomyecin.

Glycopeptide class compounds. Oritavancin is cur-
rently being developed by InterMune. This gly-
copeptide class compound is likely to be intra-
venously administered in a daily or alternate day
schedule, and it is primarily eliminated via the gas-
trointestinal route. /n vitro data for oritavancin
against resistant gram-positive pathogens, including
vancomycin-resistant E. faecium, is also quite
promising. Clinical trials in skin and soft tissue



infections comparing oritavancin to conventional
therapies to date have also been favorable.
Unresolved issues with oritavancin are likely to
include the impact of a prolonged half-life on the
development of both resistance in bacteria and
adverse events in patients. Another glycopeptide
agent, dalbavancin, is currently being developed by
Vicuron. Appealing characteristics of dalbavancin
include rapid cidality against S. aureus and a pro-
longed half-life, allowing intravenous dosing as
infrequently as once weekly. Although dalbavancin
also has a broad-spectrum activity against a variety
of gram-positive pathogens in vitro, it does not have
efficacy against VanA-type enterococci. Clinical trials
of dalbavancin are currently underway. A third gly-
copeptide-class antibiotic, TD-6424, is being devel-
oped by Theravance. TD-6424 also exhibits rapid
concentration dependent killing i7 vitro against a
wide range of gram-positive bacteria. Clinical trials
involving the use of TD-6424 in a variety of clinical
indications are underway.

Tetracycline class compounds. Tigecycline, a tetracy-
cline derivative antibiotic under development by
Wyeth, has broad-spectrum activity against gram-
positive, gram-negative, anaerobic, and fastidious
organisms including mycoplasma and legionella. It
is currently undergoing late phase clinical trials for
the treatment of several clinical indications. In vitro
activity of tigecycline against a wide variety of gram-
positive pathogens, including VanA-, VanB-, and
VanC-constitutive enterococci is encouraging.
Administration is anticipated to be both via intra-
venous and oral routes. The clinical significance of
tigecycline’s bacteristatic mechanism of action
remains to be defined.

Immunotherapeutic compounds. In addition to con-
ventional antimicrobial agents, a variety of innova-
tive immunotherapeutic agents are currently under
development. In my opinion, the ultimate role of
these interesting immunotherapeutic agents will pri-
marily be the prevention of infection. Two such
immunotherapeutic products are currently under
development. Altastaph®, produced by Nabi, con-
sists of pooled antibodies to S. aureus capsular
polysaccharide types five and eight. These capsule
polysaccharide types are present in a majority of S.
aureus isolates responsible for human disease. A
phase two trial is currently underway for this prod-
uct in the setting of S. aureus bacteremia. Aurexis®,
a monoclonal antibody produced by Inhibitex, tar-
gets clumping factor A, a protein on the surface of
S. aureus which binds to human fibrinogen. Phase
two trials are currently under development for this
product.

Vaccines. Because the best way to combat infec-
tions due to resistant Gram-positive pathogens is to
prevent them in the first place, the possibility of a
clinically available vaccine for S. aureus is one of
the most interesting developments in the whole area
of Gram-positive therapeutics in recent years. This

vaccine, produced by Nabi, targets S. aureus capsu-
lar polysaccharides five and eight. A recent study in
1800 hemodialysis patients produced promising
results, but the study failed to meet its primary end-
point of reducing staphylococcal sepsis episodes in
the first year after vaccination (relative risk reduc-
tion, 26%; P=0.23)". A post hoc analysis showed a
relative reduction in sepsis episodes of 57% (nomi-
nal P= 0.02) in the first 40 weeks after vaccination,
but this analysis was not pre-specified and the haz-
ard of this type of analysis is well known'. Thus,
this work remains hypothesis-generating and a
repeat trial is eagerly anticipated.

Summary

Resistant Gram-positive infections represent a grow-
ing public health threat. The benefits offered by
vancomycin, long the antibiotic of last resort against
these pathogens, have been eroded by suboptimal
clinical performance and increasing resistance rates.
Currently available alternatives to vancomycin are
insufficient due to high cost, significant side effects,
and incomplete clinical outcomes data for the treat-
ment of complex endovascular infections. Several
promising compounds are currently in various stages
of clinical development. These new compounds on
the horizon promise to provide important new addi-
tions to our armamentarium in the fight against
resistant gram-positive bacteria.
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Target Audience: practicing physicians, infectious disease physicians, physicians specializing in travel medicine, clinical
microbiologists, pharmacists, public health authorities, and others interested in the diagnosis and management of
enteric infections and the growing problem of antimicrobial resistance in enteric infections

Learning Objectives: After reading this publication, the reader should be able to:
e List recently marketed or soon-to-be marketed antimicrobials for treating gram-positive infections.
e Understand the advantages and disadvantages of the recently marketed antimicrobials for treating serious gram-

positive infections.

CME Self Assessment Examination
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See instructions and pertinent information on the reverse before requesting credit.

1-3) Questions 1-3 refer to the antimicrobial activity of quinupristin/
dalfopristin (Synercid®). Circle $ if quinupristin/dalfopristin
has BACTERIOSTATIC activity or C if it has BACTERICIDAL
activity against the following Gram-positive bacteria:

1) Streptococcus pneumoniae S C

2)  Staphylococcus aureus resistant to
macrolide/lincosamide/streptogramin S C

3)  Enterococcus faecium S C

4)  Which of the following conditions is a potential side effect of
quinupristin/dalfopristin?

a) Local irritation of peripheral vein
b) Hyperbilirubinemia

¢) Myalgia and arthralgia

d)  Red man syndrome

e) A, b,and c

f)  All of the above

Answer:

5-7) Questions 5-7 refer to the antimicrobial activity of linezolid
(Zyvox®). Circle S if linezolid has BACTERIOSTATIC activity
or C if it has BACTERICIDAL activity against the following
Gram-positive bacteria:

5) Enterococci § C
6) Staphylococci § C
7)  Streptococcus pneumoniae S C

The following antibiotic which has gained FDA approval
represents a “first in class,” that is, the first antibiotic of its type
in a class of antimicrobials?

a)  Quinupristin/dalfopristin
b)  Linezolid

¢) Daptomycin

d)  Vancomycin

e) All of the above

Answer:

Which of the following statements least likely characterizes
the antibiotic?

a) A potential side effect of linezolid is thrombocytopenia
and myelosupression

b)  Skeletal muscle toxicity with daptomycin administered
twice daily seemed to be associated with high trough
drug concentrations

¢) A potential drawback of orativancin is its short half-life

d)  Tigecycline has broad spectrum activity against
Gram-positive, Gram- negative, anaerobic, and
fastidious microorganisms such as Mycoplasma and
Legionella

e) None of the above

Answer:

CME Evaluation
Your input is important to us in improving this publication
and identifying areas of need for other CME programs.
Please circle the choice that best answers the following:
1. This content meets the educational objectives.
A. Agree B. Neutral C. Disagree
2. Considering my experience, the material presented was:
A. Satisfactory  B. Too Elementary C. Too Technical

3. I gained information which will be of use to me.

A. Agree B. Neutral C. Disagree
4. The format is clear, readable, and useful.
A. Agree B. Neutral C. Disagree

5. There was commercial bias in this publication.
A. Yes B. No

If yes, please give examples:

Suggested topics for future issues or other comments
about this publication:

Please provide all the information below so that you
may obtain CME credit (Please print legibly or we
will be unable to process your certificate).

Name/Degree

Title

Affiliation

Address

City State Zip.

E-Mail

Telephone Fax

Check the appropriate box:
D | am an MD and/or DO and wish to receive 1.0 (one) AMA/PRA
Category 1 credit.

1 1 am not an MD and/or DO but wish to receive a certificate of completion.

Signature/Date

Please Fax to NFID 301-907-0878



CME Accreditation

The National Foundation for Infectious Diseases (NFID) is
accredited by the Accreditation Council for Continuing Medical
Education (ACCME) to provide Continuing Medical Education
(CME) for physicians. NFID takes responsibility for the con-
tent, quality, and scientific integrity of this CME activity.

NFID designates this CME activity for a maximum of one (1.0)
credit hour in Category 1 of the Physician’s Recognition Award
of the American Medical Association. Each physician should
claim only those hours of credit that he/she actually spent in
the educational activity.

The 1.0 credit hour is based upon the approximate time it
should take to read this publication and complete the self-
assessment examination.

Credit will be granted only up to 6 months following the publi-
cation date. Requests for credit must be received no later
than August 31, 2004.

CME Disclosure

In order to comply with the ACCME Standards for Commercial

Support, all authors are asked to submit a disclosure form

prior to publication. That disclosure form is meant to elicit the

following information:

e Any significant financial relationship between an author
and the producer or provider of any products or services
discussed in the publication.

e Any significant financial relationship between an author
and the commercial supporter of this CME activity.
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e The discussion of any off-label uses of regulated sub-
stances or devices.

A significant financial relationship can include status as a stockhold-

er or employee, or receipt of research support, consulting fees, or

speaking honoraria. Disclosure of such information is not intended

to prevent publication of an article by an author, but rather to

allow the reader to make an informed decision about the material.

Dr. Fowler has received grant or research support from
Cubist Pharmaceuticals, Inc., Inhibitex, and Nabi. He has
served as a consultant for Cubist, INhibitex, and Versicor,
and has received speaker honoraria from Aventis, Cubist,
and Pharmacia.

CME Instructions

To receive CME credits after reading the entire publication, see
the reverse side of this page to review the educational objec-
tives, complete the self-assessment examination, fill in other
necessary information, and provide your input through the
brief evaluation. Return the examination form via fax to
(301) 907-0878 (a cover sheet is not required) or by mail to:

NFID (attn: Office of CME)
4733 Bethesda Avenue, Suite 750
Bethesda, MD 20814
No fee is required. Please allow 4-6 weeks for processing of
your credits. Inquiries may be directed by phone to
(301) 656-0003 x19, by fax to (301) 907-0878, or by e-mail to
info@nfid.org.
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