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Since the advent of antimicrobial therapy, new
agents continue to be synthesized and used
clinically. The emergence of bacterial resistance
increases the necessity for new antibiotic develop-
ment or improvement of the activity of agents
presently available. In the last few years, there have
been several new antimicrobial agents approved
and released for clinical use in the United States.
All are related to the already existing classes of
antibiotics, but most have an extended spectrum of
activity compared to others of the same class.
Several of these newer agents are merely duplicates
of the older related compounds, but many prove to
have additional advantages in antimicrobial
chemotherapy.

This article reviews the new antimicrobial
agents that are presently in use in the United States.
Agents belonging to the cephalosporin, penicillin,
carbapenem, quinolone, and macrolide classes
have recently been approved and released for
clinical use.

CEPHALOSPORINS

All cephalosporins have the same basic chemical
structures, and modification of this beta-lactam ring
enables newly-developed agents to possess slightly
different characteristics. Cephalosporins are classi-
fied into groups or generations based primarily on
their antimicrobial activity. In general, it can be
stated that the first generation agents possess the
greatest gram-positive coverage, second generation
drugs have activity against Haemophilus influenza,
third generation agents have less gram-positive, but
greater gram-negative activity, and the new
fourth generation cephalosporin has added activity
verses Pseudomonas aeruginosa. Although this
classification is merely a generalization, it may be
used as the framework by which antimicrobial
therapy is initiated.

Cefepime (Maxipime®), the first fourth gener-
ation cephalosporin, was recently FDA approved
and released for use. Its spectrum of activity

includes those gram-negative and gram-positive
organisms that are susceptible to the third
generation cephalosporins. In addition, it has been
classified as a fourth generation agent because of
its extended coverage against gram-negative bacilli,
which includes Pseudomonas aeruginosa and
certain Enterobacteriaceae. Cefepime has been
shown to be comparable to cefotaxime in its
activity against staphylococci and nonenterococcal
streptococci, and comparable to ceftaxidime
against Pseudomonas aeruginosa. As with the third
generation cephalosporins, this fourth generation
agent is ineffective in the treatment of enterococci
and methicillin-resistant Staphylococcus aureus/
epidermidis. The recommended dosing of
cefepime in adults is 0.5 grams to 2.0 grams
administered intravenously every twelve hours.
Side effects, although rare, have been skin rash,
diarrhea and local reactions related to the intra-
venous catheter site.

Ceftibuten (Cedax®) is a new extended
spectrum cephalosporin released for oral use. Its
activity has been extended to include Haemophilus
influenza and some other gram-negative bacilli.
However, it is not active against Pseudomonas
aeruginosa and is of little use in the treatment of
infections caused by Staphylococcus aureus.
Ceftibuten has been approved for the treatment of
chronic bronchitis, acute otitis media and acute
pharyngitis/tonsillitis. Because of its relative
inactivity against staphylococci and pseudomonas
in addition to its indicated uses, ceftibuten therapy
is very limited in the treatment of lower extremity
infections.

PENICILLINS

Pipercillin/tazobactam (Zosyn®) combines the effect
of a penicillin and a beta-lactam inhibitor. This
combination antibiotic is active against gram-
positive aerobes including methicillin sensitive
Staphbylococcus aureus and streptococci, gram-
negative aerobes including Escherichia coli and
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Haemophilus influenza and many anaerobes
including  Bacteroides fragilis. In addition,
piperacillin alone is the most active of all penicillins
against Pseudomonas aeruginosa. The ratio of
piperacillin to tazobactam is 81 and is adminis-
tered intravenously at a dosage of 3.375 grams
every six hours. It is approved for the treatment of
community-acquired pneumonia, intra-abdominal,
pelvic, skin, and soft tissue infections. Diarrhea is
the most common adverse reaction and an excess
sodium load may result from high doses. Zosyn® is
useful as empiric therapy for severe diabetic foot
infections because its spectrum of activity is
adequate for the polymicrobial nature of these
infections.

Amoxicillin/clavulanic acid (Augmentin®), is
not a new antimicrobial agent, however a new
dosing regimen has recently been introduced by
the manufacturer, It was actually the first oral
combination of a penicillin and a beta-lactamase
inhibitor. It is indicated for the treatment of lower
respiratory, skin and soft tissue infections including
the treatment of animal or human bite wounds, and
diabetic foot ulcerations. Amoxicillin alone is active
against many gram-negative and gram-positive
organisms, and clavulanic acid confers additional
activity verses Staphylococcus aureus (not MRSA)
and many anaerobes. The new recommended dose
is 875 mg taken orally twice a day, although
the older preparations of 250 and 500 mg are
still available.

CARBAPENEMS

Meropenem is a new agent belonging to the
carbapenem class that is similar to imipenem in
most aspects. It is a very broad spectrum agent that
covers most gram-positive cocci, gram-negative
bacilli and many anaerobes. It has activity against
methicillin-sensitive  Staphylococcus — aureus,
Bacteroides fragilis and Pseudomonas aeruginosa.
Unlike imipenem, this agent does not require the
addition of a renal dehydropeptidase inhibitor.
Meropenem is indicated for the treatment of
intra-abdominal and gynecologic infections,
pleuro-pulmonary infections and moderate to
severe polymicrobial soft tissue infections. The
dosage is 500 mg. to 1 gram given intravenously
every eight hours. Side effects include gastro-
intestinal upset, nausea, and occasional elevation
of liver function tests, but unlike imipenem, seizures
rarely occur as a result of meropenem therapy.

QUINOLONES

The fluoroquinolones are a relatively new class of
antibiotics, of which two new additions, levofloxacin
(Levoquin®) and sparofloxacin (Zagam®), recently
received FDA approval for clinical use in the United
States. Like the older quinolones, levofloxacin and
sparfloxacin are active against many gram-negative
bacilli including Pseudomonas deruginosa. But in
addition, these newer compounds are more active
against  gram-positive  bacteria,  including
enterococci, pneumococci and staphylococci (not
MRSA). Sparfloxacin is more potent against
anaerobes than other quinolones, although it is
not indicated for that use. Both agents have been
shown to be effective in the treatment of urinary
tract infections, sexually transmitted diseases,
osteomyelitis, septic arthritis, skin and soft tissue
infections, sinusitis and chronic bronchitis. The
dosage of sparofloxacin is an initial dose of 200 mg.
followed by 100 mg. daily, taken orally. The dosage
of levofloxacin is 500 mg. daily, administered either
orally or intravenously.

Adverse effects are rare, but when they do
occur the most common are gastrointestinal upset,
headache, and skin or allergic reactions. In
addition, quinolones as a class have been shown to
have a detrimental effect on developing cartilage,
therefore are contraindicated for use in children
and pregnant women. Sparofloxacin has been
associated with photosensitivity, so patients should
be warned against sun exposure while taking this
drug, and for the five days following cessation of
therapy. Both of these newer agents provide a
useful spectrum of activity, and are a good adjunct
for the conversion from intravenous to oral
antimicrobial therapy.

MACROLIDS

The new macrolid antibiotics now available are
clarithromycin (Biaxin®), azithromycin (Zithromax®)
and dirithromycin (Dynabac®). All of these agents
are chemically related to erythromycin, but possess
slight alterations in the spectrum of activity.
Clarithromycin has better gram-positive coverage,
and azithromycin has greater activity against gram-
negative bacteria including Escherichia coli,
Haemophilis influenza and Klebsiella. Dirithromycin
is essentially the same in its antimicrobial activity as
erythromycin, with the added benefit of a once daily
dosing regimen.
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These agents are indicated for the treatment of
lower respiratory infections, many sexually-
transmitted diseases, streptococcal pharyngitis, and
for skin and soft tissue infections, especially when
the causative organism is Staphylococcus aureus.
Each of these new macrolid antibiotics are
available in oral preparations only. Azithromycin is
dosed 500 mg. initially, followed by 250 mg. daily
for the next four days. The dosage of
clarithromycin is 250 to 500 mg. twice a day for one
week. As mentioned previously, dirithromycin has
the advantageous dosing schedule of 500 mg.
taken once per day for one week. These newer
agents have the same side effects as erythromycin,
which include reversible hearing disturbances,
gastrointestinal upset, diarrhea, nausea and
vomiting, but with each occurring to a much
lesser degree.

TEICOPLANIN

Although not currently available in the United
States, teicoplanin, a glycopeptide agent similar to
vancomycin, has widespread use throughout
Europe. Its spectrum of activity is limited to gram-
positive aerobic and anaerobic bacteria including
methicillin sensitive Staphylococcus aureus and
methicillin ~ resistant  Staphylococcus —aureus.
Teicoplanin is more active than vancomycin verses
all streptococci, including enterococci. For minor
infections (i.e. skin and soft tissue) a 400 mg. intra-
venous loading dose is given, followed by 200
to 400 mg. daily for maintenance levels. Major
infections (i.e. septic arthritis and osteomyelitis)
require two loading doses of 400 to 800 mg. every
twelve hours, followed by a maintenance dose of
400 to 800 mg. daily. Unlike vancomycin,
teicoplanin may be administered as an intravenous
bolus over a five minute period because the
occurrence of red man syndrome or anaphylactoid
reactions are extremely rare. The most common
adverse effects of teicoplanin therapy are injection
site intolerance, skin rash and rarely transient
abnormalities in liver function tests.
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