942 infections. Aztreonam does not penetrate the CSF and should not be
used for treatment of meningitis.

Adverse Reactions to β-Lactam Drugs Agents within the β-lactam class
are known for several adverse effects. Gastrointestinal side effects,
mainly diarrhea, are common, but hypersensitivity reactions constitute
the most common adverse effect of β-lactams. The reactions’ severity
can range from rash to anaphylaxis, but the rate of true anaphylactic reactions is only 0.05%. An individual with an accelerated IgEmediated reaction to one β-lactam agent may still receive another agent
within the class, but caution should be taken to choose a β-lactam that
has a dissimilar side chain and a low level of cross-reactivity. For example, the second-, third-, and fourth-generation cephalosporins and the
carbapenems display very low cross-reactivity in patients with penicillin allergy. Aztreonam is the only β-lactam that has no cross-reactivity
with the penicillin group. In cases of severe allergy, desensitization
(a graded challenge) to the indicated β-lactam, with close monitoring,
may be warranted if other antibacterial options are not suitable.
β-Lactams can rarely cause serum sickness, Stevens-Johnson syndrome,
nephropathy, hematologic reactions, and neurotoxicity. Neutropenia
appears to be related to high doses or prolonged use. Neutropenia and
interstitial nephritis caused by β-lactams generally resolve upon discontinuation of the agent. Imipenem and cefepime are associated with an
increased risk of seizure, but this risk is likely a class effect and related to
high doses or doses that are not adjusted in renal impairment.

PART 8
Infectious Diseases

GLYCOPEPTIDES
The glycopeptide antibiotics include vancomycin and telavancin.
Vancomycin has activity against staphylococci (including MRSA
and coagulase-negative staphylococci), streptococci (including
S. pneumoniae), and enterococci. It is not active against gram-negative
organisms. Vancomycin also displays activity against Bacillus species,
Corynebacterium jeikeium, Listeria monocytogenes, and gram-positive
anaerobes such as Peptostreptococcus, Actinomyces, Clostridium, and
Propionibacterium species. Vancomycin has several important clinical uses. It is used for serious infections caused by MRSA, including
health care–associated pneumonia, bacteremia, osteomyelitis, and
endocarditis. It is also commonly used for skin and soft tissue infections. Oral vancomycin is not absorbed systemically and is reserved for
the treatment of Clostridium difficile infection. Vancomycin is also an
alternative for the treatment of infections caused by MSSA in patients
who cannot tolerate β-lactams. Resistance to vancomycin is a rising
concern. Strains of vancomycin-intermediate S. aureus (VISA) and
vancomycin-resistant enterococci (VRE) are not uncommon.
Vancomycin appears to be a concentration-dependent killer, with
AUC/MIC ratio being the best predictor of efficacy (Fig. 170-2).
Guidelines recommend targeting a vancomycin trough level of 15–20
μg/mL in MRSA infections in order to maintain an AUC/MIC
ratio >400. When using vancomycin, clinicians should monitor for
nephrotoxicity. The risk increases when trough levels are >20 μg/
mL. Concomitant therapy with other nephrotoxic agents, such as
aminoglycosides, also increases the risk of nephrotoxicity. Ototoxicity
was reported with early formulations of vancomycin but is currently
uncommon because purer formulations are available. Both of these
adverse effects are reversible upon discontinuation of vancomycin.
Clinicians should be aware of the “red man syndrome,” a common
reaction that presents as a rapid onset of erythematous rash or pruritus
on the head, face, neck, and upper trunk. This reaction is caused by
histamine release from basophils and mast cells and can be treated with
diphenhydramine and slowing of the vancomycin infusion.
Telavancin, dalbavancin, and oritavancin are structurally similar to
vancomycin and are referred to as lipoglycopeptides. They have antibacterial activity against S. aureus (including MRSA and some strains
of VISA and vancomycin-resistant S. aureus [VRSA]), streptococci,
and enterococci. They also have good activity against anaerobic grampositive organisms except for Lactobacillus and some Clostridium species. The clinical efficacy of telavancin has been demonstrated in both
skin and soft tissue infections and nosocomial pneumonia, and the
efficacy of dalbavancin and oritivancin has been shown in skin and soft
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tissue infections. The vancomycin resistance phenotype may reduce
the potency of all three lipoglycopeptides, but the rate of resistance to
these drugs among S. aureus and enterococci has been low. Adverse
effects of telavancin include insomnia, a metallic taste, nephrotoxicity, and gastrointestinal side effects. Clinicians should be aware of the
potential for electrocardiographic QTc prolongation that can increase
the risk of cardiac arrhythmias when telavancin is used concomitantly
with other QTc-prolonging agents. Telavancin may interfere with
certain coagulation tests (e.g., causing false elevations in prothrombin
time). Dalbavancin and oritavancin have safety profiles similar to that
of vancomycin.
LIPOPEPTIDES
Daptomycin is a lipopeptide antibiotic with activity against a broad range
of gram-positive organisms. This drug is active against staphylococci
(including MRSA and coagulase-negative staphylococci), streptococci,
and enterococci. Daptomycin remains active against enterococci that
are resistant to vancomycin. In addition, it exhibits activity against
Bacillus, Corynebacterium, Peptostreptococcus, and Clostridium species.
Daptomycin’s pharmacodynamic parameter for efficacy is concentrationdependent killing. Resistance to daptomycin is rare, but MICs may be
higher for VISA strains. Daptomycin is efficacious in skin and soft
tissue infections, bacteremia, endocarditis, and osteomyelitis. It is an
important alternative for MRSA and other gram-positive infections
when bactericidal therapy is needed and vancomycin cannot be used.
Daptomycin is generally well tolerated, and its main toxicity consists
of elevation of creatinine phosphokinase (CPK) levels and myopathy.
CPK should be monitored during daptomycin treatment, and the drug
should be discontinued if muscular toxicities occur. There have also
been case reports of reversible eosinophilic pneumonia associated with
daptomycin use.
AMINOGLYCOSIDES
The aminoglycosides are a class of antibacterial agents with
concentration-dependent activity against most gram-negative organisms. The most commonly used aminoglycosides are gentamicin,
tobramycin, and amikacin, although others, such as streptomycin,
kanamycin, neomycin, and paromomycin, may be used in special circumstances. Aminoglycosides have a significant dose-dependent postantibiotic effect, meaning that they have an antibacterial effect even
after serum drug levels are undetectable. The postantibiotic effect and
concentration-dependent killing form the rationale behind extendedinterval aminoglycoside dosing, in which a larger dose is given once
daily rather than smaller doses multiple times daily. Aminoglycosides
are active against gram-negative bacilli, such as Enterobacteriaceae,
P. aeruginosa, and Acinetobacter. They also enhance the activity of
cell wall–active agents such as β-lactams or vancomycin in some
gram-positive bacteria, including staphylococci and enterococci. This
combination therapy is termed synergistic because the effect of both
agents provides a killing effect greater than would be predicted from
the effects of either agent alone. Amikacin and streptomycin have
activity against Mycobacterium tuberculosis, and amikacin has activity
against Mycobacterium avium-intracellulare. The aminoglycosides do
not have activity against anaerobes, S. maltophilia, or Burkholderia
cepacia. Aminoglycosides are used in clinical practice in a variety of
infections caused by gram-negative organisms, including bacteremia
and urinary tract infections. They are frequently used alone or in
combination for the treatment of P. aeruginosa infection. When used
in combination with a cell wall–active agent, gentamicin and streptomycin are also important for the treatment of gram-positive bacterial
endocarditis. All aminoglycosides can cause nephrotoxicity and ototoxicity. The risk of nephrotoxicity is related to the dose and duration
of therapy as well as the concomitant use of other nephrotoxic agents.
Nephrotoxicity is usually reversible, but ototoxicity can be irreversible.
MACROLIDES AND KETOLIDES
The macrolides (azithromycin, clarithromycin, erythromycin) and
ketolides (telithromycin) are classes of antibiotics that inhibit protein
synthesis. Compared with erythromycin (the older antibiotic), azithromycin and clarithromycin have better oral absorption and tolerability.
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