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ZANAMIVIR, OSELTAMIVIR, PERAMIVIR, AND LANINAMIVIR
Zanamivir and oseltamivir are inhibitors of the influenza viral neuraminidase enzyme, which is essential for release of virus from infected
cells and for its subsequent spread throughout the respiratory tract
of the infected host. The enzyme cleaves terminal sialic acid residues
and thus destroys the cellular receptors to which the viral hemagglutinin attaches. Zanamivir and oseltamivir are sialic acid transitionstate analogues and are highly active and specific inhibitors of the
neuraminidases of both influenza A and B viruses. The antineuraminidase activity of the two drugs is similar, although zanamivir has
somewhat greater in vitro activity against influenza B virus. Zanamivir
may also be active against certain strains of influenza A virus that are
resistant to oseltamivir. Both zanamivir and oseltamivir act through
competitive and reversible inhibition of the active site of influenza A
and B viral neuraminidases and have relatively little effect on mammalian cell enzymes.
Oseltamivir phosphate is an ethyl ester prodrug that is converted to
oseltamivir carboxylate by esterases in the liver. Orally administered
oseltamivir has a bioavailability of >60% and a plasma half-life of
7–9 h. The drug is excreted unmetabolized, primarily by the kidneys.
Zanamivir has low oral bioavailability and is administered orally via
a hand-held inhaler. By this route, ~15% of the dose is deposited in
the lower respiratory tract, and low plasma levels of the drug are
detected. The toxicities most frequently encountered with orally
administered oseltamivir are nausea, gastrointestinal discomfort,
and (less commonly) vomiting. Gastrointestinal discomfort is usually transient and is less likely if the drug is administered with food.
Neuropsychiatric events (delirium, self-injury) have been reported
in children who have been taking oseltamivir, primarily in Japan.
Zanamivir is orally inhaled and is generally well tolerated, although
exacerbations of asthma may occur. An IV formulation of zanamivir
is under development and is available from GlaxoSmithKline as part
of clinical trials.
Inhaled zanamivir and orally administered oseltamivir have been
effective in the treatment of naturally occurring, uncomplicated influenza A or B in otherwise healthy adults. In placebo-controlled studies,
illness has been shortened by 1.0–1.5 days of therapy with either of
these drugs when treatment is administered within 2 days of onset of
symptoms. Pooled analyses of clinical studies of oseltamivir suggest
that treatment may reduce the likelihood of hospitalizations and of
certain respiratory tract complications associated with influenza, and
observational studies suggest that oseltamivir may reduce mortality
rates associated with influenza A outbreaks (Chap. 224). Once-daily
inhaled zanamivir or once-daily orally administered oseltamivir can
provide prophylaxis against laboratory-documented influenza A– and
influenza B–associated illness.
Resistance to the neuraminidase inhibitors may develop by changes
in the viral neuraminidase enzyme, by changes in the hemagglutinin
that make it more resistant to the actions of the neuraminidase, or
by both mechanisms. Isolates that are resistant to oseltamivir—most
commonly through the H275Y mutation, which leads to a change from
histidine to tyrosine at that residue in the neuraminidase—remain
sensitive to zanamivir. Certain mutations impart resistance to both
oseltamivir and zanamivir (e.g., I223R, which leads to a change from
isoleucine to arginine). Because the mechanisms of action of the neuraminidase inhibitors differ from those of the adamantanes (see below),
zanamivir and oseltamivir are active against strains of influenza A
virus that are resistant to amantadine and rimantadine.
Appropriate use of antiviral agents against influenza viruses depends
on a knowledge of the resistance patterns of circulating viruses. As of
this writing, currently circulating influenza A/H1N1 and H3N2 viruses
(2013–2014) were sensitive to zanamivir and oseltamivir, with a few
exceptions for oseltamivir. Up-to-date information on patterns of
resistance to antiviral drugs is available from the Centers for Disease
Control and Prevention (CDC) at www.cdc.gov/flu.
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The field of antiviral therapy—both the number of antiviral drugs and
our understanding of their optimal use—historically has lagged behind
that of antibacterial treatment, but significant progress has been made
in recent years on new drugs for several viral infections. The development of antiviral drugs poses several challenges. Viruses replicate
intracellularly and often use host cell enzymes, macromolecules, and
organelles for synthesis of viral particles. Therefore, useful antiviral
compounds must discriminate between host and viral functions with
a high degree of specificity; agents without such selectivity are likely to
be too toxic for clinical use.
Significant progress has also been made in the development of laboratory assays to assist clinicians in the appropriate use of antiviral drugs.
Phenotypic and genotypic assays for resistance to antiviral drugs are
becoming more widely available, and correlations of laboratory results
with clinical outcomes are being better defined. Of particular note has
been the development of highly sensitive and specific methods that measure the concentration of virus in blood (virus load) and permit direct
assessment of the antiviral effect of a given drug regimen in that host
site. Virus load measurements have been useful in recognizing the risk
of disease progression in patients with viral infections and in identifying
patients for whom antiviral chemotherapy might be of greatest benefit.
As with any in vitro laboratory test, results are highly dependent on and
likely vary with the laboratory techniques used.
Information regarding the pharmacodynamics of antiviral drugs,
and particularly the relationship of concentration effects to efficacy,
has been slow to develop but is also expanding. However, assays to
measure concentrations of antiviral drugs, especially of their active
moieties within cells, are still primarily research procedures not widely
available to clinicians. Thus, there are limited guidelines for adjusting
dosages of antiviral agents to maximize antiviral activity and minimize
toxicity. Consequently, clinical use of antiviral drugs must be accompanied by particular vigilance for unanticipated adverse effects.
Like that of other infections, the course of viral infections is profoundly affected by interplay between the pathogen and a complex set
of host defenses. The presence or absence of preexisting immunity, the
ability to mount humoral and/or cell-mediated immune responses,
and the stimulation of innate immunity are important determinants of
the outcome of viral infections. The state of the host’s defenses needs
to be considered when antiviral agents are used or evaluated.
As with any therapy, the optimal use of antiviral compounds
requires a specific and timely diagnosis. For some viral infections,
such as herpes zoster, the clinical manifestations are so characteristic
that a diagnosis can be made on clinical grounds alone. For other
viral infections, such as influenza A, epidemiologic information (e.g.,
the documentation of a community-wide influenza outbreak) can be
used to make a presumptive diagnosis with a high degree of accuracy.
However, for most of the remaining viral infections, including herpes
simplex encephalitis, cytomegaloviral infections other than retinitis,
and enteroviral infections, diagnosis on clinical grounds alone cannot
be accomplished with certainty. For such infections, rapid viral diagnostic techniques are of great importance. Considerable progress has
also been made in recent years in the development of such tests, which
are now widely available for a number of viral infections.
Despite these complexities, the efficacy of a number of antiviral
compounds has been clearly established in rigorously conducted
and controlled studies. As summarized in Table 215e-1, this chapter
reviews the antiviral drugs that are currently approved or are likely
to be considered for approval in the near future for use against viral
infections other than those caused by HIV. Antiretroviral drugs are
reviewed in Chap. 226.

ANTIVIRAL DRUGS ACTIVE AGAINST RESPIRATORY INFECTIONS
(SEE ALSO CHAPS. 223 AND 224)

