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Treatment and Chemoprophylaxis of Influenza

Influenza viruses circulate every winter and during most winters cause substantial morbidity and

mortality. The first influenza isolate for the 2000-2001 season in Texas was identified in October,

and influenza activity has increased steadily since that time. To date, the highest level of activity in

the state has been detected in the Austin area. Most isolates have been influenza type A( H1N1), the

strain represented in the 2000-2001 influenza vaccine by the A/New Caledonia/20/99-like virus.

Isolates for 2 influenza cases in Central Texas were identified as influenza B. See DPN Vol. 60,

No. 16 and DPN Vol 60,No. 21 for information on this season's influenza immunization campaign.

Antiviral agents can be important adjuncts to influenza vaccine for prevention and control of

influenza.1 This article describes the 4 currently available antiviral agents against influenza.
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nnual influenza vaccination is

recommended for persons at high
k for severe complications following

influenza infection and for their caregivers
and household contacts. During most years,
influenza vaccine becomes available to
providers by October; however, this year
distribution of vaccine has been delayed
nationwide because of manufacturing
problems. Although a substantial amount of
vaccine has been distributed, some providers
have still not received vaccine. As a result,
public and private vaccination programs
have been delayed this season, and individuals
who would otherwise have been vaccinated
by this time remain unprotected.

Elderly persons and persons of all ages with

certain chronic medical conditions are more
likely than those who are younger and
healthier to develop serious complications as
a result of influenza infection. Even individuals
with uncomplicated influenza infection
stand to miss work and school days. It
has been estimated that the cost of a severe
influenza epidemic in the United States may
be as high as 12 billion dollars. The greatest
total costs of influenza are not due to the
direct costs of inpatient and outpatient
medical care, but to lost productivity. 2

The symptoms of uncomplicated influenza
can usually be managed with bed rest, fluids,

and simple home remedies or over-the-
counter medications such as antipyretics,
analgesics, and cough suppressants. The

choice of antipyretic and analgesic is important
for children and teenagers, who, because
of the risk of developing Reye's syndrome,
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should never be given aspirin when influ-
enza is suspected. 3

Antiviral agents offer another option for
treating influenza. There are now 4 differ-

ent antiviral drugs available with specific
activity against influenza (Table 1). Two of
these drugs, amantadine and rimantadine,
are effective only against influenza type A.
Two recently approved drugs, zanamivir
and oseltamivir, are effective against both
influenza types A and B. Amantadine and
rimantadine can reduce the severity and
duration of influenza A' infections when
administered within 48 hours of illness onset,
but have not been proven to prevent compli-

cations.4" Zanamivir and oseltamivir have
been shown to reduce the duration of
uncomplicated influenza illness when
administered within 30 to 36 hours of ill-
ness onset. These drugs also can reduce the

severity of uncomplicated influenza illness;
there is evidence from clinical studies that
they also can reduce the incidence of influ-

enza-associated complications and the use
of antibiotics. However, larger studies are
needed to confirm these findings and to
determine the extent to which they can
reduce severe complications.6-9

Amantadine and its closely related
analogue rimantadine have been studied

since the 1960s and were approved for

treatment and prophylaxis of all type A

Continued



TABLE 1, Comparison of Antiviral Agents for Influenza

Types of Influenza
Virus Inhibited

Route of
Administration

Amantadine

Influenza A

Oral

Ages for which
Treatment Approved 1 yr

Ages for which

Prophylaxis Approved

Cautions

1 yr

Rimantadine

Influenza A

Oral

14 yrs

_1 yr

Dosage adjusted
for renal
insufficiency;
ages <10 yrs
and> 64 yrs

Dosage adjusted
for renal and hepatic
insufficiency;
ages<10 and
frail elderly

Zanamivir

Influenza A&B

Oral inhalation

12 yrs

Not approved for
prophylaxis

Not recommended
for patients with
airway disease

Oseltamivir

Influenza &B

Oral

_18 yrs

13 yrs

Dosage adjusted
for renal
insufficiency

Adapted from: CDC. Neuraminidase inhibitors for treatment of influenza A and B infections. MMWR 1999;48(RR14).

influenza viruses in 1976 and 1993,
respectively. Both drugs prevent influenza
A virus replication by the same mechanism,
and viruses are cross-sensitive and cross-
resistant. However, the pharmacokine-
tics of these drugs differ markedly. Both
drugs have high oral bioavailability, but
amantadine is largely unmetabolized and
is associated with a higher incidence of
central nervous system and neuropsy-
chiatric side effects, especially among
the elderly. Both drugs require dosage
adjustments for patients with renal
insufficiency, and rimantadine requires
adjustment in patients with severe
hepatic dysfunction.4'5

Zanamivir and oseltamivir interfere with
the replication of both influenza type A and
type B viruses by inhibiting enzymatic
activity of the viral neuraminidase, which
plays an important role in the release of
virus from infected cells. Zanamivir is
administered as a fine powder directly to
the respiratory tract by oral inhalation
using a specially designed breath-
activated plastic device. Only about 4%
to 17% of the inhaled dose is absorbed
systemically and is excreted unchanged
in the urine.9 Pharmacokinetic studies
have concluded that the potential for
drug interactions is very low. 10 In clini-
cal trials adverse events were uncommon,

and the incidence of adverse events was
similar in treatment and placebo groups.
However, after zanamivir was approved
for marketing in 1999, cases of broncho-
spasm and respiratory function deteriora-
tion following inhalation of zanamivir
were reported; most, but not all, were
among patients with underlying asthma
or chronic obstructive pulmonary disease.1
Therefore, zanamivir is not recommended
for treatment of patients with underlying
airways disease.

Oseltamivir is well-absorbed after oral
administration and is metabolized in the.
liver to the active compound GS4071.
Because GS4071 is excreted in the urine
by glomerular filtration and tubular
secretion, a reduction in dosage is
recommended for patients with creatinine
clearance <30 mL/min. Since oseltamivir
is metabolized by high capacity esterases,
no dosage adjustment has been recom-
mended for patients with liver disease. In
clinical trials, mild and transient gastrointes-
tinal disturbances, primarily nausea and
vomiting, were reported more frequently
among subjects receiving oseltamivir than
those receiving placebo. These events
generally occurred on initiation of treatment
and resolved within two days; dropout rates
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were low and similar between treatment
and placebo groups. There is also some evi-
dence that taking the drug with food may
reduce the incidence of these side effects.9-11

Amantadine and rimantadine are also
approved for prevention of influenza
type A. Oseltamivir was approved for
prevention of influenza types A and B
in November 2000 after it was shown to
be effective in preventing influenza ill-
ness and infection in studies of naturally
occurring and experimental influenza A
and B infections.'1 There is evidence
that zanamivir is also effective as
prophylaxis, and it may be approved
for this indication in the future.'1 2

Many studies have shown amantadine
and rimantadine to be 70% to 90% effec-
tive in preventing illness caused by natu-
rally occurring strains of type A influenza
viruses; chemoprophylaxis with these
drugs has been effective in stopping
outbreaks in long-term-care facilities and
boarding schools and in limiting transmis-
sion within households.4  However,
efforts should be made to isolate persons
who are being treated from those who
are taking drug for prophylaxis because
individuals who are treated with either
amantadine or rimantadine may shed
resistant virus during the course of
therapy.' 3 Although emergence of resis-
tance during treatment has not been
shown to reduce therapeutic efficacy in
persons shedding resistant virus, resistant
viruses can be transmitted to contacts,
whether or not they are undergoing
chemoprophylaxis. Apparent transmis-
sion of resistant virus has been described
in nursing homes and within house-
holds.'4"5

The extent of transmission of resistant
viruses is unknown. Most amantadine-
and rimantadine-resistant viruses have
been isolated from persons undergoing
drug treatment or, less often, from their
contacts. In situations when only
prophylaxis has been used, isolation of
resistant virus has been uncommon.

International surveillance for drug-resis-
tant influenza A viruses has shown that
few isolates obtained from patients with
no known history of antiviral treatment
are resistant.13-1

6

Studies to date suggest that resistant vi-
rus does not readily emerge during
treatment with zanamivir and
oseltamivir, although strains of influ-
enza virus resistant to these compounds
have been identified both in vitro and in
vivo. However, resistant viruses do not
emerge as rapidly during passage in tis-
sue culture in the presence of zanamivir
and oseltamivir as they do in the pres-
ence of amantadine and rimantadine; in
clinical trials resistant strains have rarely
been isolated from subjects taking these
drugs for treatment of influenza infec-
tion. Furthermore, laboratory studies
to date suggest that, compared with
wild type virus, most viruses that have
developed resistance to zanamivir or
oseltamivir may be at a growth
disadvantage.17 20 In vitro studies have
shown that amantadine- and rim4ntadine-
resistant viruses are sensitive to
zanamivir and oseltamivir.

Use of rapid diagnostic testing can
greatly facilitate early detection and
confirmation of influenza in the com-
munity and help determine treatment
options for patients who present with
influenza-like illness.2 0 It is not necessary
to test every patient once a community
outbreak of influenza has been detected
and confirmed. There are a number of
commercially available assays that can
be used to rapidly detect influenza from
nasopharyngeal, nasal or throat swab
specimens. One enzyme immunoassay,
Directigen Flu A®, will detect only
influenza type A.2 ' A new enzyme
immunoassay, Directigen Flu A&B®
detects both influenza A and B, and
indicates a positive or negative result for
each influenza virus type.22 Other
available rapid diagnostic tests for
point-of-care use detect both influenza
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types A and B but do not distinguish
between the two. The ZstatFlu® test is
a colorimetric enzyme assay that detects
activity of the influenza neuraminidase
enzyme.23 AB FLU OIA® is an optical
immunoassay that detects antibody-
antigen interactions that are registered
visually on a slide.24 QuickVue® is an
immunoassay using monoclonal anti-
bodies; a color indicator on a test strip
is used to determine if influenza virus
antigens are present in throat swab,
nasal wash, or nasal aspirate specimens? 5

Knowledge of national, state, and local
influenza surveillance data-disseminated
by the Centers for Disease Control and
Prevention and by state and local health
departments-can be used to determine
which rapid assays are best to use in a
given influenza season. During most in-
fluenza seasons, only one influenza virus
type predominates in any given geographic
area at any given time during the season.
During the more unusual seasons when
both influenza types A and B circulate
simultaneously, 2 tests or the single test
that distinguishes type A from B, may be
needed to determine the etiology of the
outbreak. When suspected or confirmed
influenza outbreaks occur, specimens also
should be sent to state or local health
departments for viral culture, which is
necessary to characterize the virus and
determine how similar it is to the vaccine
strains or to test for other agents if
influenza is not detected This is also an
important contribution to the accumula-
tion of virologic data needed for annual
influenza vaccine strain selection.

Prepared by Nancy Arden, MN, Depart-
ment of Microbiology and Immuniology,
Baylor College of Medicine.
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Errata

Several typographical errors appeared in the print copies of DPN Vol. 60, No. 24.
The Internet version was corrected prior to its appearance online and its delivery via
the list servers. The corrections are as follows:

In the second paragraph on page 1, "The main incubation..." should read, "The
mean incubation...." In the first paragraph of the second column on page 1, p+0.008
should be p=0.008. The second sentence in the second paragraph of column 2, page
1, should read, "Of the 67 people who consumed most or parts of the meal, 83%
were interviewed.

DPN staff apologize for any problems these errors may have caused our readers.
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