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In the United States, pharmacists have evolved
from being solely advocates of influenza immunization to also being providers of vaccines in all 50
states. Owing to the increasing complexity of
influenza and its management – including emerging
strains, public concern about pandemics, widespread
misconceptions about influenza vaccination, and
mounting resistance to antivirals – it is crucial for
pharmacists to stay abreast of emerging literature.

DESCRIPTION OF INFLUENZA
There are three influenza types (A, B, and C), of
which A and B are implicated in epidemic human
disease. The first portion of the influenza naming
convention includes the type; next, the location of
initial isolation is noted, followed by a strain
designation and the year of isolation. (1) For
example, influenza “A/Puerto Rico/8/34” describes
an influenza A virus that was first isolated in Puerto
Rico in 1934.
Influenza viruses are subcategorized based on
surface antigen subtypes. (1) Influenza is an
enveloped virus with a lipid layer to which two
glycoproteins (surface antigens) are attached:
hemagglutinin (HA), which mediates entry of the
virus into the host cell, and neuraminidase (NA),
which cleaves and releases newly formed viral
particles (virions). Categorization of these structures
forms the second part of an influenza viral name
(e.g., H1N1). There are 16 influenza H subtypes
and nine N subtypes; these form various combinations that differ in terms of genetic makeup,
structure, affected hosts, and clinical manifestations.

A complete description of an influenza strain
includes the glycoprotein subtype – e.g., A/
Fujian/411/2002 (H3N2). Sometimes influenza
strains are characterized by their original host; e.g.,
the 2009 H1N1 strain was labeled as “swine flu”
and the H5N1 strain was called “bird flu.”

HISTORY
Influenza has led to recurrent pandemics and
epidemics every 1 to 3 years over the past 4
centuries. The greatest known pandemic is the 1918
influenza pandemic (nicknamed “the Spanish flu”),
which infected 500 million people and killed 20 to
40 million people worldwide. (2) In 2 years’ time,
the Spanish flu reached pandemic levels, with 20%
of the world’s population infected, including 28%
of all Americans.
The influenza virus rapidly mutates, particularly
by changing HA and NA glycoprotein subtypes,
thereby undermining primary mechanisms of
immunity. The progressive accumulation of mutations over time is called antigenic drift, which
leads to decreasing immunity to the drifting virus.
This mechanism explains the occurrence of repeated
influenza epidemics and is the reason for an annual
need for revaccination. (3) Pandemics, on the other
hand, are caused by novel influenza strains with
glycoprotein subtypes unrelated to previous strains.
Therefore, antibody-mediated immunity from previous influenza exposures provides no protection
against the new strain. This phenomenon is known
as antigenic shift. In addition, to be characterized as
a pandemic, an outbreak must transcend a specific
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geographic area. (3) Although 2009 influenza A
(H1N1) was not a new subtype, few people had preexisting antibodies to it, which resulted in
widespread infection. (4)

EPIDEMIOLOGY
The Centers for Disease Control and Prevention
(CDC) and the National Respiratory and Enteric
Virus Surveillance System collaborate with
laboratories across the country to determine epidemiologic trends. These findings, chronicled weekly
in the CDC’s FluView report, can guide practitioners
in choosing appropriate empiric antiviral agents.
(5) In terms of cumulative epidemiologic data in the
U.S., since September 1, 2009 the CDC has documented two seasonal influenza A H1N1, 14 influenza
A (H3N2), 24 influenza B, and 1,814 2009 influenza
A (H1N1) viruses. (5) However, clinicians should
keep in mind that these samples may not be
representative of all patients with influenza, partly
because most people manage their infections with
self-care and therefore do not contribute samples.
Seasonal influenza causes annual epidemics,
which typically peak in late fall through spring. (6)
In April 2009, a novel influenza A (H1N1) strain
similar to a virus previously identified in swine
began to spread across North America. This strain
did not follow typical annual influenza patterns.
From 1990 to 1999, the average number of
influenza-associated deaths in the U.S. was 36,000
annually, with 90% of these occurring in the elderly.
(7) Mortality rates have steadily increased with the
aging of the population. Among children aged less
than 5 years, influenza is a common cause of
practitioner and ED visits, with an overall visit rate
of 6% to 29% in recent years. (6) Generally,
influenza-associated deaths are uncommon in
children. However, with the preponderance of 2009
virus, mortality in children has increased. Since the
end of August 2009, there have been 273 reports of
influenza-associated pediatric deaths during the
influenza season. (5)

MANIFESTATIONS
Although influenza presentation varies, typical
constitutional symptoms include fever, chills, body
aches, and fatigue, while respiratory symptoms
include congestion, rhinitis, sore throat, and cough.
(6) Differentiation between influenza and upper
respiratory infections of other etiologies is challenging. Additional complaints associated particularly
with 2009 influenza A (H1N1) infection are vomiting
and diarrhea. (6) An influenza patient is considered
contagious 1 day prior to the onset of symptoms,
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with a peak on day 2 or 3, and for a duration of 1
week or longer. Viral shedding occurs via direct
transmission (e.g., sneezing into another person’s
nose or mouth), the airborne route (via production
and movement of aerosolized particles), or direct
contact via hands or mouth. Influenza is well known
as a gateway to pneumonia, which is a life-threatening complication. (6) Complications are more
likely in young children, the elderly, and people
with underlying cardiopulmonary or other chronic
diseases; for this reason, vaccination is critical in
these high-risk populations. (6)

VACCINATION
Influenza vaccination is recognized as the most
important means of preventing influenza. Effectiveness varies depending on patient factors (age,
immunocompetence) and the degree of similarity
between the vaccine and the circulating virus. When
the influenza vaccine and the circulating virus are
antigenically similar, vaccination prevents laboratory-confirmed influenza in 70% to 90% of healthy
adults under the age of 65 years. (8)
The vaccine is trivalent, which means that it
contains three strains (two influenza A, one influenza
B) of different subtypes that change annually based
on global surveillance for the emergence of antigenic
drift. The two forms available on the market-intramuscular trivalent inactivated vaccine (TIV)
and intranasal live attenuated influenza vaccine
(LAIV) – have numerous key differences (Table 1).
Most notably, TIV contains a killed virus (and
therefore cannot cause influenza) and LAIV contains
a live, attenuated virus (which may cause mild
constitutional and respiratory symptoms such as
fever and runny nose). A common and dangerous
misconception, even among health care workers, is
that TIV causes influenza and respiratory infection.
(9) The proposed 2010-2011 North American
influenza vaccine will include a strain similar to the
2009 H1N1 monovalent vaccine, so it is anticipated
that only a TIV will be necessary for the 2010-2011
season. (5) A high-dose TIV containing four times
the amount of antigen also will be available for
adults aged 65 years and older. (5) While this highdose vaccine has demonstrated an improved immune
response, it is unclear whether the vaccine is more
effective, and therefore it is not preferred. (5)
Table 2 lists the populations in whom vaccination
is strongly recommended, although the 2010-2011
recommendations are anticipated to encourage
vaccination in everyone over 6 months of age. Both
vaccines are contraindicated in individuals who
have anaphylactic hypersensitivity to eggs or other
components of the influenza vaccine. Individuals
with an acute febrile illness should wait until
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TABLE 1. Comparison of LAIV and TIV
Characteristic
LAIV
TIV
Route of administration
Intranasal spray
IM injection
Type of vaccine
Live virus
Inactivated virus
Number of included virus strains
3 (2 influenza A, 1 influenza B)
Virus strains updated
Annualy
Frequency of administration
Annualy
> 6 mo
Approved age
2-49 y
Give to pt with medical risk factors for influenza complications?
No
Yes
Give to child with history of wheezing in past year?
No
Yes
Give to family members/close contact of immunosuppressed pts
N0
Yes
requiring protected environment (e.g., post stem-cell transportation?
IM: intramuscular; LAIV: live attenuated influenza vaccine; pt: patient; TIV: trivalent inactivated influenza vaccine.
Source: Reference 6

TABLE 2. High-Risk Populations Targeted for Influenza
Vaccination
•
•
•
•

•
•
•

All children aged 6 mo- 18 y
All persons aged > 50 y
Women who are or will be pregnant or breastfeeding
during influenza season
Adults and children with chronic pulmonary disease
(including asthma) or CV (except HTN), renal, hepatic,
neurologic/neuromuscular, hematologic, or metabolic
disorders (including DM)
Patients who are immunosuppressed (including medication-induced immunosuppression or HIV)
Residents of nursing homes or other LTC facilities
All persons who live with or care for individuals at high
risk for infleunza-related complications (including all
HCPs)

CV: cadiovascular; DM: diabetes mellitus; HCP: health care
professional; HTN: hypertension; LTC: long-tern care.
Source: Reference 6.

symptoms have subsided. A history of GuillainBarré syndrome (GBS) within 6 weeks after a
previous influenza vaccination is considered a
precaution. (6) The 1976 swine flu vaccination was
associated with an increased frequency of GBS of 1
additional case per 100,000 persons vaccinated.
(10,11) The CDC, however, has stated that there is
no evidence of an increase in GBS-related fatality
associated with influenza vaccination. (6)

DRUG T ERAPY
Antiviral medications are adjunctive agents for
the prevention of influenza. They also are used early
in the course of uncomplicated influenza infection
to reduce the duration of illness by approximately 1
day. (12) Adamantane derivatives (amantadine, rimantadine) and neuraminidase inhibitors (zanamivir,
oseltamivir) are the two classes of agents available
in the U.S. with activity against influenza (Tables 3
and 4). Antiviral medications may inhibit replication
of live virus vaccine. Because of this potential
interference, LAIV should not be given 48 hours
after administration of these agents and antivirals
should not be given for 2 weeks after LAIV, unless
medically indicated. (12)

During the 2009-2010 influenza season, neuraminidase inhibitors were the preferred agents for
treatment and prophylaxis. The predominance of influenza caused by 2009 influenza A (H1N1), which is resistant to adamantanes, dictated these recommendations. It
is anticipated that neuraminidase inhibitors will be the
mainstay for the 2010-2011 season; for this reason, this
review will discuss the neuraminidase inhibitors. It is
imperative that pharmacists access current CDC information to stay abreast of the most common influenza
strains encountered during the influenza season, these
strains’ susceptibility to antiviral agents, and the most
recent recommendations for treatment and prophylaxis.
(13)
Neuraminidase Inhibitors
The neuraminidase inhibitors zanamivir and
oseltamivir have activity against influenza A and B.
Neuraminidase is a surface protein that is essential
for the release of virus from infected cells, viral
aggregation, and spreading within the respiratory
tract. Both zanamivir and oseltamivir are competitive
inhibitors of neuraminidase, which is expressed by
influenza A and B. (14) Resistance to zanamivir and
oseltamivir results from mutations in viral hemagglutinin and/or neuraminidase. Mutations
affecting hemagglutinin result in hemagglutinin
that is less tightly bound to its own receptors,
leaving the virus less dependent on neuraminidase
for release from infected cells. (14)
The CDC tests for viral resistance to neuraminidase inhibitors. The majority of 2009 influenza
A (H1N1) viruses are susceptible to oseltamivir, but
rare sporadic cases of oseltamivir-resistant 2009
influenza A (H1N1) viruses have been detected.
Overall, oseltamivir resistance remains under 2%.
Interestingly, all tested viruses retained susceptibility
to zanamivir. (5)
Zanamivir has a low oral bioavailability; as such,
it is currently administered by oral inhalation via a
disk inhaler delivery system (Tables 3 and 4).
Following administration in healthy volunteers,
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TABLE 3. Summary of Antiviral Agents for Influenza
Drug
Name
Oseltamivir
(Tamiflu)

Route
Oral

Bioavailability
75%

Elimination
Half-Life*
Elimination
6.7-8.2 h
Renal

Zanamivir
(Relenza)

Oral
inhalation

Inhalation: 4%-25%
Oral: 2%

2.5-5.1 h

Minimal to no
metabolism;
renal (<10%)
Renal

Amantadine
Oral
86%-94%
11-15 h
(Symmetrel)
Rimantadine
Oral
>96%
20-36 h
Hepatic
(Flumadine)
metabolism
Normal renal function.
AE: adverse effect; CNS: central nervous system; GI: gastrointestinal.
Source: References 56-59.

Most
Common AEs
Nausea,
vomiting,
dizziness
Bronchospasm,
wheezing
CNS effects
CNS effects

Comments
Minimize GI AEs by ingesting with
food
Caution in patients with underlying
pulmonary disease
Greater potential for AEs in elderly
and those with renal impairment
Less potential for CNS effects
compared with amantadine

TABLE 4. Dosing Guidelines for Neuraminidase Inhibitors
Antiviral
Drug/Route

Dosage
Form

Age

Body
Weight

Prophylaxis

Comments

Oseltamivir,
Tamiflua,b
(oral)

Oral capsules:
30 mg, 45 mg, 75 mg

<3 moc

NA

3 mg/kg/dose bid

> 3 mo
> 12 mo
> 12 mo
> 12 mo
> 12 mo
Adult

NA
< 15 kg
16-23 kg
24-40 kg
> 40 kg
NA

Data on use are limited in the
age group; therefore, this drug
is not recommended unless the
situation is judged to be critical
3 mg/kg/dose daily
30 mg daily
45 mg daily
60 mg daily
75 mg daily
75 mg daily

Prophylaxis:
>5y
Treatment:
>7y
Adults

NA

Oral suspension:
12 mg/mL
(available
commercially),
15 mg/mL
(compounded from
capsules)
Oral inhalation: circular
Zanamivir,
Relenza (oral double-foil pack (Rotadisk)
inhalation)
containing #4 blisters of
drug (5 mg each) for
administration via Diskhaler inhalation device

10 mg (two 5-mg
inhalations) daily

NA
NA

3 mg/kg/dose bid
30 mg bid
45 mg bid
60 mg bid
75 mg bid
75 mg bid

10 mg (two 5-mg
inhalations) daily

10 mg (two 5-mg
inhalations) bid
10 mg (two 5-mg
inhalations) bid

Dose adjustment (reduction by 50%) recommended for children with CrCl 10-30 mL/min.
Dose adjustment recommended for adults with CrCl 10-30 mL/min. Prophylaxis: reduce dose to 75 mg EOD or 30 mg once daily.
Treatment: reduce dose to 75 mg daily.
c
Dose recommendation not internded for premature infants.
CrCl: creatinine clearance; EOD: every other day; NA: not applicable.
Source: References 6, 20, 30.
a
b

drug deposition was noted primarily in the
oropharynx (78%) and the lung (13%-15%). (15)
Administration of zanamivir is dependent on
activation of the device by the patient. Owing to the
potential for a decline in lung function, the risks and
benefits of zanamivir therapy must be carefully
considered in patients with underlying diseases such
as asthma or chronic obstructive pulmonary disease.
(16) Zanamivir powder should not be solubilized for
administration via nebulizer or administered to
patients on mechanical ventilation, as a death has
been reported from obstruction of a ventilator circuit
by lactose sugar in the formulation. (14)
Oseltamivir is administered orally as a prodrug,
oseltamivir phosphate, which is rapidly converted by
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hepatic esterases to the active metabolite oseltamivir
carboxylate. (18) Enteric absorption of oseltamivir
appears adequate in ICU patients. (19) Oseltamivir
carboxylate is eliminated almost entirely (>99%) by the
kidney, and dose adjustments are necessary in patients
with creatinine clearance <30 mL/min. (20) In general,
oseltamivir is well tolerated, with the most common
adverse effects (AEs) being nausea and vomiting. (20)
Doses as high as 450 mg twice daily for 5 days in healthy
volunteers were found to cause no accumulation of
oseltamivir or its active metabolite; headache, nausea,
vomiting, and dizziness were the most common AEs
reported, the last three being dose-related. (21)
An increased incidence of neuropsychiatric
events in influenza patients who were prescribed
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oseltamivir has been noted. (22) Most events were
more commonly reported in children early in the
course of illness and close to the time that therapy
was initiated. Rarely, an association with zanamivir
has been reported. (16) A recent review highlighted
the potential for central nervous system sequelae
(e.g., delirium, encephalitis) from influenza itself,
so the true contribution of neuraminidase inhibitors
to neuropsychiatric effects remains unclear. (23)
No clinically significant drug interactions are
expected with zanamivir. Based on its pharmacokinetic
profile, oseltamivir has a low potential for drug
interactions. Probenecid, a potent competitive inhibitor
of the renal tubular secretion of weak organic acids,
has been shown to decrease the oseltamivir carboxylate
volume of distribution by 40% and renal elimination
by 61%, with a median increase in AUC of 154%. (24)
An in vitro study has shown that, in the presence of the
antiplatelet medication clopidogrel, hydrolysis of
oseltamivir was inhibited by as much as 90%. (25)
Since hydrolysis is required for oseltamivir’s
therapeutic activity, the concurrent use of these
medications may decrease the therapeutic effect of
oseltamivir, but the extent to which this occurs in vivo
remains to be established.
Adamantane Derivatives
The adamantine derivatives amantadine and
rimantadine have activity only against influenza A.
These agents block the essential M2 protein, an
acid-activated ion channel found only in influenza
A, resulting in inhibition of viral uncoating and
replication. Resistance, which can emerge spontaneously or rapidly during treatment, is conferred
upon both amantadine and rimantadine. (26) The
CDC tests for resistance to amantadine and rimantadine. (5) No resistance was noted in the seasonal
influenza A (H1N1) strain, but resistance is almost
complete in influenza A (H3N2) and in 2009
influenza A (H1N1). (5) Therefore, the adamantanes
are not reliable and are not routinely recommended
for treatment of or prophylaxis against influenza.
(5) Pertinent characteristics of the adamantanes are
summarized in Table 3.
Special Populations
Pregnancy and Lactation: Pregnant women are at
increased risk for severe disease and complications-including death--from influenza infection. (27,28)
Pregnant women accounted for 5% of deaths from
2009 influenza A (H1N1) during the first 8 months of
the pandemic, and influenza was more common in the
second and third trimesters. (27) In addition, women
in their third trimester presented with more severe

illness, with 49% requiring ICU admission. (27) In
2009, the CDC recommended that pregnant women
with influenza A (H1N1) be treated with antivirals. (6)
There are limited safety data, however, on the use of
neuraminidase inhibitors and adamantanes in
pregnancy; therefore, all of the currently available
agents are designated pregnancy category C.
Embryo-fetal development studies of oseltamivir
in animals reported a dose-dependent increase in the
incidence of minor skeletal abnormalities in exposed
offspring. (20) In postmarketing surveillance, exposure
to oseltamivir during pregnancy has resulted in a low
rate of malformations that is within the incidence of
major malformations in the general population (1%3%). (29) It is unknown to what extent oseltamivir is
excreted in breast milk in humans. (20)
In animal studies, zanamivir crosses the placenta.
Embryo-fetal development studies of IV zanamivir
in animals using 300 times the exposure in humans
reported no malformations, maternal toxicity, or
embryotoxicity. (16) During clinical trials, three
pregnant women were exposed to zanamivir. One
patient had a miscarriage, one pregnancy was
terminated, and the third patient had a healthy birth.
(30) Zanamivir is excreted in breast milk in rats, but
no data are available in humans.
Amantadine is teratogenic and embryotoxic in
animal studies. (31,32) Two case reports have
identified defects in infants born to women exposed
to amantadine during the first trimester. (33,34)
Amantadine is excreted in breast milk at low
concentrations, and its use is not recommended
owing to the potential for AEs. (31) In animal studies,
rimantadine is associated with embryotoxicity and
developmental abnormalities at doses five to 11 times
the recommended human dose based on body surface
area. (32) No data are available regarding rimantadine
concentrations in human breast milk.
Data on the safety of antivirals for influenza in
pregnant and lactating women remain limited.
Whereas a risk has been demonstrated mainly in
animal studies, that risk must be weighed against the
benefits of treatment in a population that presents
with a high incidence of severe disease and mortality
from influenza.
Renal Replacement Therapy: In the hospitalized
severely ill patient with influenza, organ dysfunction
and fluid imbalances are common. Oseltamivir, in
contrast to inhaled zanamivir, requires dose
adjustment in patients with renal disease (Table 4).
The use of renal replacement therapy (RRT), like
hemodialysis (HD) and continuous venovenous
hemodialysis (CVVHD), contributes to drug removal and further complicates drug dosing. No
official dosing recommendations for oseltamivir
37
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exist for patients receiving RRT. One study in HD
patients documented significant drug removal, with
serum concentrations of oseltamivir carboxylate
decreasing by about 70% during a 5-hour session.
(35) This prompted the researchers to recommend a
30-mg dose of oseltamivir after alternate HD
sessions. A recent study of children receiving HD
recommended dosing after each session to avoid
subsequent subtherapeutic exposure. (36)
Not much data exist for continuous RRT. An in vitro
one-compartment model of CVV hemofiltration
estimated the sieving coefficient of oseltamivir carboxylate
to be close to 1, suggesting that clearance of oseltamivir
carboxylate can be estimated by the ultrafiltration rate.
(37) While the limitations of an in vitro model must be
considered, data suggested that doses of oseltamivir
recommended for patients with normal renal function
may be appropriate in this population. (37) However, a
recent report in a patient receiving CVVHD and
extracorporeal membrane oxygenation observed fivefold
higher Cmax and AUC values compared with values from
healthy volunteers, which suggests that some dose
adjustment is necessary in patients receiving CVVHD.
(38) Additional studies in this population are needed.
Young Children: Oseltamivir has demonstrated
safety and effectiveness in children aged 1 year and
older, with reductions in overall clinical illness and
fever and in the incidence of otitis media. (39)
Oseltamivir is not approved for use in children aged
under 12 months, secondary to toxicities shown in
juvenile rats. (40) The FDA, however, released an
Emergency Use Authorization (EUA) to allow
oseltamivir to be used for treatment and prophylaxis
in children younger than 12 months during the 2009
influenza season, citing the uncertainty of this toxicity
in humans and a different risk-benefit conclusion in
light of the potential for a pandemic. (40)
At least three case series of oseltamivir use in
children aged less than 1 year have been published,
all of them suggesting reasonable safety. (41-43)
Oseltamivir-treated children had relatively more
gastrointestinal symptoms, but use was not
associated with more encephalopathy or higher
mortality. (43) A retrospective review of 180 infants
younger than 12 months who received oseltamivir,
amantadine, or rimantadine noted no difference in
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neurologic abnormalities between oseltamivir and
the adamantanes. (43) The only difference was a
lower incidence of head/eye/ear/nose/throat abnormalities in infants who received oseltamivir.
IV Agents
There are currently no FDA-approved agents for IV
use in severe influenza. For the 2009 influenza season,
the FDA released an EUA for IV peramivir. Peramivir
(BioCryst Pharmaceuticals) is a neuraminidase inhibitor
with comparable in vitro activity to oseltamivir and
zanamivir. (44) Peramivir binds more tightly to
neuraminidase and has a longer dissociation half-life.
(45) Peramivir has low oral bioavailability and therefore
is being studied as a parenteral agent. A phase II study
comparing peramivir with placebo reported a shorter
duration of symptoms with peramivir, with no serious
AEs. (46) A few case reports have documented the use
of peramivir during the 2009 influenza season with no
significant AEs. (47,48) Peramivir maintains some
inhibitory activity against zanamivir- and oseltamivirresistant strains, but its activity depends on the type of
neuraminidase mutation. (49) Resistance to peramivir
has been reported.
Intravenous zanamivir is approved for the
treatment of influenza in some countries, but not in
the U.S. The pharmacokinetics of IV zanamivir have
been described. (50) Several case reports have been
published on the use of IV zanamivir for the treatment
of severe cases of 2009 H1N1 influenza, including
oseltamivir-resistant virus. (51-55) Zanamivir was
well tolerated, with no reports of significant AEs.

CONCLUSION
Influenza is highly contagious and is associated
with significant morbidity and mortality. Vaccination
is the best means of prevention, especially in highrisk individuals. Antivirals are important for preventing disease in the unvaccinated and for the
treatment of patients at high risk for complications
and those who present with severe disease. Pharmacists play an important role as vaccine advocates
and in the appropriate selection, dosing, and safety
of antivirals in the critically ill.
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