
EDUCATIONAL OBJECTIVE: Readers will learn about the new types of influenza vaccines, how they can be used to overcome 
barriers to vaccination, and appropriate utilization of neuraminidase inhibitors for treatment and prophylaxis of high-risk patients

Prevention and treatment of  
influenza in the primary care office

■■ ABSTRACT

Influenza, a common respiratory infection, is a source of 
significant rates of illness, death, and loss of productiv-
ity. Annual vaccination is safe and effective in prevent-
ing disease and in reducing its severity. Yet a majority of 
eligible US adults do not receive the annual vaccine, at 
least in part because of misunderstandings about adverse 
reactions and clinical effectiveness. 

■■ KEY POINTS

Influenza vaccination is effective at preventing influenza-
associated disease.

Influenza vaccine is safe in people with a history of mild 
egg allergy.

Many new vaccine formulations exist and may offer ben-
efits to different patient groups.

Neuraminidase inhibitors are recommended for treatment 
and postexposure prophylaxis in patients at high risk of 
influenza-related complications; however, they are not a 
substitute for vaccination.
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E very year, 5% to 20% of US residents 
contract the flu, 200,000 are hospital-

ized for it, and 36,000 die of influenza-related 
complications. The economic impact, includ-
ing direct medical costs and lost earnings, ex-
ceeds $87 billion.1 Despite this, less than half 
of eligible US residents were vaccinated in 
the 2012–2013 season, with uninsured people 
more than twice as likely to forgo vaccina-
tion.2,3

 Several studies have shown that influenza 
vaccination reduces the need for outpatient 
encounters and hospitalizations and lowers 
the incidence of death from acute myocardial 
infarction, the rate of all-cause mortality, and 
even the incidence of therapies administered 
by implantable defibrillators.4–6 In the 2012–
2013 influenza season, vaccination prevented 
an estimated 3.2 million medically attended 
illnesses and almost 80,000 hospitalizations; 
70% of hospitalizations prevented were in 
children age 6 months to 4 years and in adults 
over age 65.7 
 After the 2009 H1N1 pandemic, which dis-
proportionately killed previously healthy adults, 
the US Centers for Disease Control and Preven-
tion (CDC) expanded its vaccination recom-
mendations to include everyone above the age 
of 6 months, with few contraindications.8
 In addition, recent years have seen a great 
expansion in vaccine options, changes in the 
at-risk demographics, and continued wide-
spread resistance to certain antiviral agents, 
with implications for practice in primary 
care.
 Here, we review the barriers and the new 
options for treatment and prevention of influ-
enza.
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 ■ HEMAGGLUTININ AND NEURAMINIDASE

Influenza infection is caused by one of the cir-
culating strains of influenza virus A or B. 
 The major viral surface glycoproteins are 
hemagglutinin and neuraminidase. Hemagglu-
tinin plays an important role in viral attach-
ment to host cells and is the major immunogen 
in the influenza vaccine. Neuraminidase con-
tains an active enzymatic site that cleaves the 
newly formed budding influenza viruses from 
host-cell sialic acid residues and allows them 
to be released from the cell membrane to infect 
other respiratory epithelial cells. It is the target 
of currently recommended antiviral drugs.

 ■ VACCINE PRODUCTION

Throughout the year, 130 influenza centers 
around the world sample circulating strains and 
share their data with five World Health Organi-
zation (WHO) Collaborating Centers for Ref-
erence and Research on Influenza. The WHO 
analyzes the circulation patterns, predicts the 
strains most likely to be circulating in the next 
influenza season, and shares these strains with 
manufacturers of the vaccine.
 Pharmaceutical companies then begin an 
elaborate process of producing and distribut-
ing hundreds of millions of doses of vaccine 
worldwide. The production traditionally uses 
millions of fertilized chicken eggs to produce 
strain-specific influenza hemagglutinin. Indi-
vidual vaccine strains are combined into the 
final product after being inactivated by chemi-
cal or physical splitting of the viral envelope 
with or without subsequent purification of the 
hemagglutinin particles.
 Before 2013, the WHO’s yearly recom-
mendations included two strains of influenza 
A and a single strain of influenza B. In 2013, 
new quadrivalent vaccines that include pro-
tection against a second strain of influenza B 
were approved.
 The WHO strain-selection process allows 
manufacturers about 6 months to produce the 
vaccine. In a typical year, the worldwide de-
mand is about 400 million doses. The theoreti-
cal maximal annual worldwide capacity, given 
current techniques, is fewer than 1 billion 
doses, which is well short of the 10 billion dos-
es necessary to allow for the double vaccina-

tion needed in a pandemic.9 Newly approved 
recombinant manufacturing techniques of-
fer greater production efficiency, while novel 
methods of intradermal administration in-
crease vaccine immunogenicity, decreasing 
the amount of viral antigens used per dose.

 ■ INACTIVATED VS LIVE-ATTENUATED

In addition to intramuscular inactivated influ-
enza vaccine, a live-attenuated vaccine in the 
form of an intranasal spray (FluMist) became 
available in 2003. This form is generally fa-
vored in children, as it avoids the discomfort 
of an injection. It contains live, weakened, 
cold-adapted influenza strains that repro-
duce in the relatively colder temperatures of 
the exterior nares but cannot survive in the 
warmer temperatures of the lung and proximal 
airways. It is approved for healthy people 2 to 
49 years of age, and some evidence suggests 
that it may be more effective than inactivated 
influenza vaccine in children,10 although its 
utility is limited by multiple contraindications 
(see below).

 ■ INFLUENZA VACCINE INDICATIONS  
AND CONTRAINDICATIONS

Vaccination for influenza is recommended for 
all persons 6 months of age and older, an ex-
pansion from pre-2009 guidelines that did not 
recommend vaccination for healthy adults age 
19 to 49 who were not in contact with people 
at high risk of influenza-related complica-
tions.8 Many new vaccine formulations have 
become available in recent years, each with 
specific benefits, risks, and target populations 
(TABLE 1).

Contraindications to inactivated vaccine 
The only firm contraindication to inactivated 
influenza vaccine is previous severe allergic re-
action to influenza vaccine or any of its com-
ponents. Those with moderate to severe acute 
illness are advised to wait until their condi-
tion improves before being vaccinated. People 
who have had Guillain-Barré syndrome and 
those with egg allergy are discussed in MISAPPRE-

HENSIONS THAT POSE BARRIERS TO VACCINATION, below. 
There is no risk of influenza infection from in-
activated influenza vaccine.

Each vaccine 
formulation  
has specific  
benefits, risks,  
and target  
populations
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Contraindications to live-attenuated  
influenza vaccine
Unlike inactivated influenza vaccine, the live-
attenuated vaccine does result in shedding of 
vaccine-strain virus from the vaccinated host, 
with the theoretical potential for transmission 
of the virus from the vaccine recipient to other 
people, as well as the potential for influenza-
like illness in vaccine recipients.11,12 Based on 
reported events, the former is estimated to 
occur in 10 to 20 per 1 million vaccinations, 
although these cases have never been proven 
to be caused by a cold-adapted vaccine-strain 
rather than by coincidental transmission of cir-
culating wild-type viral strains.13 
 Despite this exceedingly small risk of viral 
transmission, live-attenuated influenza vac-
cine has multiple contraindications, including 

age less than 2 years and more than 49 years, 
disease- or drug-related compromised immune 
status, pregnancy, egg allergy, and history of 
allergic reaction to the formulation. These 
limit its use and are important to review in de-
tail before prescribing.14 
 Use of neuraminidase inhibitors within 2 
days before or 2 weeks after receiving live-at-
tenuated influenza vaccine may interfere with 
replication of the cold-adapted strain and de-
crease the vaccine’s effectiveness.14

 ■ EFFECTIVENESS OF INFLUENZA  
VACCINATION IN OLDER ADULTS

The effectiveness of influenza vaccination de-
pends on the age and health status of the per-
son being vaccinated, as well as on the qual-

TABLE 1

Influenza vaccines 

Vaccine type Examples Target population Notes

Inactivated trivalent Fluzone, Fluvirin, Fluarix, 
Afluria

General Afluria is associated with increased 
febrile reactions in children under 8 
years old

High-dose Fluzone High-dose Over age 65 and weakened 
immune status

May offer better protection for older 
patients

Quadrivalent Fluzone Quadrivalent, 
Fluarix Quadrivalent

General Previous formulations offered pro-
tection against 2 influenza A strains 
and only 1 influenza B strain

Recombinant Flublok With egg allergy Contains no egg proteins

Animal cell cultured Flucelvax General, age 18 and older Faster start-up time, not reliant 
on egg production

Subcutaneous Fluzone intradermal Adults with fear of needles 
(approved for people age 18 
to 64)

Cutaneous dendritic cell activation 
may improve immune response 
compared with intramuscular 
formulations

Mercury-free Most single-dose  
preparations

No evidence suggesting that thi-
merosal in vaccines is harmful; no 
precautions against use by any 
medical society, including ACOG19

Live-attenuated FluMist Quadrivalent Healthy, age 2 to 49 Contraindicated in pregnancy, im-
mune-compromised hosts along with 
household members and caregivers

ACOG = American Congress of Obstetricians and Gynecologists
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ity of the match between the vaccine and the 
circulating influenza viruses.
 In the 2012–2013 season, the adjusted 
vaccine effectiveness was 56% overall, 47% 
for influenza A H3N2, and 67% for influenza 
B. However, in people age 65 and older, the 
overall adjusted vaccine effectiveness was 
27%, and only 9% for influenza A H3N2.15 
Thus, even though the vaccine-virus match 
was considered good, the vaccine was subopti-
mally effective in the older group. This may be 
an argument for using the recently approved 
high-dose vaccine in that age group. Al-
though the high-dose vaccine has been shown 
to be significantly more immunogenic in older 
adults, it is too early to know if it is clinically 
more effective in preventing influenza in this 
age group. 
 Despite the lower-than-expected effective-
ness in preventing influenza in the 2012–2013 
season in people age 65 and older, several well-
designed studies found that influenza vaccina-
tion prevented severe disease, including one 
study that found vaccination to be 89% effec-
tive in reducing influenza-associated hospital-
izations in the 2010–2011 flu season.4,16

 The limited effectiveness of vaccination 
in the older age group reminds us of the im-
portance of early recognition and treatment 
of patients at high risk of influenza-related 
complications (see TABLE 2). It is also a call 
for greater compliance with vaccination in 
younger people, with a goal of achieving the 

80% vaccination rate that has been calculated 
as adequate to achieve herd immunity.17

 ■ MISAPPREHENSIONS THAT POSE  
BARRIERS TO VACCINATION

Concern about potential adverse effects is 
the most common reason for refusing influ-
enza vaccination, even among health care 
workers.18 However, the only commonly en-
countered adverse effect of the intramuscular 
inactivated influenza vaccine is injection-site 
pain. 

‘Catching the flu from a flu shot’
Many people think that they can “catch the 
flu from a flu shot” (or think that they actu-
ally did), but vaccine-acquired influenza is 
not possible with the inactivated influenza 
vaccine,19 and it is only a theoretical, undocu-
mented consideration with the live-attenuat-
ed vaccine.
 Various respiratory viruses other than in-
fluenza also cause viral upper-respiratory in-
fections during the influenza season. These 
infections may coincide with influenza vac-
cination and are frequently misconstrued as a 
side effect of the influenza vaccine or as evi-
dence of vaccine ineffectiveness.

Unnecessary concerns about simultaneous 
vaccinations
Patients and doctors are often concerned 
about simultaneous administration of mul-
tiple vaccines and choose to spread out indi-
cated vaccinations over multiple visits. This 
practice increases patients’ risk of illness from 
vaccine-preventable diseases. Research shows 
that simultaneous administration does not 
alter the safety or effectiveness of vaccina-
tion.20–22 The CDC recommends simultaneous 
administration of all indicated live and inacti-
vated vaccinations in order to reduce barriers 
to vaccination.20

Fear of Guillain-Barré syndrome
Guillain-Barré syndrome, an acute ascending 
polyneuropathy, has been blamed on influenza 
vaccination in cases that developed after the 
1976 influenza A (H1N1) epidemic. 
 Most cases are self-limiting but require 
intensive treatment and supportive care. Full 

Many people 
mistakenly 
think they can 
‘catch the flu  
from a flu shot’

TABLE 2

People at high risk of influenza complications

Children under age 5 (especially those under age 2)

Adults age 65 or older

People with immunosuppression, including that caused by medications  
or by human immunodeficiency virus infection 

Women who are pregnant or postpartum (within 2 weeks after delivery)

Persons age 18 or older who are receiving long-term aspirin therapy

Native Americans and Alaskan natives

People who are morbidly obese (body mass index ≥ 40 kg/m2) 

Residents of nursing homes and other chronic-care facilities

SOURCE: US CENTERS FOR DISEASE CONTROL AND PREVENTION
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recovery occurs in 60% of cases, though some 
people experience persistent symptoms. The 
mortality rate is less than 5%.23 
 After the 1976 influenza pandemic, ap-
proximately 400 cases of Guillain-Barré syn-
drome arose in 45 million vaccine recipients, 
or about 1 case per 100,000 people.24 Multiple 
subsequent population analyses concluded 
that the actual incidence of Guillain-Barré 
syndrome attributable to influenza vaccina-
tion is negligible, at less than 1 case in 1 mil-
lion vaccinations. Against this, we should 
compare the real risk of illness and death from 
influenza infection, which itself is a risk factor 
for Guillain-Barré syndrome.25

 Should a person with a history of Guil-
lain-Barré syndrome be revaccinated against 
influenza? The risk was evaluated in a large 
retrospective analysis of cases identified in the 
Kaiser Permanente Northern California Data-
base from 1995 to 2006.26 Five hundred fifty 
cases of Guillain-Barré syndrome were identi-
fied, of which 18 had arisen within 6 weeks of 
the patient receiving a flu shot. Four hundred 
five doses of inactivated influenza vaccine 
were subsequently given to 105 patients who 
had a history of Guillain-Barré syndrome, two 
of whom had developed the syndrome within 
6 weeks of receiving the shot. There were no 
documented episodes of recurrent Guillain-
Barré syndrome in any of these patients. Only 
6 of 550 patients with a history of the disease 
developed it again; none of these 6 had re-
ceived the influenza vaccine in the preceding 
2 months, and only 1 had been exposed to 
the measles-mumps-rubella vaccine in the 4 
months before vaccination. 
 Nevertheless, expert opinion recommends 
lifelong avoidance of any immunization that 
had been given within 6 weeks before the on-
set of symptoms of Guillain-Barré syndrome.27

Overstated concern about egg allergy
Anaphylactic reactions can occur after influ-
enza vaccination in people who have severe 
egg allergy, and concern about these reactions 
unfortunately prevents many otherwise eligible 
people with mild allergy from being vaccinated.
 These reactions are much less common 
than feared. In a well-designed prospective co-
hort study of 367 patients with a history of egg 
allergy and positive skin-prick tests, including 

132 with a history of severe allergy and 4 with 
a history of mild allergic symptoms arising in 
response to previous influenza vaccinations, 
none developed anaphylaxis.28 
 The same authors reviewed 26 studies 
in more than 4,000 egg-allergic patients, of 
whom more than 500 had a history of severe 
egg-associated reactions, and likewise found 
no cases of influenza vaccine-associated ana-
phylaxis. They concluded that the inactivated 
influenza vaccine is safer than the egg-derived 
mumps-measles-rubella vaccine, for which 
precautions for egg allergy no longer exist.28

 People with a history of more serious reac-
tions, ranging from stomach upset to anaphy-
laxis, can be safely vaccinated with a recom-
binant vaccine or referred to an allergist for 
further testing. People who experience hives 
as their only reaction to egg exposure should 
receive full-dose vaccination but then be ob-
served for a half hour afterward.  
 The recombinant trivalent influenza vac-
cine Flublok was approved in 2013 for people 
age 18 to 49. It is the first commercially avail-
able influenza vaccine produced in a continu-
ous insect cell line using a baculovirus vector. 
No eggs are used in its production, and it is 
approved for use in patients with egg allergy of 
any severity. 
 People who have a history of more serious 
reactions, including abdominal pain, nausea, 
vomiting, dizziness, or wheezing can be vac-
cinated with the recombinant vaccine or re-
ferred to an allergy specialist. 
 Despite this new option, understanding of 
alternative immunization guidelines for people 
with egg allergies, available on the CDC web-
site29 remains important, as the availability of the 
recombinant trivalent influenza vaccine remains 
limited in the 2013–2014 influenza season.

Misconception about mercury toxicity
Thimerosal is an ethylmercury-containing pre-
servative used in multidose antiviral vaccines, 
including some influenza vaccines.30 It is de-
signed to prevent bacterial and fungal coloni-
zation of the vaccine vial while not reducing 
vaccine effectiveness or causing toxicity. 
 Contemporary understanding of mercury 
neurotoxicity is based largely on studies of 
methylmercury, including long-term, low-dose 
exposure in remote communities in the Faroe 

Anaphylactic  
reactions are  
much less  
common than  
feared
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Switching to 
quadrivalent 
vaccines is 
expected to 
prevent many 
more cases  
of influenza

Islands and the Seychelles through regular 
consumption of fish and whale meat.31,32 These 
exposure studies had conflicting results: those 
in the Faroe Islands demonstrated toxicity, but 
the Seychelles studies actually showed better 
neurologic test scores at higher mercury levels, 
a trend the authors attributed to the beneficial 
effects of maternal fish consumption.
 The results of the methylmercury stud-
ies have been extrapolated to ethylmercury 
(contained in thimerosal), although the two 
chemicals have vastly different pharmacologic 
properties. For example, methylmercury has a 
longer half-life and greater transport across 
the blood-brain barrier.33 A direct compari-
son found that ethylmercury is less toxic than 
methylmercury, although an increase in ethyl- 
mercury concentration of only 20% resulted 
in similar toxicity profiles.34 These studies 
were performed at concentrations of mercury 
thousands of times higher than those resulting 
from vaccination: nearly 150,000 times greater 
than those in an average adult or 15,000 times 
greater than those in a 1-year-old child from 
the typical 25-μg thimerosal dose allowed in 
contemporary influenza vaccines. 
 Despite much negative publicity, no link 
has been shown between thimerosal and au-
tism.30 Multiple regulatory, scientific, and 
medical organizations including the US Food 
and Drug Administration (FDA), the WHO, 
the National Institutes of Health, the CDC, 
the American Academy of Pediatrics, and 
the American Congress of Obstetricians and 
Gynecologists (ACOG) have evaluated the 
data on the safety of thimerosal in vaccines 
and have agreed that it is safe. However, 
most of them urged vaccine manufacturers to 
eliminate mercury from vaccines as a precau-
tion.30,35 Thimerosal has subsequently been 
eliminated from all childhood vaccines ex-
cept for influenza vaccine, with no resulting 
decrease in childhood autism diagnoses.36 
 Considering that no harm from thimero-
sal at FDA-approved doses has been docu-
mented, and considering the real risk of 
influenza-related complications, particularly 
in young children and pregnant women, we 
recommend vaccination using whatever vac-
cine formulation is locally available for all pa-
tients, including children age 6 months and 
older and pregnant women. Nevertheless, 

given that mercury is being eliminated from 
childhood vaccines and that preservative-free 
single-dose vials are increasingly available 
in the United States, it seems reasonable to 
use thimerosal-free formulations for children, 
expectant mothers, and patients concerned 
about exposure if these formulations are read-
ily available. Influenza vaccination should not 
be delayed if a thimerosal-free formulation is   
not readily available.

 ■ NEW VACCINE FORMULATIONS

Recent years have seen a dramatic expansion 
in influenza vaccine options (TABLE 1).

Quadrivalent vaccines
Quadrivalent vaccines protect against two 
strains of influenza A and two strains of in-
fluenza B, whereas earlier formulations includ-
ed only one influenza B strain. Vaccination 
against either influenza B strain offers only 
limited cross-protection against the other B 
strain, and previous formulations involved as-
sumptions about which strain would predomi-
nate in any given year. The CDC estimates 
that switching to quadrivalent vaccines will 
prevent up to 970,000 cases of influenza, 8,200 
hospitalizations, and 485 deaths per year.37 

Intradermal vaccine
The newly available Fluzone Intradermal vac-
cine contains smaller doses of hemagglutinin 
but is still effective because antigen-present-
ing dendritic cells in the skin reduce the re-
quired amount of vaccine antigen necessary 
for inducing protection.38 This may provide 
an advantage in the event of vaccine shortage. 
Also, since it is given in needles only 1.5 mm 
long, it may appeal to people who are afraid 
of needles.
 The stronger immune reaction with intra-
dermal administration causes more redness, 
induration, and tenderness at the injection 
site than with intramuscular administration.39 
Patients should not be surprised by this reac-
tion and can be advised to apply ice packs for 
symptomatic relief.

High-dose vaccine
A high-dose vaccine was approved in 2009 for 
use in adults age 65 and older. It contains 60 
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μg of hemagglutinin, compared with 15 μg in 
standard-dose vaccines, and has been shown 
to improve seroconversion rates. It remains 
to be seen if this translates into better clinical 
outcomes in older adults.40 Further studies will 
be necessary before we can recommend high-
dose vaccines to other people with weakened 
immune response, such as those undergoing 
chemotherapy or those infected with human 
immunodeficiency virus (HIV).

Cell-based vaccines
Flucelvax was the first cell-based influenza 
vaccine. However, unlike the recombinant 
trivalent influenza vaccine, which uses no 
eggs in its manufacturing process, Flucelvax 
production starts with egg-derived influenza 
strains that are subsequently propagated in 
liquid culture of animal cells. It may therefore 
contain traces of egg protein, and it has not 
been studied in people with egg allergy.41

 An advantage of the cell-based production 
technique is the use of fewer or no eggs at all, 
which may result in greater manufacturing ef-
ficiency. Also, it is a closed process that reduces 
the risk of bacterial contamination as well as 
reliance on antibiotics or preservatives, such as 
thimerosal, in the manufacturing process.42

 ■ CHEMOPROPHYLAXIS  
WITH NEURAMINIDASE INHIBITORS

The mainstays of influenza prevention are sea-
sonal vaccination and appropriate infection-
prevention practices. In addition, in patients 

at high risk of influenza-related complications 
(TABLE 2),43 postexposure chemoprophylaxis 
with a neuraminidase inhibitor, ie,  oseltami-
vir (Tamiflu) or zanamivir (Relenza), is an ef-
fective preventive strategy, especially in years 
when the match between vaccine and circu-
lating virus strains is suboptimal.44,45

 Neuraminidase inhibitors are competitive 
inhibitors of the active site of the influenza gly-
coprotein neuraminidase, responsible for viral 
release from infected respiratory epithelial cells. 
Rates of resistance to neuraminidase inhibitors 
have been less than 1% in the United States in 
recent years, while resistance to the adaman-
tanes amantadine (Symmetrel) and rimanta-
dine (Flumadine) can be as high as 92%, de-
pending on the virus isolate. Thus, their use 
for treatment or prophylaxis of influenza is not 
currently recommended by the CDC.46 
 Chemoprophylaxis with any agent may 
promote emergence of resistant strains, can 
cause adverse reactions, and should never be 
considered a substitute for vaccination.

 ■ ANTI-INFLUENZA AGENTS

Two neuraminidase inhibitors, oseltamivir and 
zanamivir, are approved by the FDA for pre-
venting and treating uncomplicated influenza. 
Treatment must be instituted within 2 days of 
onset of symptoms to be effective. 
 Oseltamivir is available as an oral capsule 
or powder for liquid suspension. Its most com-
mon adverse effects are gastrointestinal upset 
including diarrhea, nausea, and vomiting.44 

Chemo- 
prophylaxis  
is not a  
substitute  
for vaccination

TABLE 3

Adult dosing of neuraminidase inhibitors 
for treating and preventing influenza

                Oseltamivir                    Zanamivir

Treatment Prophylaxisa Treatment Prophylaxisa

Dose 75 mg 75 mg 10 mg 10 mg

Frequency Twice daily Once daily Twice daily Once daily

Duration 5 days 10 days 5 days 10 days

Cost $160 $160 $80 $80
aRefers to prophylaxis in household settings. Prophylaxis for community outbreaks is for 28 days.
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 Zanamivir is only available in the form of a 
dry powder inhaler because of the drug’s poor 
oral bioavailability, and only 4% to 17% of the 
inhaled dose is systemically absorbed.45 There 
is a theoretical benefit in targeted delivery of 
zanamivir to the primary organ affected by 
influenza, and gastrointestinal side effects are 
less common with this drug.44,45 Unfortunately, 
the zanamivir inhaler requires complicated as-
sembly and dexterity for administration (see 
the video on YouTube47), which may make it 
unreliable in certain patient groups, especially 
handicapped and elderly patients. Administra-
tion has been associated with bronchospasm, 
resulting in a more than 20% reduction in the 
forced expiratory volume in 1 second, and it 
is contraindicated in patients with underlying 
reactive airway disease such as chronic ob-
structive pulmonary disease or asthma.45 
 TABLE 3 lists the doses and duration of thera-
py for oseltamivir and zanamivir in adults with 
normal renal function, as well as approximate 
costs. No generic formulations of neuramini-
dase inhibitors are currently available, and 
outpatient use may not be covered by medi-
cal insurance. Several other neuraminidase 
inhibitors are either under development or at 
various stages in the FDA approval process.

 ■ EFFECTIVENESS  
OF ANTI-INFLUENZA DRUGS

Treatment with oseltamivir has been shown to 
reduce the duration of symptoms by approxi-
mately 1 day if initiated within 36 hours of on-
set of illness and 1.5 to 2 days if initiated with-
in 24 hours.48,49 Trials and meta-analyses of 
zanamivir show similar effectiveness, though 
some suggest that symptoms were alleviated as 
much as 3 days sooner than in controls in a 
subgroup of patients who were febrile at pre-
sentation.50,51 Dual neuraminidase inhibitor 
therapy in an attempt to prevent emergence 
of resistance seems logical but was actually 
found to be less effective than monotherapy, 
according to a 2010 study.52

 The effectiveness of neuraminidase inhibi-
tors in reducing influenza-related complica-
tions and mortality rates has been controver-
sial in recent years, as these outcomes were 
not addressed in initial studies that secured 
FDA approval. Several meta-analyses differ 

in their assessments of available data quality 
and conclusions. A 2009 Cochrane review 
questioned the completeness and the verac-
ity of the data from manufacturer-funded trial 
data, much of which was unpublished and not 
made available to reviewers, and it concluded 
that a reduction of complications could not be 
supported by the available data.53 Hernán and 
Lipsitch,54 in a 2011 review, calculated that  
oseltamivir reduces the risk of lower respira-
tory tract complications by 28% in patients 
with influenza-like symptoms and by 37% in 
patients with confirmed influenza infection. 
 Additional trials and better access to avail-
able data are needed to settle the question of 
the effectiveness of neuraminidase inhibitors 
in reducing complications of influenza. Mean-
while, they remain strongly recommended 
by major health organizations, including the 
CDC and the WHO, which lists oseltamivir 
on its “model list of essential medicines.”

 ■ VIRAL RESISTANCE TO NEURAMINIDASE 
INHIBITORS 

Viral resistance to neuraminidase inhibitors  
occurs through multiple mechanisms and may 
arise without selective pressure from exposure 
to these drugs.55

 Oseltamivir possesses a hydrophobic moi-
ety that requires viral neuraminidase to un-
dergo a complex reconfiguration to expose 
the active site prior to binding. Any mutation 
affecting its ability to undergo this structural 
rearrangement can promote resistance by de-
creased oseltamivir access to the active site.
 Zanamivir has a structural homology to 
the neuraminidase active site and requires no 
such reconfiguration. Additionally, mutations 
promoting resistance to zanamivir may actu-
ally decrease viral fitness; thus, resistance to 
zanamivir is significantly less common than to 
oseltamivir.55 
 About 2,000 influenza virus isolates cur-
rently circulating in the United States were 
tested for resistance; only 1% of the 2009 
influenza A H1N1 isolates demonstrated re-
sistance to oseltamivir, and none to zanami-
vir.56 
 The CDC regularly updates the resistance 
patterns of circulating influenza strains at 
www.cdc.gov/flu/weekly/index.htm.

More study 
is needed of the 
effectiveness of  
neuraminidase 
inhibitors in 
reducing the 
complications 
of influenza
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 ■ SPECIAL CONSIDERATIONS

Pregnancy
Pregnant women may be at higher risk of se-
vere influenza complications. This was espe-
cially true during the 2009 H1N1 pandemic, 
when pregnant women had a five times higher 
risk of death from influenza-related complica-
tions. Additionally, fever during pregnancy 
is an independent risk factor for adverse out-
comes in the offspring.57 Maternal vaccina-
tion against influenza effectively protects the 
infant for the first 6 months of life, when vac-
cination is not recommended because of a 
poor immune response.58 
 Live-attenuated influenza vaccine is con-
traindicated during pregnancy. Given the 
documented risks to the mother from influenza 
and no documented harm from preservatives 
in multiuse vaccine vials, the Advisory Com-
mittee on Immunization Practices (ACIP) and 
ACOG do not state a preference for thimer-
osal-containing or thimerosal-free vaccine for 
any group, including pregnant women. Preg-
nant women should be vaccinated with what-
ever inactivated influenza vaccine formulation 
is available at the earliest opportunity in the 
beginning of the influenza season, regardless of 
the trimester of pregnancy.
 Pregnant women are at high risk of in-
fluenza-related complications and should be 
considered for postexposure antiviral prophy-
laxis or early treatment with a neuraminidase 
inhibitor. However, both of the approved 
neuraminidase inhibitors are in pregnancy 
safety category C, indicating possible adverse 
effects in animal studies and a lack of safety 
data in pregnant humans. As with all category 
C medications, the risks and benefits must be 
considered, taking  into account maternal co-
morbidities, vaccination status, effectiveness 
of the season’s influenza vaccine, and the viru-
lence of circulating influenza strains. 
 As oseltamivir is associated with nausea and 
gastrointestinal side effects and as zanamivir has 
less systemic absorption, it may be reasonable to 
prescribe zanamivir for women already experi-
encing severe pregnancy-related nausea.

Immunocompromised people
Inactivated influenza vaccine is recommended 
and live-attenuated influenza vaccine is con-

traindicated for all immunocompromised peo-
ple. Generally speaking, any form of immune 
compromise will decrease the immunogeni- 
city of the vaccine. Additional considerations 
vary depending on the cause and severity of 
the immunocompromised status. 
 HIV-infected patients have higher sero-
conversion  rates when vaccinated with the 
high-dose vaccine than with the standard-dose 
vaccine; however, as in adults over age 65, the 
clinical benefit has yet to be evaluated.59 The 
efficacy of vaccination is predictably related to 
the CD4 cell count, as T cells are necessary to 
mount a response.60 No documented benefit is 
gained from booster influenza vaccination in 
this group of patients. 
 Cancer patients should receive inactivat-
ed influenza vaccine every year. Postexposure 
chemoprophylaxis should be considered, and 
early treatment with a neuraminidase inhibi-
tor is recommended in patients undergoing 
chemotherapy. 
 Solid-organ transplant recipients face a 
risk of organ rejection if they contract influ-
enza infection, in addition to a higher risk of 
influenza-related complications.61 Transplant 
recipients should receive inactivated influ-
enza vaccine as soon as it becomes available at 
the beginning of every influenza season. Ad-
ditional research is necessary to evaluate the 
safety and effectiveness of the high-dose influ-
enza vaccine in this patient group.

 ■ MORE OPTIONS, GREAT BENEFIT

Influenza remains a significant source of mor-
bidity and mortality in the United States, and 
emerging pandemic strains as well as the aging 
population pose the risk of increased disease 
burden. New vaccine options offer hope of 
greater safety, improved efficacy, and higher 
vaccination rates though broader appeal to in-
dividuals. The actual differences in protection 
between various vaccine options are insignifi-
cant relative to the overall benefit of vaccina-
tion. 
 Health care providers should inquire about 
patients’ understanding and address their con-
cerns about vaccination. Giving an available 
influenza vaccine within approved indications 
should not be delayed if alternative vaccine 
options are not readily available. 

Live-attenuated 
influenza  
vaccine is  
contraindicated  
in pregnancy
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 In addition to vaccination, patients at 
high risk of complications should be advised 
early in the influenza season to inform their 
doctors about potential exposure to influ-

enza or the development of flu-like symp-
toms for consideration of early treatment or 
postexposure prophylaxis with a neuramini-
dase inhibitor.	 ■
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