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Influenza Vaccines:
From Surveillance Through Production to Protection

PriTisH K. TosH, MD; ROBERT M. JACOBSON, MD; AND GREGORY A. POLAND, MD

Influenza is an important contributor to population and individual
morbidity and mortality. The current influenza pandemic with nov-
el HIN1 has highlighted the need for health care professionals
to better understand the processes involved in creating influenza
vaccines, both for pandemic as well as for seasonal influenza. This
review presents an overview of influenza-related topics to help
meet this need and includes a discussion of the burden of dis-
ease, virology, epidemiology, viral surveillance, and vaccine strain
selection. We then present an overview of influenza vaccine-re-
lated topics, including vaccine production, vaccine efficacy and
effectiveness, influenza vaccine misperceptions, and populations
that are recommended to receive vaccination. English-language
articles in PubMed published between January 1, 1970, and Oc-
tober 7, 2009, were searched using key words human influenza,
influenza vaccines, influenza A, and influenza B.
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ACIP = Advisory Committee on Immunization Practices; CDC = Centers
for Disease Control and Prevention; Cl = confidence interval; COPD =
chronic obstructive pulmonary disease; FDA = Food and Drug Admin-
istration; GBS = Guillain-Barré Syndrome; GISN = Global Influenza Sur-
veillance Network; HA = hemagglutinin; HAl = hemagglutination inhibi-
tion; HIV = human immunodeficiency virus; LAIV = live-attenuated influ-
enza vaccine; M = matrix; NA = neuraminidase; NI = NA inhibitor; NS =
nonstructural protein; PB = polymerase basic; TIV = trivalent inactivated
vaccine; WHO = World Health Organization

he current influenza A pandemic with novel HIN1 and

the race to develop effective vaccines against it have
increased the profile of influenza and influenza vaccination
among the lay public and medical professional commu-
nity, making them more likely to inquire about influenza
strain surveillance and vaccine development. Furthermore,
deaths attributed to novel HIN1 influenza infection have
highlighted the substantial contribution of influenza infec-
tion to overall morbidity and mortality and the importance
of vaccination against seasonal influenza.

Although seasonal influenza is the most common vac-
cine-preventable cause of death in the United States, in-
fluenza vaccination rates remain unacceptably low for all
categories of people at highest risk.!” Both patient-related
factors (eg, lack of awareness of need and concern over
adverse effects) as well as physician-related factors (eg,
failure of physician to recommend for it or recommen-
dation by physician against it) contribute to poor vaccine
uptake.'*!! Because misinformation and lack of physician
recommendation are among the most common reasons why
susceptible people do not receive vaccination, this review
aims to provide a better understanding of seasonal influen-
za vaccines to a wide medical audience. A PubMed search

for relevant English-language articles published between
January 1, 1970, and October 7, 2009, was performed to
find pertinent literature using the key words human influ-
enza, influenza vaccines, influenza A, and influenza B.

BURDEN OF DISEASE

Much of the morbidity and mortality of seasonal influenza
results from complications of influenza infection (eg, bacte-
rial superinfections, exacerbations of underlying illnesses)
rather than from primary influenza pneumonia itself.>!>1¢
In the United States alone, influenza causes 200,000 ex-
cess hospitalizations each year.'”!? Furthermore, it appears
that influenza-attributed mortality has increased over time
in the United States, from 7000 to 32,000 annual deaths in
the late 1970s to 36,000 to 72,000 annual deaths in the late
1990s.° This increase in influenza-attributable mortality
likely relates to host factors, such as the increasing num-
bers of elderly and immunocompromised persons, and vi-
ral factors, such as intrinsic virulence and the increasingly
rapid global spread of new strains.

Influenza vaccination is the most effective means of
protecting susceptible individuals and decreasing viral
transmission within a community, prompting expansion of
guidelines to recommend influenza vaccination for broader
groups of people.! The effectiveness of the vaccine is not
100% and is, in fact, least effective in those at highest risk,
namely young children, the elderly, and the immunosup-
pressed.! This has spurred research into new influenza vac-
cines and technologies, such as live-attenuated influenza
vaccines (LAIVs), vaccine adjuvants, and other vaccine
candidates still being developed, to protect those at greatest
risk.2*2! Because of the immense clinical importance of this
virus as well as the ever-changing nature of treatment and
prevention of this disease, it is imperative for health care
professionals to be well-versed in the topic of influenza
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FIGURE 1. Structure of the influenza virus. The 8 gene segments are contained within a viral
envelope with hemagglutinin (HA) and neuraminidase (NA) forming most of the antigenic determi-
nants. The portion of the matrix 2 (M2) protein that is outside the viral envelope is antigenic. PA =

polymerase acidic; PB = polymerase basic.
From Science,?® with permission.

vaccination so as to be able to identify those who could
benefit from vaccination as well as to educate themselves
and their patients.

VIROLOGY

Influenza is an enveloped, single-stranded, negative-sense
RNA virus in the Orthomyxoviridae family of viruses. In-
fluenza is divided into 3 major types: A, B, and C. Influ-
enza A viruses infect a wide variety of animals, including
humans, birds, pigs, horses, and many others, although the
tropism of any particular influenza virus is generally highly
adapted to a particular host. Influenza B viruses infect a
smaller number of species, namely humans and seals, and
are a substantial cause of annual influenza epidemics. Most
human influenza infections are caused by influenza A or B;
influenza C viruses, which infect humans and pigs, rarely
account for human infections and epidemics.*

The influenza genome is segmented. Influenza A and B
viruses have 8 segments in their genome, and influenza C
viruses have 7. The major influenza types also differ in that
influenza A and B viruses express hemagglutinin (HA) and

neuraminidase (NA) as surface antigens, whereas influenza
C viruses express an HA-esterase-fusion protein on their
surface.?? Because influenza A and B are the cause of most
epidemics and are the intended targets of seasonal influ-
enza vaccination, the following discussion on virology will
focus on these 2 virus types.

The 11 proteins of influenza A and B are encoded by 8
gene segments. Hemagglutinin and NA are expressed on
the surface of the virus and are required for entry and exit,
respectively, from the host cell (Figure 1).% Influenza A
viruses are subtyped on the basis of the major subtype of
HA and NA expressed (eg, H3N2, HIN1). Matrix 2 (M2)
protein is a transmembrane ion channel that acidifies the
viral interior to allow for replication. Polymerase basic
(PB) protein 1, PB protein 1-F2, PB protein 2, and poly-
merase acidic protein form influenza RNA polymerase.
Like all RNA viruses, influenza RNA polymerase lacks a
proofreading mechanism, resulting in frequent mutations
in these genes and, consequently, a constantly changing
antigenic appearance. Nucleoprotein combines with the 3
polymerase proteins to form ribonucleoprotein complexes
that are transported to the nucleus by the M1 protein. Non-
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structural proteins 1 and 2 are involved in expression of vi-
ral proteins and viral replication, respectively.”>** Influenza
viruses can undergo reassortment of these gene segments;
ie, 2 or more influenza viruses infecting the same cell can
exchange gene segments, thus creating a new hybrid virus
with gene segments derived from the parent viruses.

MAJOR IMMUNOGENIC PROTEINS

Hemagglutinin is a glycopeptide expressed on the surface
of influenza viruses that facilitates entry of the virus into
host cells.” It is so named because of its property of agglu-
tinating red blood cells. The tropism of an influenza virus
to a specific host is, in large part, mediated by HA.?*?" Ti-
ters of host antibodies directed against HA, as measured by
a hemagglutination inhibition assay (HAI), represent most
neutralizing antibodies directed against influenza and have
correlated with protection from viral challenge.?®* Across
viruses affecting different host species, 16 major HA sub-
types of influenza A have been identified.*

Neuraminidase is an influenza surface glycopeptide
that is responsible for release of viral progeny from an in-
fected cell.”? Nine major NA subtypes of influenza A have
been identified. Unlike antibodies directed against HA,
NA-specific antibodies alone are not sufficient to prevent
infection but may be able to mitigate the severity and dura-
tion of disease.’’* During the 1968 Hong Kong influenza
pandemic, vaccine directed at an H2N2 virus had 54% effi-
cacy against the pandemic H3N2 strain, suggesting partial
protection conferred by antibodies directed against NA.**
Neuraminidase is also the target for the NA-inhibitor (NI)
class of antivirals (eg, oseltamivir and zanamivir).

The M2 protein is a transmembrane proton channel
protein responsible for acidifying the virion to allow rep-
lication.* Although only a few of the antibodies generated
after influenza infection are directed against M2, these an-
tibodies have been shown to be protective in animal stud-
ies.**0 Because M2 sequences have been highly conserved
among disparate influenza strains during the past century,
even pandemic strains, the M2 protein is being investi-
gated as a target for a potential “universal” influenza vac-
cine.?'* The M2 protein of influenza A is also the target
of the adamantane class of antivirals (eg, amantadine and
rimantadine).

ANTIVIRAL DRUGS

Two classes of antiviral medications are currently used to
treat and prevent influenza infections, the adamantanes and
NIs.* The adamantanes amantadine and rimantadine act on
the M2 protein of influenza A, although a single mutation
at amino acid 31 in the matrix gene renders high-level re-

INFLUENZA VACCINES

sistance to these medications.?” The adamantanes are not
effective against influenza B, and the development of wide-
spread adamantane resistance in seasonal H3N2 (99%) and
seasonal HIN1 (10%) strains during the 2008-2009 season
has limited their utility.! Two NIs are available for treat-
ment of influenza A and B infections: oseltamivir (oral)
and zanamivir (inhaled). Oseltamivir-resistant viruses have
recently increased in circulation, especially among season-
al HIN1 strains (99%).**%° Mutation at amino acid 274 is
most commonly associated with NI resistance, but muta-
tions at amino acids 292 and 294 have also conferred resis-
tance.*® At this time, zanamivir-resistant viruses have not
emerged, and experimental methods to generate zanami-
vir-resistant influenza have not yielded viable viruses.**>
Thus, oseltamivir-resistant viruses have remained sensitive
to zanamivir.

When the strain type is unknown and both novel HIN1
and seasonal influenza are circulating, empiric treatment
with either zanamivir alone or oseltamivir in combination
with rimantadine should be used for infected patients at
high risk of complications and for low-risk patients who
present within 48 hours of symptom onset.*® Influenza B
infections can be treated with oseltamivir or zanamivir. In-
fluenza A (seasonal HINT) infections can be treated with
either rimantadine or zanamivir, and influenza A (H3N2)
infections can be treated with oseltamivir or zanamivir.
Early in the current influenza pandemic, most isolates of
novel influenza HIN1 have been resistant to the adaman-
tanes but have, with rare exception, remained susceptible
to oseltamivir, and treatment with oseltamivir or zanamivir
is recommended.’!5? Some concerns have been published
regarding the development of antiviral resistance with
monotherapy.*® In adults, the use of NIs has been shown to
reduce influenza symptoms by approximately 1 day as well
as influenza-related complications and hospitalizations.>*>’
Studies of NIs in children have shown a reduction in in-
fluenza symptoms by approximately 1.25 days as well as a
reduction in influenza complications and subsequent phy-
sician visits.®! Given the rapidly evolving nature of anti-
viral resistance, updated recommendations, such as those
by the Infectious Diseases Society of America, the Centers
for Disease Control and Prevention (CDC), and the Ameri-
can Academy of Pediatrics, should be consulted when de-
ciding on treatment or chemoprophylaxis for patients.**>

EPIDEMIOLOGY

AnTiGeENic EvoLuTioN oF VIRus

Circulating influenza viruses are constantly mutating. Mi-
nor antigenic changes due to random mutational events,
called antigenic drift, are responsible for annual influenza
epidemics. The changes to HA and NA that occur help
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the virus evade the immune response generated in a host
population through prior infection or vaccination. Much
less frequently, but with much more dire consequences, a
circulating strain of influenza will develop with a new ma-
jor antigenic type of HA or NA to which the population
has no prior exposure (Figure 2). These antigenic shifts are
responsible for influenza pandemics, characterized by in-
fection so widespread as to cause societal disruption and
global mortality often measured in the millions. Antigenic
shifts can occur as a result of direct mutational changes of
a zoonotic influenza to produce efficient human-to-human
transmission. Such a mutational change likely occurred
during the 1918 “Spanish Flu” pandemic; evidence sug-
gests that a highly pathogenic avian influenza HIN1 virus
acquired mutations to easily infect humans.’*% Alterna-
tively, antigenic shifts can occur by reassortment, where-
by 2 influenza viruses of different host tropism infect a
common host cell and lead to the creation of an influenza
virus with the antigenic determinants of one influenza vi-
rus and the host tropism and pathogenicity of another. An
example of this is the 1968 “Hong Kong Flu,” in which a
human H3N2 influenza virus emerged after reassortment
of a human H2N?2 virus and an avian H3N2 virus, likely in
a common swine host.®*$’ The gene segments of the current
novel HIN1 pandemic implicate reassortment of human,
swine, and avian viruses as the source of this pandemic
strain.®®

The World Health Organization (WHO) developed the
Global Influenza Surveillance Network (GISN) in 1947
to track the development and migration of influenza drift
mutants for the purpose of vaccine strain selection.® The
network consists of 125 centers in 96 countries and con-
tinues to grow in order to broaden its reach and increase
the depth of its global surveillance.” The local centers
collect samples of circulating viruses and send them to
1 of 4 WHO Collaborating Centers for Reference and Re-
search on Influenza (located in Atlanta, United States; Lon-
don, United Kingdom; Melbourne, Australia; and Tokyo,
Japan).

Once received at one of the collaborating centers, HAI
testing is performed on the virus using antisera generated
against it and similar strains. Comparing the HAI titers of
the virus with respect to different antisera allows the an-
tigenic similarity of the virus to other strains to be deter-
mined.”” Hemagglutination inhibition assay data from the
4 collaborating centers are sent to the Centre for Pathogen
Evolution at the University of Cambridge for antigenic
mapping. Antigenic mapping allows for a quantitative
method as well as a visual depiction of antigenic similar-
ity of an influenza strain to other strains.”’ The antigenic
distance on the map between 2 strains is determined by
the logarithm of the HAI of one virus strain using the an-

tisera of the other strain. Data for the antigenic map for
influenza A (H3N2) are available from the time of its emer-
gence during the Hong Kong flu pandemic in 1968.”" After
a new viral strain has been identified, it is named using
the convention of influenza type, geographic origin, strain
number, year of isolation, and viral subtype, as for example
A/New Caledonia/20/1999 (HINT1), A/Wisconsin/67/2005
(H3N2), B/Malaysia/2506/2004, or A/Vietnam/1203/2004
(H5N1).

Sampling by the WHO GISN has been able to describe
the antigenic evolution of circulating strains of influenza
viruses throughout the world; however, it is important to
emphasize the constant genetic evolution of influenza vi-
ruses even in small geographic areas during short periods.
Because of the lack of proofreading of the influenza RNA
polymerase, periods of increased influenza activity also
mean periods of increased influenza genetic diversity. Al-
though these drift mutants are often shown to be antigeni-
cally similar to the major circulating strain using conven-
tional HAI methods, numerous subpopulations exist with
slight antigenic variation. An Austrian study performed
RNA sequencing and HAI assays on influenza viruses re-
covered from Fall 2002 through Spring 2005 and found that
the minor cocirculating drift variants discovered by sequenc-
ing were genetically and antigenically similar to the major
circulating strain of the following influenza season.” This
underscores the importance of the minor drift variants that
emerge during influenza outbreaks and the need to continue
to evolve our strategies for viral surveillance.

GroBAL MiGraTION OF INFLUENZA VIRUSES

Several mechanisms have been postulated to explain how
a particular influenza strain spreads across the world and
becomes the dominant circulating strain.”” Some mecha-
nisms, such as seasonal migration between hemispheres
and emergence from a common geographic area, are con-
sidered major mechanisms and others, such as low-level
persistence of virus circulating within particular locales,
are considered minor.”® Seasonal migration and emer-
gence from a common geographic area are supported by
studies such as those by Nelson et al,”? in which phyloge-
netic analysis was performed on all influenza A (H3N2)
strains recovered from New York State, Australia, and
New Zealand in successive years. They found that strains
circulating in Australia and New Zealand were related to
strains previously circulating in New York State, and vice
versa, suggesting migration of influenza strains between
the northern and southern hemispheres during seasonal
changes, migration of strains originating and propagat-
ing from a common area, or a combination of the two. A
subsequent study by Russell et al”* performed antigenic
and phylogenetic analysis on influenza strains recovered
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The genetic change that enables a flu strain to jump from
one animal species to another, including humans, is called “ANTIGENIC SHIFT.”

Antigenic shift can happen in three ways:

The new strain
© without may further
undergoing evolve to spread
Bird influenza A strain| genetic change, i) | from person to
a bird strain of person. If so, a
influenza Acan | —~ flu pandemic
jump directly could arise.

from a duck

or other aquatic
bird to
humans.

antigen Human influenza A strain
%) A duck or other
G aquatic bird passes a bird
strain of influenza A to
Without an intermediate host
undergoing such as a chicken or pig.
genetic change,
a bird strain of
influenza A
can jump
directly from a A person passes a
duck or other m human strain of antigen antigen
aquatic bird to influenza A to the
an intermediate same chicken or pig. (Note that reassortment can
animal host and occur in a person who is infected with two flu strains.)

then to humans.
b When the viruses infect the same cell,

the genes from the bird strain mix

with genes from the human

strain to yield a new strain.

" Viral entry
intermediate host cell

Intermediiate

Link Studio for NIAID

Intermediate
host (pig)

FIGURE 2. How novel influenza strains are introduced into humans. HA = hemagglutinin; NA = neuraminidase.
From National Institute of Allergy and Infectious Diseases (NIAID) Web site.®®
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Worldwide Viral Surveillance

Selection
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FIGURE 3. Northern hemisphere influenza vaccine production time-
line. Global viral surveillance occurs year-round, which informs the
selection of the vaccine strains that occurs between January and
March of each year. Vaccine production begins in January and con-
tinues through July. Purification and testing start in June and con-
tinue through October. Single-dose syringes and multidose vial lots
are filled and packaged between July and December and are distrib-
uted between August and December for vaccination between late
September and the end of the influenza season (often in spring).

from around the world. By evaluating the chronological
and geographic appearance of particular influenza strains,
they found that most circulating influenza strains origi-
nate in East-Southeast Asia and then spread to Oceania,
Europe, and North America and then to South America.
Their data also suggest that influenza strains are able to
be maintained in the “East-Southeast Asian circulation
network” by migrating between countries in the region be-
fore spreading globally. Factors contributing to the mainte-
nance of influenza strains within the East-Southeast Asian
circulation network are temporal overlapping of influenza
outbreaks and substantial travel between countries in the
region.” Studies demonstrating that minor cocirculating
drift variants can become the major circulating strain in
subsequent years’ support local persistence of viral strains
as a mechanism contributing to the dominant circulating
strain; however, further evidence suggests that this is only a
minor mechanism.”'7375 Although phylogenetic analysis
of influenza A (H3N2) strains collected in New York State
from 1997 to 2005 found substantial local genetic diversity
generated within circulating influenza strains during peri-
ods of influenza activity as well as frequent reassortment
between viruses, the major contributor to genetic diversity
and subsequent dominant strains was found to be the intro-
duction of new strains, likely through migration of human
influenza viruses.’*"

VACCINE STRAIN SELECTION

How ARE VACCINE STRAINS SELECTED?

The WHO meets twice annually to review surveillance data
and make recommendations as to which strains should be
contained in the following season’s influenza vaccine;
recommendations for the northern hemisphere are made
in February, and recommendations for the southern hemi-
sphere are made in September each year. Two influenza
A strains (one H3N2 and one HIN1) and an influenza B
strain are recommended for vaccine inclusion after analy-
sis of WHO GISN data. Committee members involved in
vaccine composition recommendations include representa-
tives from the 4 Collaborating Centers for Reference and
Research on Influenza as well as representatives of several
key national laboratories.”

In the United States, the WHO recommendations are
considered, but the final vaccine composition recommen-
dations are made by an advisory committee to the Food
and Drug Administration (FDA). Several factors are taken
into consideration when making recommendations regard-
ing influenza vaccine composition: (1) predictions of what
viral strains are likely to cause the following season’s in-
fluenza epidemics on the basis of worldwide surveillance
data, (2) the antigenic similarity of a chosen vaccine strain
to the predicted circulating strain, (3) the immunogenicity
of a selected strain to develop adequate humoral immunity,
and (4) the suitability of a viral strain for use in vaccine
production (eg, does it grow to high viral titer in eggs?).”’
The strain recommendations are based on data from the
CDC, the US Department of Defense, and vaccine manu-
facturers. The FDA recommendations for vaccine compo-
sition are often identical to the WHO recommendations,
but this is not always the case.

How WELL ARe VAcCINE STRAINS IVIATCHED TO

CircuLATING VIRUS?

The rigorous process of vaccine candidate selection is im-
portant because the effectiveness of the vaccine can be re-
duced if the vaccine components are not well matched to
the circulating strains.!*# The process of vaccine produc-
tion takes 6 to 8 months from the time of candidate strain
recommendation to actual production and delivery (Figure
3), permitting time for substantial changes to the antigenic
appearance of the predominant circulating strains. How well
the influenza vaccine will work in a particular season can
be predicted by the antigenic distance between the vaccine
candidate and the circulating strain. Antigenic distance is de-
termined using the HAI titer of the circulating strain in the
presence of antisera to the vaccine candidate. An antigenic
distance of 2 units (4-fold change in HAIT titer) is considered
to be a substantial antigenic difference and suggests a sub-
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optimal match between vaccine candidate and circulating
strain.”* The pattern of antigenic changes in the predominant
strain has been such that generally only minor changes occur
from year to year, with relatively abrupt changes occurring
sporadically.”' In most years, the vaccine candidates are an-
tigenically very similar to the circulating strains even though
antigenic drift had undoubtedly occurred in the circulating
strains. An unanticipated large change in the antigenic ap-
pearance of circulating strains results in a poor match and
a less effective influenza vaccine. For example, during the
2007-2008 influenza season, an A/Wisconsin/67/2005
(H3N2)-like virus was recommended for the vaccine but
an A/Brisbane (H3N2)-like virus became the predominant
circulating strain.®> In years when the vaccine candidates are
not well matched to the circulating strains, enough antigenic
similarity generally still exists to confer some benefit, espe-
cially in preventing severe outcomes.!-78:80.8186

VACCINE MANUFACTURE

After the 3 strains are selected for influenza vaccine inclu-
sion by the FDA, the CDC provides reference viral seed
strains to the FDA, which subsequently distributes these vi-
ruses to the vaccine manufacturers. For trivalent inactivated
vaccine (TIV), the vaccine strains are grown separately in
embryonated chicken eggs and then harvested. After be-
ing harvested, the viruses are inactivated with formalin,
and the HA and NA subunits are released by disrupting
the lipid envelope to produce split-virion vaccine. The 3
vaccine strains are then combined and packaged as single-
dose syringes or multidose vials with 15 ug of each of the
3 subunits contained in each dose of vaccine.*” The amount
of virus produced in each embryonated chicken egg is de-
pendent on the growth characteristics of the reference virus
strains. On average, approximately one egg is required to
produce one dose of one vaccine strain.

Live-attenuated influenza vaccine is produced by reas-
sortment of each of 3 reference strains with a cold-adapted
vaccine strain such that the resultant viruses have the HA
and NA genes of the reference strain and the 6 internal
genes of the cold-adapted strain. The cold-adapted strain
was originally created by passaging influenza A/Ann Ar-
bor/6/1960 at successively lower temperatures until a mu-
tated strain emerged that was cold adapted, temperature
sensitive, and attenuated (grows at 25°C, not at core body
temperatures, and does not produce systemic symptoms of
influenza disease).?’%® The 3 reassortant cold-adapted influ-
enza vaccine strains each season are grown in embryonated
chicken eggs, harvested, and then combined to create LAIV
doses.

Each lot of TIV and LAIV is evaluated by the FDA be-
fore delivery, which generally begins in September each

INFLUENZA VACCINES

TABLE 1. Populations Recommended for
Annual Seasonal Influenza Vaccination

Children aged 6 mo to 18 y

Increased focus on those aged 6 mo to 4 y

Children receiving long-term aspirin therapy

People 250 y

Women who will be pregnant during influenza season

People who have chronic pulmonary (including asthma), cardiovascular
(except hypertension), renal, hepatic, cognitive,
neurologic/neuromuscular, hematologic, or metabolic disorders
(including diabetes mellitus)

People whose immunity is suppressed because of either disease or
medication

Health care professionals

Residents of nursing homes and other long-term care facilities

People with neurologic conditions that compromise handling of
respiratory secretions

Household contacts and caregivers of children aged <5 y and adults >50 y

Particular emphasis on vaccinating contacts of children aged <6 mo

Household contacts and caregivers of people with medical conditions
that put them at higher risk of severe complications from influenza

Anyone without contraindications who wants to receive the vaccine

Adapted from reference 1.

year with most doses delivered by October. Highly pub-
licized influenza vaccine shortages have occurred, under-
scoring the need to develop new production technologies
as well as to work with manufacturers to ensure a stable
vaccine production capacity.?* Previous shortages have
resulted from contamination of embryonated eggs, under-
estimation of vaccine demand, reduction in numbers of
vaccine manufacturers, and influenza outbreaks that oc-
cur earlier than anticipated, among others. Strategies for
addressing some of these issues have been proposed.’ A
more in-depth discussion of new technologies that may
mitigate some of these problems is beyond the scope of
this review but has been published elsewhere.?!

INDICATIONS

The Advisory Committee on Immunization Practices (ACIP)
of the CDC annually updates its recommendations for sea-
sonal influenza vaccination. The current recommendations
for seasonal influenza vaccination are summarized in Table
1 and those for the HIN1 influenza vaccination in Table 2.
Trivalent inactivated vaccine and LAIV are contraindicated
in persons with anaphylactic egg allergy, and the risks and
benefits must be weighed with caution before administra-
tion of influenza vaccine to an individual with a history
of Guillain-Barré Syndrome (GBS) developing within 6
weeks after influenza vaccine receipt; LAIV has similar
contraindications and has been licensed by the FDA only
for use in nonpregnant persons aged 2 to 49 years who have
no risk factors for increased morbidity from influenza.'
Seasonal influenza dosing recommendations are summa-
rized in Table 3.
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TABLE 2. Populations Recommended for 2009-2010
Pandemic HA1N1 Influenza Vaccination

Initial target groups
Pregnant women
People who live with or provide care for infants <6 mo
Health care and emergency medical services personnel
Children and young adults aged 6 mo to 24 y
People aged 25-64 y with medical conditions that put them at higher
risk of severe complications from influenza
Priority target groups if vaccine availability is insufficient to meet demand
of initial target groups
Pregnant women
People who live with or provide care for infants <6 mo
Health care and emergency medical services personnel with direct
patient contact
Children aged 6-59 mo
Children and adolescents aged 5-18 y with medical conditions that
put them at higher risk of severe complications from influenza

Adapted from reference 90.

EFFICACY AND EFFECTIVENESS

Studies evaluating the degree of protection conferred by
influenza vaccines generally relate their results in terms of
efficacy or effectiveness; the distinction between the two
terms is subtle but very important. Efficacy refers to the
reduction in culture-confirmed influenza illness, whereas
effectiveness refers to the reduction in other secondary end
points, such as influenza-like illness, pneumonia, hospi-
talization, and mortality. The efficacy and effectiveness of
an influenza vaccine are dependent on host factors such as
age, underlying comorbid conditions, and immune compe-
tence, as well as vaccine factors such as the type of vaccine

(TTV vs LAIV) and the degree of antigenic match between
the vaccine strains and circulating strains. Serologic data
suggest that the timing of vaccination is also important be-
cause protective antibody levels are generally not devel-
oped until 2 weeks after vaccination.”>**

HeaLTHY AbuLTs

In adults younger than 65 years who have no substantial
medical comorbid conditions, influenza vaccination is high-
ly effective and efficacious."”* During years when the influ-
enza vaccine is well matched to the circulating strains, TIV
is efficacious in preventing 70% to 90% of culture-confirmed
influenza illness; efficacy is reduced to 50% to 80% or low-
er in years when the vaccine is not well matched.!7*81:95-%
Meta-analyses have found the effectiveness of TIV against
influenza-like illnesses to be 16% to 42%.%%*° The benefit of
influenza vaccination of healthy adults is best demonstrated
by the effectiveness of TIV in reducing hospitalization by
90%, upper respiratory infections by 25%, physician visits
by 44%, and sick days off of work by 43%.5%

In a year of poor antigenic match, a randomized study
found that LAIV was still effective in reducing febrile up-
per respiratory illnesses by 17%, days of work missed by
16%, and physician visits by 17%.% Studies directly com-
paring the efficacy of LAIV to TIV in healthy adults have
not shown a clear advantage of one vaccine over the other
in this population and at times have had conflicting re-
sults,!:2081.94.97.98.100-103 A rapndomized trial in healthy volun-
teers during a year of poor vaccine match found an efficacy
of 77% for TIV and of 57% for LAIV; however, the risk

TABLE 3. Seasonal Influenza Vaccine Dosing?
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Trade name Manufacturer Type Dose? Route
Fluzone Sanofi pasteur TIV 6-35 mo 0.25 mL; prefilled syringe Intramuscular®
236 mo 0.5 mL; prefilled syringe Intramuscular®
0.5 mL; single-dose vial Intramuscular®

>6 mo Dose per age as above;

multidose vial Intramuscular®
FLUVIRIN Novartis Vaccines TIV >4y 0.5 mL; multidose vial Intramuscular®
0.5 mL; prefilled syringe Intramuscular®
FLUARIX GlaxoSmithKline TIV 218y 0.5 mL; prefilled syringe Intramuscular®
FluLaval GlaxoSmithKline TIV 218y 0.5 mL; multidose vial Intramuscular®
Afluria CSL TIV 218y 0.5 mL; prefilled syringe Intramuscular®
0.5 mL; multidose vial Intramuscular®

FluMist¢ MedImmune LAIV 2-49y 0.2 mL; spray half of the dose Intranasal

into each nostril

A LAIV = live-attenuated influenza vaccine; TIV = trivalent inactivated vaccine.

b Children aged 6 mo to 8 y receiving influenza vaccination for the first time should receive 2 doses, 4 weeks apart.

¢ Children aged 6 mo to 2 y should be vaccinated in the anterolateral aspect of the thigh. Children >2 y and adults
should be vaccinated in the deltoid muscle if muscle mass is sufficient.

4 Live-attenuated influenza vaccine is approved only for people aged 2-49 y who are not pregnant and who do not have
substantial medical comorbid conditions.

Adapted from reference 91.
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difference of 46% (95% confidence interval [CI], -44%
to 82%) was not statistically significant.®! A population-
based, cohort study of more than a million military person-
nel during 3 influenza seasons found a significant increase
in effectiveness in clinically diagnosed pneumonia or influ-
enza for those receiving TIV rather than LAIV (reduction
in incidence, 19.8 per 1000 person-years; P<.001) in 1 year
of the study.'™ A subsequent retrospective cohort study of
military personnel during 2 influenza seasons found con-
flicting results. Nonrecruits had greater protection from
TIV than from LAIV, with an adjusted incidence rate ra-
tio of 1.17 (95% CI, 1.14-1.20) during the first season and
1.33 (95% CI, 1.30-1.36) during the second season. How-
ever, Army and Air Force recruits had greater protection
from LAIV than TIV; among LAIV vs TIV recipients, ad-
justed incidence rates of influenza-like illness were 22% to
51% lower during the first year of the study and 8% to 47%
lower during the second year.'® These conflicting results
may be secondary to confounding by differences in age,
prior vaccination, and circulating antibody levels.

OLbER ADULTS

The burden of influenza morbidity and mortality is most
evident in the elderly population, and people older than 65
years are least likely to mount a protective immunologic
response to influenza vaccine."* The degree of protection
afforded by influenza vaccination in elderly people has
recently been readdressed in the literature. A randomized
trial of people older than 60 years who had no substantial
medical comorbid conditions found that those receiving
TIV had a 47% lower risk of developing clinical influenza
infection and a 58% lower risk of having serologic evi-
dence of influenza infection compared with those receiving
placebo.!'™ However, cohort studies have found the vaccine
to be substantially less effective in protecting elderly nurs-
ing home residents from respiratory infections; effective-
ness rates range from 20% to 40% in years of good anti-
genic match, whereas no appreciable protection is afforded
in years of poor antigenic match."1%-1% Some have argued
that the evidence of protection derived from these cohort
studies was subject to selection bias.'®!'? Jackson et al''
conducted a cohort study in which vaccinated elderly nurs-
ing home residents had a 39% lower relative risk of death
during the period before influenza season, suggesting that
healthier elderly people were more likely to be vaccinated.
A subsequent cohort study of community-dwelling adults
older than 65 years including more than 700,000 person-
seasons of observation found a 27% reduction in risk of
hospitalization due to pneumonia or influenza and a 48%
reduction in risk of death among those receiving TIV.!!!
Analysis of data during periods outside of influenza sea-
son found no evidence of selection bias toward healthier

INFLUENZA VACCINES

people receiving vaccines. The limited data on the efficacy
of LAIV in elderly people have not shown any benefit in
this population, and it is currently not recommended for
those aged 50 years and older."''%!1?

CHILDREN

Although children younger than 5 years account for fewer
than 100 of the approximate 36,000 annual deaths in the
United States attributable to seasonal influenza, young
children have substantial morbidity related to the infection,
with those younger than 5 years having a 0.6 to 1.5 per
1000 risk of hospitalization each year and those younger
than 5 months having a 2.3 to 4.5 per 1000 risk."* Influ-
enza-infected children also shed virus in greater quantity
and for longer duration than adults, permitting spread of
infection to others, including immunocompromised and el-
derly people. Influenza vaccination is able to reduce viral
shedding in children who become infected and thereby to
reduce influenza transmission.''>!"? As a result of immuno-
logic naivety to influenza antigens, children younger than 9
years should receive 2 doses of influenza vaccine, 1 month
apart, during the first year of vaccination to have adequate
protection. 120121

Meta-analyses have found the efficacy against con-
firmed disease in healthy children to be 59% to 65% for
TIV and 72% to 82% for LAIV; the efficacy increases
with increasing age and decreases during years of poor
antigenic match.”*>!2212 Current data suggest that LAIV
has superior efficacy to TIV in healthy children, at least
in seasons in which the match between the circulating
virus and the vaccine virus is poor.”* Randomized trials
directly comparing the efficacy of TIV and LAIV have
demonstrated an advantage to LAIV compared with TIV.
A randomized trial by Ashkenazi et al'** of more than
2000 children found a 50% relative reduction in culture-
confirmed influenza infection in those receiving LAIV vs
those receiving TIV. Belshe et al'® found a similar 55%
relative reduction in risk of laboratory-confirmed influ-
enza in a randomized trial of more than 8000 children,
and Fleming et al'* found a 35% relative reduction in risk
of laboratory-confirmed disease among more than 2000
asthmatic children.'**'%

Vaccination of children has also been shown to decrease
the burden of disease in other children, household con-
tacts, and community-dwelling elderly.'”'3! A randomized
trial found that influenza vaccination of children in day-
care centers was able to reduce febrile respiratory illness
by 42% among unvaccinated household contacts and more
profoundly affected school-aged household contacts, with
an 80% reduction in febrile respiratory illnesses and great-
er than 70% reduction in days of school missed as well
as physician visits.'* Furthermore, a Russian study found
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that mass vaccination of children, with vaccine coverage of
57% of those aged 3 to 6 years and 72% of those aged 7 to
17 years, correlated with a 3.4-fold reduction of influenza-
like illnesses among unvaccinated, community-dwelling
elderly."!

SPECIAL POPULATIONS

HeaLTH CARE PROFESSIONALS

Health care professionals are in frequent contact with in-
fluenza and, because healthy adults often develop asymp-
tomatic influenza infection, unvaccinated health care pro-
fessionals can unknowingly spread the virus to the patients
under their care.'**!3* In settings of low health care profes-
sional influenza vaccination, influenza can be a substantial
cause of nosocomial pneumonia and can lead to outbreaks
with potentially devastating consequences in susceptible
hosts.'**7 Among health care professionals at the Univer-
sity of Virginia Health System, an increase in influenza
vaccination from 4% to 67% during the course of a de-
cade corresponded with a reduction in influenza infection
among health care professionals from 42% to 9% and a
reduction in the proportion of nosocomial influenza cases
from 32% to 3%."** A study of long-term care facilities in
Scotland that offer influenza vaccination for their health
care professionals vs those that do not found a 40% re-
duction in all-cause mortality among residents of the care
facilities in which vaccination was offered to health care
professionals (with 51% vaccine receipt in intervention
facilities compared with 5% in control facilities)."* For
health care professionals in contact with highly immuno-
compromised patients, TIV is preferred over LAIV if avail-
able, but LAIV is preferred over not receiving vaccine at
all.! Despite recommendations for vaccination since 1981,
influenza vaccine receipt among health care professionals
is around 44%, prompting calls for, and implementation
of, mandatory influenza vaccination for health care pro-
fessionals.!*14¢ Legislation has been passed in Alabama,
Arkansas, and Kentucky requiring influenza vaccination
for health care professionals in long-term care facilities.'"’
Several institutions, such as Virginia Mason Clinic and the
Barnes-Jewish Hospital System, have adopted mandatory
health care professional influenza vaccination policies
with superb results in uptake. Most recently, New York
State joined California by passing legislation requiring
health care professionals to receive influenza vaccine an-
nually.'” Because of vaccine shortages, this will likely
not be implemented until the 2010-2011 season. In early
October 2009, the Infectious Diseases Society of Ameri-
ca released their clinical standard that both seasonal and
pandemic HINT1 influenza vaccines be mandatory for all
health care professionals.'*

PrReGNANT WOMEN

Pregnant women are at increased risk of complications
from influenza infection, including hospitalization for acute
cardiopulmonary disease at a rate similar to that of people
with chronic medical conditions, as well as fetal malforma-
tion.!*-153 Furthermore, infants younger than 6 months are
at increased risk of complications from infection and rely
on maternal antibodies for protection. Vaccination with
TIV has been shown to be safe and effective for pregnant
women, prompting the CDC and the American College of
Obstetricians and Gynecologists to recommend annual in-
fluenza vaccination for all women who will be pregnant
during the influenza season."!** A randomized controlled
trial found an efficacy of 36% in preventing laboratory-
confirmed influenza disease in the pregnant mother and an
efficacy of 63% in preventing laboratory-confirmed influ-
enza in her infants up to the age of 6 months.'>> Because
it is a live vaccine, LAIV is not recommended in women
known to be pregnant.'

ImmunocomPRromiseD HosTs
Patients with impaired immunity due to conditions such
as human immunodeficiency virus (HIV) infection, malig-
nancy, and organ transplant or those who require immuno-
suppressant medications are at increased risk of developing
complications from influenza infection."® Before the era
of highly active antiretroviral therapy, patients with AIDS
had an increased risk of death from respiratory infection
during influenza season compared with controls (0.94-1.26
per 1000 person-years vs 0.009-0.01 per 1000 person-years
for controls).”” Highly active antiretroviral therapy has re-
duced cardiopulmonary hospitalization rates by 53% and
deaths by 77%, but patients with chronic HIV infection are
still at higher risk of complications from influenza infection
than the general population.’*® Vaccination of HIV patients
with TIV has been found to be safe and does not affect CD4
count or progression to AIDS or death; accounts of low-level
and transient “blips” in viral load after vaccination have not
been associated with any observable consequences.'® Vac-
cination with TIV has also been shown to be efficacious: a
prospective cohort study of HIV patients found a reduction
of laboratory-confirmed influenza infection from 21.2% to
6.1% among vaccinated patients.'® A trial randomizing 102
HIV-positive patients to receive TIV or placebo found a 20%
absolute risk reduction in symptomatic respiratory infection
and a 100% reduction in laboratory-confirmed influenza in-
fection.'®" At this time, LAIV is not recommended for use in
HIV patients, although some studies have found LAIV to be
safe in HIV-infected adults and children, especially in those
with high CD4 counts, 162164

Cancer patients have high rates of influenza as a result
of the immunologic changes from the underlying malig-
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nancy, chemotherapy, or radiation.'>!% The case fatality
rate can be as high as 33% in those at highest risk, such
as those with hematologic malignancies undergoing che-
motherapy.'’” Efficacy studies are not available in this
population; however, antibody studies suggest that cancer
patients are able to mount an immune response to TIV, es-
pecially when it is given between rounds of chemotherapy,
although the response is lower than that of the general
population.'3¢!%81" Given the substantial consequences of
infection, the safety of TIV, and the likely benefit from im-
munization, ACIP has recommended that this population
receive annual influenza vaccination.'

Solid organ transplant recipients, especially lung trans-
plant recipients, are at increased risk of influenza infection
and its complications, including precipitation of allograft
rejection.'”>1” Effectiveness and efficacy data are also lack-
ing in this population; however, many studies have shown
that solid organ transplant recipients are able to mount an
immunologic response to vaccination, albeit one that is less
than that expected from the general population.'36-180-191

Vaccination with TIV is also recommended for those
receiving long-term immunosuppressive therapy (eg, long-
term systemic corticosteroid therapy).' Data regarding its
efficacy and effectiveness in patients taking immunosup-
pressants are difficult to generalize because the studies are
conducted on the basis of the underlying condition requir-
ing the immunosuppressant rather than the immunosup-
pressant itself. Nonetheless, conditions requiring long-term
corticosteroid therapy are associated with an increased risk
of influenza infection and complications, and TIV has been
shown to be safe and immunogenic in this population.'-'3

CHRonic PuLMoNARY Diseases
Influenza is known to precipitate chronic obstructive pul-
monary disease (COPD) exacerbations and accounts for
7.5% of hospital admissions for COPD.'**!** Influenza vac-
cination with TIV was shown to reduce hospitalization for
pneumonia and influenza by 48% and mortality by 30%
in elderly patients with COPD.'* A large Taiwanese study
found influenza vaccination to be associated with a 45%
reduction in mortality in patients with COPD.' Annual
vaccination is recommended for patients with COPD, but
only with TIV at this time. A study randomizing more than
2000 patients with COPD to receive TIV and LAIV or TIV
and placebo found LAIV to be safe in this population.!!'
Asthmatic children and adults also have a large burden
of influenza disease, which can result in hospitalization
and death.”'*¢!7 Vaccination with TIV has been found to
be safe in this population, specifically with regard to the
concern for the development of acute asthma exacerbation
after vaccination, and is recommended annually for those
with asthma, although no clear evidence supports its effica-
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cy. 198200 Because its safety in this population is uncertain,
LAIV is not currently recommended for use in people with
asthma; a randomized trial found an increase in clinically
relevant wheezing among those younger than 24 months in
the 24 hours after receiving LAIV, regardless of whether
they had asthma.'»

CHRoNIc HEART DISEASE

The exacerbation of underlying cardiac comorbid condi-
tions is a substantial contributor to overall influenza hos-
pitalization and death.*'” A study of nearly 35,000 people
who had died of acute myocardial infarction or chronic
ischemic heart disease found a 30% increased odds of
death from acute myocardial infarction and a 10% in-
creased odds of death from chronic ischemic heart disease
during the times of peak influenza season compared with
other times of the year.”' Influenza vaccination with TIV
has been found to be beneficial in this population and is
recommended by the ACIP.! A cohort study of more than
1300 community-dwelling elderly adults with coronary
artery disease or congestive heart failure found a 37% re-
duction in adjusted risk of winter mortality among those
receiving influenza vaccine, reducing the attributable risk
by 8.2 deaths per 1000 person-winters.'?

COMMON VACCINE MISPERCEPTIONS AND FEARS

Misperceptions regarding influenza vaccine, most often
concerning adverse effects and efficacy, are common rea-
sons why people recommended to receive vaccine forgo
immunization.?*?* As already discussed, influenza vac-
cination has clear efficacy in reducing the burden of dis-
ease. It is common to hear that people did not receive in-
fluenza vaccination because they or someone they know
“got the flu” from prior vaccination. The reason for this
misperception becomes clear when one takes into account
that influenza vaccination is given during the late fall and
winter when rhinoviruses and other respiratory viruses are
in high circulation. Because TIV used in the United States
is a subunit vaccine containing only inactivated antigenic
determinants without any viral genetic material or even
a complete set of viral particles, it is biologically impos-
sible for the vaccine to cause infection. Study after study
has confirmed that adults receiving TIV are no more like-
ly than those receiving placebo to have upper respiratory
illnesses after vaccination; in fact, the only consistent dif-
ference between the 2 groups in adults is that those receiv-
ing TIV are more likely to have soreness at the injection
site.1?8205207 Similar results have been seen with LAIV, in
which mild and transient rhinorrhea and low-grade fever
were more common in LAIV recipients than in those re-
CeiVing placebo'ZO,%,l25.208,209

Mayo Clin Proc. *» March 2010;85(3):257-273 » doi:10.4065/mcp.2009.0615 <+ www.mayoclinicproceedings.com 267

For personal use. Mass reproduce only with permission from Mayo Clinic Proceedings.



INFLUENZA VACCINES

The rate of GBS of 1 attributed case per 100,000 doses
after vaccination for swine flu in 1976-1977 has raised
concern regarding influenza vaccination among those with
a history of GBS.?!*2!? Subsequent studies of seasonal in-
fluenza vaccine have found little to no increase in the risk
of GBS after vaccination compared with baseline.*"* The
absolute risk of GBS after seasonal influenza vaccination
is very small, with studies unable to exclude an attributable
risk as high as 1 case per 1,000,000 doses.*'**'® However,
the risk of GBS in people with prior GBS is greater than
that in the general population and, as a precaution, the ACIP
has recommended that people who are not at high risk of
complications from influenza infection but who have had
GBS develop within 6 weeks after influenza vaccination
forgo influenza vaccination and consider antiviral prophy-
laxis instead.! For people who have a history of GBS after
influenza vaccination and are at high risk of influenza com-
plications, the risks and the benefits of influenza vaccina-
tion should be discussed in depth, especially because the
risk of GBS after influenza infection is greater than the risk
after influenza vaccination.'*"

The misperception of thimerosal being linked to neu-
rodevelopmental disorders has been widely publicized in
the lay press. Thimerosal is used as a preservative in mul-
tidose vials of TIV but is not present in single-dose vials
of TIV or in LAIV. Concerns of a link between thimerosal
and neurodevelopmental disorders have been exhaustively
studied and conclusively refuted.??>>** In fact, the initial
publication in Lancet that first raised the issue’” was dis-
covered to have been founded on falsified data created by
an investigator who was under the employ of an attorney
representing a family of a child with autism??; that paper
has been retracted by 10 of the 12 original authors.*”’

Some in the lay public have endorsed the notion of
children attaining immunity through natural infection by
wild-type viruses rather than through vaccination. Often
forgotten is the immense morbidity and mortality in chil-
dren caused by natural infections that have been nearly
eliminated through vaccination.® The case for vaccination
is especially important for influenza because children have
high annual attack rates with substantial morbidity, are in-
tegral to the transmission of virus to other highly suscep-
tible hosts, and are likely not protected by prior infection
because of the virus’s constant antigenic changes.!''*1?7-13!

Others have expressed concern that children are receiv-
ing too many vaccinations and that the number of antigens
to which they are exposed through immunization may
overwhelm or weaken the immune system. The immune
systems of infants, children, and adults are able to respond
to a vast number of antigens, and it has been estimated that
infants have the capacity to respond to 10,000 vaccines at
one time.”*® Furthermore, although the number of vaccina-

tions required for children has increased since 1960, the to-
tal number of antigens in the recommended childhood se-
ries has dramatically decreased from approximately 3200
in 1960 to approximately 125 in 2000.??® This has been ac-
complished through newer vaccine formulations, such as
acellular pertussis vaccine and split virion influenza vac-
cine, that have limited the vaccine components to the most
protective antigenic determinants. Children have shown the
ability to respond to multiple simultaneous vaccinations as
they would if the vaccinations were given independently,
negating the theoretical basis of alternative vaccination
schedules that have gained recent popularity.??®?* The idea
that vaccines weaken the immune system has been repeat-
edly disproven as vaccinated children are not more suscep-
tible to subsequent infections from other pathogens than
children who did not receive vaccine.??8230-232

Because children have substantial morbidity from influ-
enza infection, spread the infection to others, and receive
considerable protection from vaccination, it is imperative
that unfounded fears do not become barriers to vaccination
against influenza or other preventable diseases.”*

FUTURE DIRECTIONS

The current novel HIN1 influenza pandemic, as well as
the reduced efficacy of seasonal influenza vaccines in those
populations most at risk, has highlighted the need for con-
tinued development of new vaccines. New vaccine tech-
nologies, such as DNA vaccines, virus-like particles, and
vectored vaccines, as well as new adjuvant technologies,
hold promise to create influenza vaccines conferring better
protection. Research into highly conserved influenza an-
tigens, such as the M2 protein, may result in a universal
influenza vaccine, one that is even able to confer protection
against pandemic viruses. Furthermore, investigation into
mammalian cell culture technology promises to eliminate
the requirement for growth of vaccine virus in eggs, there-
by substantially reducing the time from strain identifica-
tion to vaccine production. Details of these and other future
directions of vaccine development are beyond the scope of
this review but have been reviewed elsewhere.!

CONCLUSION

Influenza remains a major contributor to morbidity and
mortality in the United States and worldwide both directly
and indirectly through exacerbation of underlying medi-
cal comorbid conditions. The development of vaccines
against seasonal and pandemic influenza requires careful
global surveillance as well as in-depth knowledge of virol-
ogy, epidemiology, and immunology. Vaccination remains
the most effective way to protect vulnerable populations
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from disease. It is important for health care professionals
to understand the basics of influenza vaccines, including
the facts regarding their efficacy and adverse effects, to bet-
ter inform their patients so that those at highest risk can
be protected. The current influenza pandemic with novel
HINT has raised the profile of influenza and influenza vac-
cines. We must capture this opportunity to educate the lay
public and health care professionals about the benefits of
seasonal influenza vaccination and to answer questions and
correct misconceptions.
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