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Abstract
Inactivated influenza virus vaccines are the primary modality used for prevention of influenza. A
system of annual identification of new strains causing illnesses, selections for vaccines, chick embryo
growth, inactivation, processing, packaging, distribution and usage has been in place for decades.
Current vaccines contain 15 µg of the HA of an A/H1N1, A/H3N2 and B strain and are given
parenterally to induce serum anti-HA antibody for prevention of subsequent infection and illness
from natural influenza. Reactogenicity is low and protection among healthy older children and adults
is good; protection levels are generally lower in young children and the elderly. Needs include
ensuring antigenic matches of vaccine and epidemic viruses each season, enhancing immunization
rates, and providing new and improved vaccines and immunization approaches for the varied
populations and circumstances globally.

1. Introduction
Inactivated influenza virus vaccines (IVV) were first used for preventing influenza in humans
over 60 years of age and are currently the principal modality used for that purpose. Shown in
Table 1 are some of the major events in the evolution of IVV since discovery of the influenza
virus. Notable are the facts that manufacturing methods and using 15 µg of the HA of each
virus component in the annual vaccine have not changed in more than 25 years. During that
period, the number of doses made and used annually has increased considerably. For many
years, manufacturers produced about 20 million doses annually for the USA; in 2007, the
number approached 120 million. While the committee for immunization practices in the USA
has been particularly aggressive in broadening the recommendations for immunization with
IVV, many other countries have also strengthened recommendations and increased usage.
Those population groups for whom immunization is currently recommended by public health
authorities in the USA are listed in Table 2 [1]. These groups are estimated to comprise about
80% of the US population. Immunization rates among each of these population groups are
variable; recent estimates in the USA are 65% of elderly persons, 26 to 46% of younger persons
with a high-risk condition, 13% of pregnant women, and 48% of infants [2]. This disparity
between recommendations and immunizations is also true for many other countries.
Considerable effort is needed before immunization rates will begin to approach immunization
recommendations.
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2. The System
Influenza viruses are continuously changing antigenically. Two subtypes of influenza A (H1N1
and H3N2) have been circulating in human populations for three to four decades. Minor
antigenic changes of circulating viruses (including influenza B) occur frequently (antigenic
drift). Highest protection is seen when there is an identical antigenic match of the vaccine and
epidemic virus HA and NA antigens. For this reason, vaccine strains are updated annually to
obtain antigenic matches between the vaccine viruses and the viruses producing the subsequent
epidemic. This match is achieved in many years; in many years, it is not.

Potential vaccine viruses for a coming season are derived from a continuous worldwide
surveillance for influenza viruses conducted by the World Health Organization (WHO). The
annual sequence of events leading to pre-epidemic immunizations is shown in Figure 1.
Separate recommendations are made annually by the WHO for the Northern Hemisphere and
the Southern Hemisphere. Many months are required for manufacturing and delivery to
vaccination sites. This requirement impairs selections for an antigenic match of vaccine and
epidemic virus; a shortening would improve the likelihood of a perfect match.

3. The Product
The WHO lists more than 30 manufacturers of influenza vaccine globally. Some prepare and
distribute whole virus vaccines but the largest quantity for the annual supply is prepared by
companies who only make split product or subunit vaccine. Chick embryos are used for virus
production; an inactivation process and a degree of purification for removing adventitial egg
and virion material are standard. These processes have considerably reduced the reactogenicity
of IVV.

A report of arm discomfort, usually mild and of short duration, occurs in 25 to 50% of
vaccinated persons given purified vaccine and some will have accompanying erythema and
swelling for one to three days. An occasional person will report systemic symptoms after
vaccination but frequencies with most vaccines are currently low. Whole virus vaccines are
probably more reactogenic than subunit vaccines, particularly among young children, although
this is not well documented for vaccines of similar HA content and purity.

4. Immune Responses
A recent example of serum hemagglutination-inhibition antibody (HAI) responses to the
vaccine virus among three major age groups is shown in Table 3. Responses are generally good
but are frequently lower among the elderly and young children. A number of variables affect
serum antibody responses including vaccine formulation, subject age, immunocompetence,
prior antigenic priming and assay method used. Considerable variation in test results occurs
between vaccines, years, different populations and laboratories; nevertheless, patterns of
responses tend to be similar.

There is no serum antibody level for a vaccine to induce that will ensure protective immunity
but regulatory authorities have established guidelines of response “acceptability.” Those most
commonly used are the European guidelines for response frequencies, mean response titers,
and percent ≥1:40 in serum HAI tests for adults and the elderly [3]. The basis for using HAI
results in this way comes from repeated demonstrations that the serum HAI titer correlates
inversely with frequency of influenza illnesses among vaccinated persons [4].

Limited assessments of T cell mediated immune (CMI) responses in humans have been made
but induction of CMI responses by IVV have been clearly documented and data supporting a
value for humans of these responses is emerging [5].
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5. Efficacy and Effectiveness
Protective efficacy of IVV against infection-proven illnesses has been confirmed in numerous
studies of both older and newer vaccines. Efficacy has varied between epidemics as determined
by antigenic match of vaccine and epidemic viruses, attack rate in the epidemic and methods
used for assessing protection. Studies in the American military over decades have regularly
confirmed protection by IVV [6]. These and similar studies in other healthy adult populations
are the source of the frequent statement that IVV prevents 70 to 90% of influenza-specific
illnesses when the vaccine and epidemic viral antigens match and that protection is lower when
there is a mismatch. Although induction of protection by IVV has been clearly documented
among vaccinated young children and the elderly, the level of protection tends to be lower than
among healthy adults [7–12]. This is considered to be at least partly because of lower immune
responses in these groups. The only randomized controlled study among older persons (≥60
years) reported a 33% reduction in influenza-like illness and a 56% reduction in serologically-
confirmed illness [8].

Effectiveness assessments for IVV employ database analyses of outcomes thought to be
attributable to influenza. These studies have regularly shown reductions among vaccinated
persons that include respiratory illness, absenteeism, physician visits due to respiratory illness,
hospitalizations for influenza-pneumonia and death. The level of protection induced by IVV
tends to be less than for studies of efficacy because other infections and other life events are
causing the same outcomes during the influenza epidemic period and IVV only prevents the
portion caused by an influenza virus. A recent controversy regarding mortality benefits of IVV
among the elderly has emerged where benefits for mortality reported in some effectiveness
studies is reportedly biased in favor of IVV because of exclusion of frail elderly [13]. Some
examples of both efficacy and effectiveness of IVV are shown in Table 4.

6. Problems and Prospects
There is a need to improve IVV and vaccinations. Some prospects for improvement are shown
in Table 5. Alternative substrates and methods of production may contribute to shortening the
time from strain selection to vaccine availability; they are not constrained by egg production
and availability. This will be true for cell culture and rDNA-produced vaccines which focus
on eliciting serum anti-HA antibody, the current required response from vaccination. While
HA peptide epitope and DNA vaccines have been developed to induce anti-HA responses,
none are currently slated for production on a global scale; however, each may be of value for
inducing alternative immune responses.

6.1 Immune Responses
The numerous and varied studies of influenza viruses, antigens and immune responses to
infection and vaccinations in animals and humans have provided an information base for
rational development of improved immune responses to improve protection against influenza.
While this is a need for some populations, particularly the elderly, improvement is desirable
for all persons. The varied, and sometimes low, efficacy from IVV indicates deficiencies in
current vaccines and their usage. The need for an antigenic match of vaccine and epidemic
strains has been noted earlier. Many other variables influence the degree of efficacy in a given
study, including the attack rate, clinical definition of influenza, and the varying sensitivity of
the methods used for identifying infection and illness.

Serum anti-HA antibody is the most consistent correlate of immunity to influenza; moreover,
available information indicates it is the primary mediator of immunity to infection [4]. While
there is no level of antibody that ensures protection, the higher the titer, the greater the
protection; therefore, improving the magnitude and duration of this response is desirable. It is
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established that increasing vaccine dosage increases the serum anti-HA antibody response.
While the current 15 µg per HA dosage induces responses in most persons, it has been shown
that further increases in dosage will induce further increases in responses; moreover, increases
have occurred without a significant increase in reactogenicity. A remarkable demonstration of
this was provided with a zonal centrifuged whole virus vaccine of an A/H2N2 strain 40 years
ago. An increase in antigen dosage from 300 to 4800 CCA1 in healthy primed adults increased
serum HAI antibody increases from seven to 35 fold [17]. Notable is that no plateau of the
antibody response was reached. A later study with a purified HA vaccine from an A/H1N1
virus given over a range of 15 to 405 µg of the HA found an increase of 16 to 35 fold in serum
HAI titers for subjects with a low prevaccination titer and 3 to 7 fold among those with high
pretiters [18]. Neutralizing antibody (neut) titers increased from 67 to 399 fold among those
with low and three to 16 fold among those with high pretiters. A plateau for serum HAI titer
occurred at about 1:250 but no plateau was seen in neut titers. The same vaccine given as 15
to 135 µg HA to elderly persons increased serum HAI titers 1.1 to 5.3 fold and neut titers 1.2
to 6.1 fold [19]. As noted recently, a Sigmoid curve with a plateau seems likely for serum anti-
HA responses to increasing dosages of HA; however, the variables that define the maximal
response plateau for different vaccines in different populations using different antibody test
procedures have not been identified [20]. While such data could aid our understanding, it is
more important to determine the consistency of increasing protection against influenza with
increasing anti-HA antibody titers. In an efficacy trial with an A/H3N2 zonal centrifuged
vaccine, an unprimed adult population developed a 14 fold increase in HAI titers from a 300
CCA dosage and a 25 fold increase from 3000 CCA. The 300 CCA vaccine prevented 24% of
cases of febrile respiratory illness during the subsequent epidemic while the 3000 CCA vaccine
prevented 71% [21,22].

An alternative to dosage for increasing serum anti-HA responses is use of adjuvants. Mineral
oil adjuvants were very well established as a means for increasing responses to vaccines in the
1950s and 1960s [23]. Usage ceased because of reactogenicity and concern for cancer
induction. Alum adjuvants have been variable in value but MF59 adjuvant has regularly
induced increases in antibody tiers and still newer adjuvants are promising [24].

While induction of serum anti-HA is the primary goal of vaccination with IVV, other modalities
for mediating immunity are desirable for induction and can increase the immunity to vaccine-
related strains as well as broaden the immunity to antigenic variants. These modalities include
optimizing anti-HA antibody in respiratory secretions by enhancing IgA antibody
concentrations, optimizing anti-NA antibody in serum and secretions, optimizing CMI, and
inducing anti-M2 antibody. All of these modalities have been shown to convey a degree of
immunity to influenza in animals or humans and M2 antibody and CMI are cross-reactive to
all type A and all type B virus strains.

6.2 Population-Specific Vaccinations
While better induction of immune responses than has occurred with current IVV is highly
desirable, a focus on improved delivery and population-specific vaccines is also highly
desirable. Parenteral delivery by needle and syringe is a significant impairment to increased
immunizations with IVV. Alternative methods for parenteral delivery such as new devices and
transdermal delivery could improve parenteral delivery. Adding intranasal or aerosol
administration could ensure optimal immune responses at the respiratory mucosal surface
where infection occurs: moreover, the route could provide the potential for full vaccination
without using the parenteral route. Surveys have indicated a preference by subjects for

1CCA = Chick cell agglutinating units, a standard used by the USA for quantitating antigen dosage. Distributed vaccines contained 200
to 400 CCA of each strain.
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intranasal immunization when both intranasal and parenteral immunizations were available.
Another potential mucosal route proposed recently is sublingual immunization [25].

Only one type of IVV and one dosage is manufactured annually with lower volumes
recommended for young children to avoid significant reactogenicity. This “one vaccine fits
all” is an outmoded concept. Better and more acceptable vaccines are needed for the very young
and the elderly. The addition of the live cold-adapted vaccine given by the nasal route represents
one alternative that should facilitate immunizations, particularly among children [26]. The
increasing population of frail elderly and immunocompromised persons in western societies
needs to be addressed with vaccine development. For each of these needs and opportunities,
IVV can theoretically provide a solution.

7. Comment
The two major obstacles that IVV face currently as an effective public health preventive are
the time required to select, manufacture and deliver vaccine annually and the variable annual
immunization rates; innovative solutions are required to correct these deficiencies. Fortunately,
the recent increase in population groups for whom vaccine is recommended, the increased
utilization and increased cost have served to reawaken industry to a potential for profit. The
record of product development of therapeutics by industry when a profit is to be made has been
impressive. As the cost of health care continues to escalate, it seems likely that governments
will provide incentives for the development and application of preventives. In this regard,
prevention of influenza by IVV has repeatedly been shown to be cost effective [9,27]. The goal
for influenza immunization is to reduce annual, seasonal influenza to a minor medical problem.
A parallel development of improved vaccines and vaccinations and increased immunization
rates is essential to ensure a successful public health policy.
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Figure 1.
Sequence of Annual Events for Inactivated Influenza Virus Vaccines
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Table 1
Major Events in the Evolution of Inactivated Influenza Virus Vaccines (IVV)

1935 Growth of virus in chick embryos

1937 Protection of ferrets with IVV

1943 Protection of humans with IVV

1945 Purification and concentration

1964 Virion lysis for reducing reactogenicity

1967 Purification by zonal centrifugation

1976 Extensive studies with Swine (H1N1) vaccines

1977 Standardization for µg of HA

1981 15 µg of each HA for inclusion

1980–2008 Broadening of recommendations and increased usage
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Table 2
Major Groups for Whom Annual Vaccination with Inactivated Influenza Virus Vaccine is Recommended (Adapted
from Ref. 1)

• Persons at increased risk for serious disease, hospitalization or death from influenza

 – The elderly (≥65 years)

 – The very young (6–23 months)

 – Those with a high risk disease or condition

• Age groups with an increased likelihood of a high risk disease (ages 50–64)

• Those with an increased need for medical care because of influenza (ages 2–5)

• Those who could transmit influenza to persons with increased risk

• Those with highest illness attack rates and who are thought to be major spreaders of influenza (ages 5–18)*

*
Recently added by the USA Committee on Immunization Practices
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Table 4
Efficacy and Effectiveness of Inactivated Influenza Virus Vaccines

Age Group Study Type (Ref) N Percent Reduction

Adults Efficacy (R,DB,PC)a (14) ~2000/yr (~80% adult) Culture pos illness

   A/H1N1 yrs 79,74

   A/H3N2 yrs 71,79

Seroconversion

   A/H1N1 yrs 55,79

   A/H3N2 yrs 71.75

Effectiveness (R,DB,PC)a (15) 849 URIb 25

URI Absenteeism 43

URI Physician Visits 44

Elderly Efficacy (R,PC)a (8) 1838 Influenza & Seroconversion 58

Effectiveness (database source)
(16)

713, 872 (person seasons
over 10 yrs)

P-I Hospitalizations 27

All Causes Deaths 48

Children Efficacyc (11) 1325 Influenza A or B infection or
illness

63

a
R = randomized, DB = double blind, PC = placebo controlled

b
URI = Upper respiratory illness

c
Mean of five studies for <9 years
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Table 5
Prospects for Improvement of Inactivated Influenza Virus Vaccines & Vaccinations

• Alternative Production Methods

 – Cell-culture based vaccines

 – rDNA-produced vaccines

 – Peptide epitope and DNA vaccines

• Increased Immune Responses (anti-HA)

 – Increased dosage

 – Adjuvant addition

 – Mucosal administration for increased antibody in secretions

• Broadened Immune Responses

 – Ensure anti-NA antibody (serum and secretions)

 – Ensure induction and maintenance of CMI

 – Induce anti-M2 antibody

• Improve acceptability/delivery

 – Intranasal/aerosol delivery

 – Transdermal, sublingual

 – Other methods

• Population-specific vaccines/regimens

 – The very young and elderly

 – The immunocompromised

 – Vaccine combined with other preventives
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