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ABSTRACT

Seasonal influenza is a prevalent and serious annual iliness resulting in widespread morbidity and economic
disruption throughout the population; the elderly and immunocompromised are particularly vulnerable to
serious sequelae and mortality. The changing demographics worldwide to an aging society have important
implications for public health policy and pharmaceutical innovations. For instance, primary prevention via
immunization is effective in reducing the burden of influenza illness among the elderly. However, the elderly
may be insufficiently protected by vaccination due to the immunosenescence which accompanies aging. In
addition, vaccine hesitancy among the younger populations increases the likelihood of circulating infectious
diseases, and thus concomitant exposure. While it is clear that the development of more immunogenic
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vaccines is an imperative and worthy endeavor, clinical trials continue to demonstrate that the current
influenza vaccine formulation remains highly effective in reducing morbidity and mortality when well

matched to circulating strains.

Introduction: Why is influenza immunization a critical
public health issue?

Influenza is an acute and highly contagious viral infection with
global circulation. The influenza “season” is a period of 8-10
weeks during which 80% of influenza outbreaks occur, with the
specific timeframe varying depending on region but typically
from late autumn to early spring in temperate areas of both
hemispheres.' These seasonal epidemics are caused by the patho-
gen’s frequent antigenic drifts, which also serve as the virological
driver for annual vaccine development and deployment.>

The influenza virus causes an acute febrile illness with a
severity that ranges from mild to extremely serious, in some
cases resulting in mortality. Seasonal influenza is typically char-
acterized by a sudden onset of fever, cough, headache, muscle
and joint pain, severe malaise and sore throat. Most people
recover from infection without sequelae within 1-2 weeks with-
out requiring special medical attention. During a typical influ-
enza season a high proportion of the population is estimated to
be clinically asymptomatic.* Those at highest risk for a clini-
cally serious course of infection are children under 5 y of age,
the elderly, pregnant women and persons with underlying
chronic medical conditions.” The morbidity accompanying
influenza is associated with concomitant increases in health
care utilization, such as outpatient medical visits, hospitaliza-
tion, and mortality, particularly among high-risk groups.

The World Health Organization (WHO) estimates that
influenza annually infects about 5-15% of the population. The
estimated annual global burden of influenza is nearly 1 billion
individuals infected, 3 to 5 million cases of severe disease, and

250 000 to 500 000 deaths. Most influenza-associated deaths in
developed countries occur among elderly persons 65 y of age or
older.® According to European Center for Disease Prevention
and Control (ECDC) data, seasonal influenza annually causes
40 to 50 million symptomatic cases in the European Union
(EU)/European Economic Area (EEA), and 15 000-70 000 per-
sons die of influenza sequelae.”

The primary goal of vaccination is the prevention of serious
infections, complications, hospitalizations, and deaths; this is
especially important among high risk groups such as the
elderly. Improved influenza vaccination coverage among the
general population will enhance the effectiveness of vaccination
by reducing circulating disease and thereby lessening the socio-
economic impact of infection. For decades, the majority of
developed countries have recommended influenza vaccination
for the elderly, and this recommendation is expanding to devel-
oping nations as well. Recently, however, this recommendation
has been criticized based on a perception of poor efficacy. With
this in mind, we review the data regarding morbidity and mor-
tality as well as vaccine effectiveness (a concept which differs
importantly from efficacy) and suggest that there continues to
be a solid rationale supporting vaccination for the elderly. We
also recognize that certain virological and biologic realities limit
the effectiveness of the vaccine, points which will be reviewed
here. Yet despite these limitations, development of a more
robust vaccine to better serve the elderly has important collat-
eral benefits for the population as a whole, and the endeavor
merits a rigorous attention to the science as well as the strate-
gies to promote and protect the public health.
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Burden of influenza in elderly (65+ years of age)

While influenza is highly infectious, the health impact of active
infection is not uniformly distributed. Various factors are
important, such as susceptibility to circulating virus, age, and
underlying medical conditions. For healthy adults, seasonal
influenza generally does not cause severe infection, but for the
elderly, infection is a serious health concern. The risk of influ-
enza-related mortality increases sharply after 65 y of age.>”'°

The higher prevalence of comorbidities among the elderly
increases the risk and severity of influenza in this age group.
While infection is generally surmountable among healthy
adults under 50 y of age, influenza remains an important cause
of outpatient medical visits and lost productivity. In the elderly,
complication rates are elevated and medical care, including
inpatient hospitalizations, are needed."!

The impact of influenza varies widely from year to year, and
the annual increase in hospitalizations and deaths observed
during winter influenza season is relatively predictable. How-
ever, it is difficult to attribute the specific burden of influenza
due to co-circulation of influenza viruses with other respiratory
pathogens (e.g. respiratory syncytial virus).'* Secondly, diagno-
sis is often based only on the clinical manifestation of influ-
enza-like illness but without specific laboratory confirmation."?

Despite these challenges, estimates of the burden of disease
among the elderly are important for developing effective influ-
enza vaccination strategies, preventive measures and clinical
treatments.'* A United States (US) Centers for Disease Control
and Prevention (CDC) analysis from 2010 estimated that influ-
enza-associated deaths among all age groups with underlying
respiratory and circulatory conditions (including pneumonia
and influenza infection) ranged from 3349 to 48 614 annually
during the seasonal influenza periods 1976-1977 to 2006-2007;
deaths attributable solely to pneumonia or influenza during the
same period were much lower (961 to 14 715). Among the
elderly (adults aged > 65 years), the estimated influenza-associ-
ated deaths with underlying respiratory and circulatory condi-
tions ranged from 2344 to 43 727 annually, while those
attributable solely to pneumonia or influenza were in the range
673 to 13 245 annually.

A cursory review of the US data illustrates the importance of
vigilance in protecting the elderly: during this period, deaths
among persons aged > 65 y accounted for 89.4% of the overall
estimated average annual influenza-associated deaths with
underlying respiratory and circulatory causes. This analysis
also indicated the variation in the estimated number of deaths
from season to season and its close relation to circulated influ-
enza virus."” The subsequent modeling analysis of population-
based surveillance data in the US covering seasons from the
2010-11 to the 2012-13 described poor detection of influenza-
related hospitalizations. The analysis estimated that 54-70% of
hospitalizations and 71-85% of deaths occurred among adults
aged > 65y.'

A study conducted in Israel evaluated age-specific mortality
during the influenza season from 1999-2006. Overall mortality
rates in this study ranged from 7.7 to 36.1 / 100 000 for all causes,
and from 4.4 to 24.4 /100 000 for respiratory and circulatory causes.
Influenza-associated deaths from respiratory and circulatory dis-
eases ranged from 280-1516 annually; importantly, about 90% of
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deaths were among persons 65 y or older while only about 1%
occurred among those younger than 50 y."”

Influenza - Health economics

In addition to health impact, the influenza has also an impor-
tant economic impact. Economic data are an essential part for
effective decision of policy makers but estimating the economic
impact of influenza is complicated. Direct (outpatient visit and
hospitalization costs, drug consumptions etc.) and indirect
costs (work absenteeism, productivity lost etc.) should be
included. Because of age and underlying medical conditions,
the elderly are in higher risk of influenza complications devel-
opment. Hand in hand, the high proportion of influenza related
costs could be found in older people. The study of annual
impact of seasonal influenza in the US based on 2003 US popu-
lation estimated average total economic burden $87.1 billion
and direct medical costs $10.4 billion. From point of view of
elderly people it was important that of the total economic bur-
den of influenza 64% was borne by people aged > 65 y.
Approximately 40% of direct medical costs were used on treat-
ment of elderly in this age group.'® The cost of influenza in
France was estimated to total €2.1 billion in 1989 and on the
basis of 1997 German Sickness Funds, the costs of influenza
were €1 billion."” The estimated costs of seasonal epidemics
from 1999-2008 in Italy ranged from €15 to €20 billion.*
Study from Norway assessed influenza seasons from 1998 to
2006. The direct medical cost of seasonal influenza achieved
US$22 million annually. Indirect costs significantly exceeded
direct costs. The annual estimated productivity loss was calcu-
lated to US$231 million. Self-reported sick leave accounted for
approximately one-third of the total indirect cost and repre-
sented important part of the economic burden.”'

The results of studies shew great economic burden of influ-
enza generally and in elderly especially.

Immunization could effectively reduce the annual economic
burden of influenza. Cost-effectiveness of vaccination programs
depends on a lot of variables. Vaccine strain, disease severity
level, matching of vaccine circulating strains, vaccine efficacy
etc. should be counted. Studies of economic evaluation of influ-
enza vaccination were conducted in different countries. There
are however remarkable differences in the methodologies for
estimating economic burden and costs and also outcome
varies.?>**?*2>2627 Generally, it could be stated that current
influenza vaccination programmes are able to reduce disease
burden and show cost-effectiveness for elderly aged > 65 y.
The savings created from reduced health care costs and indirect
savings can offset the cost of vaccination programmes.

Immune response to infection in the elderly

With advancing age, the innate and adaptive immune
responses gradually deteriorate, manifesting in a reduced
capacity to respond to infection and immunization. Vaccine
immunogenicity is defined as “the strength or magnitude of an
immune response.”*® Vaccine efficacy and effectiveness mea-
sure the proportionate reduction in cases among vaccinated
persons either under ideal or field conditions, respectively.*>*
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The elderly typically experience a vaccine-induced immunoge-
nicity of only 30-40%.>' Immunosenescence is increasingly
being viewed less as an overall deterioration in response but
rather a remodeling of the immune system which results in
dysregulation of various components; some functions deterio-
rate while others remain unchanged or overreact (as in autoim-
mune disorders).*?

Innate response

With aging, the initial innate response by neutrophils and mac-
rophages is marked by reduced phagocytic activity and a
diminished oxidative burst.*® Toll-like receptors (TLRs), trans-
membrane proteins on phagocytic cells, provide an important
conduit between the innate and adaptive responses by recog-
nizing non-self proteins and triggering the intracellular signal-
ing pathways which mediate the antigen-specific response.** In
the macrophages of elderly persons, defects in TLR expression
impair this critical response.’ Additionally, epithelial cells pro-
vide an important structural and immune barrier to pathogens,
however, the number of Langerhans’ cells in the skin declines
with age.’® Together, these age-related disruptions in the innate
immune response reduce the amount of antigen uptake at the
injection site and diminish vaccine immunogenicity.

Adaptive response

The adaptive response depends on the rapid recognition of for-
eign antigens and is mediated by antigen-presenting proteins
found in cell membranes, such as the major histocompatibility
complex (MHC) class I and II cells. The MHC class I com-
plexes in the membranes of nucleated cells interact with cyto-
toxic T cells; the MHC class II proteins in antigen-presenting
cells (e.g., B cells, macrophages and dendritic cells) primarily
interact with helper T cells. The MHC class II cells present anti-
gen fragments on the cell surface to CD4+ T lymphocytes, but
upregulation of these cells is impaired by aging. Both animal
models and human studies have demonstrated reductions in
antigen presentation by dendritic cells.””?%%4041:4243

Impact on vaccine efficacy

An efficient immune response depends on functional cell sig-
naling pathways to coordinate the complex interactions
between innate and adaptive immune systems. Impaired proc-
essing and presentation of antigens diminishes the immune
response in the elderly.** The cellular pathways disrupted by
aging include migration of antigen presenting cells, antigen
presentation by dendritic cells, and cytokine production.
Markers of poor antibody recruitment include decreased IgA
and IgG concentrations, delays in achieving peak titers, and a
rapid decline in antibody concentrations. Among those aged >
75 years, influenza seroprotection is only 29-46%, compared
with 41-58% among those 60-74 y of age.*> Additionally, a
shift from proinflammatory Thl cytokines to the more anti-
inflammatory Th2 cytokines may be correlated with reduced
cytotoxic T lymphocyte (CTL) response, and an impaired
response to influenza vaccine.** The reduced humoral
responses are believed to be due to the dysfunction of helper

naive, aged CD4" T cells*” and reduced follicular T cell
support.48

Although specific T cell responses are impaired in the
elderly, CTL recruitment may serve as a better proxy for pro-
tection against influenza than a simple measure of antibody
concentrations.*’

Immunization strategies around the world

Influenza is a vaccine-preventable disease. The first influenza
vaccines have been developed, tested and used in the 1930s
and 1940s, and in Europe since 1960s.°%"°>>* Vaccines are
registered and licensed for use in the elderly as trivalent or
quadrivalent, with and without adjuvant. Trivalent influenza
vaccines contain an A(HIN1)-like influenza virus, an A
(H3N2)-like influenza virus and a B-like influenza virus. The
MF59 adjuvanted trivalent inactivated influenza vaccine is
licensed for persons aged > 65 y of age. Quadrivalent vac-
cines include an additional vaccine virus strain, a B-like
virus. The World Health Organization (WHO) provides rec-
ommendations in February and September each year regard-
ing which viruses will be included in influenza vaccines for
the forthcoming northern and southern hemisphere influ-
enza seasons, respectively. No preferential recommendation
is made for one influenza vaccine product over another for
persons for whom more than one licensed. For persons aged
65 y and older any registered influenza vaccine, standard-
dose or high-dose, trivalent or quadrivalent, unadjuvanted or
adjuvanted could be used for immunization.”* Practically
speaking, however, not all registered influenza vaccines are
available every year; fluctuations in production and distribu-
tion often limit the options. The list of approved influenza
vaccines is shown in Table 1.

Notwithstanding the potential for supply issues, several vac-
cination strategies effectively prevent influenza when deployed
in a population-based manner. Generally, immunization pro-
grams first seek to protect the most vulnerable persons, older
adults and all persons (over 6 months of age) with a chronic
medical condition. The secondary strategy is to vaccinate
healthy children, adolescent and adults to limit disease circula-
tion. In addition, employers often encourage influenza immu-
nisation of their staff (for example health care workers and
military personnel). Additional high-risk groups, such as preg-
nant women, are added to the multi-pronged approach as evi-
dence accumulates. In 2012, the WHO Strategic Advisory
Group of Experts (SAGE) recommended pregnant women as
the most important high risk group for inactivated seasonal
influenza vaccination. If not already doing so, countries with
existing influenza vaccination programs should incorporate the
immunization of pregnant women.> Influenza vaccine should
also be recommended as an integral part of cardiovascular dis-
ease management and prevention in the elderly. This strategy is
based on results of observational and clinical trials results
showing an impressive 15-40% efficacy of influenza vaccine in
preventing acute myocardial infarction.”® This range of efficacy
compares favourably with the accepted routine coronary pre-
vention measures such as smoking cessation (32-43%), statins
(19-30%) and antihypertensive therapy (17-25%).”” In sum-
mary, the following additional risk groups should be



Table 1. Influenza vaccines licensed for elderly in the European Union and United States.
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Flu Vaccine (Tradename)

Vaccine Type

Age recommended

Manufacturer

Vaccines Licensed for Use in the European Union'

Vaxigrip Inactivated, adjuvanted, trivalent
Vaxigrip Tetra Inactivated, quadrivalent

Intanza 159 Inactivated, trivalent

Fluarix Inactivated, trivalent

Fluarix Tetra Inactivated, quadrivalent

Fluad Inactivated, adjuvanted, trivalent
Optaflu Inactivated, trivalent

Agrippal Inactivated, trivalent

Fluvirin Inactivated, trivalent

Influvac Inactivated, trivalent

Foclivia Inactivated, adjuvanted, monovalent (H5N1)
Aflunox

Vaccines Licensed for Use in the United States?

Fluad

Afluria

Afluria quadrivalent
Flucelvax quadrivalent

Inactivated, adjuvanted, monovalent (H5N1)

Inactivated, adjuvanted, trivalent
Inactivated, trivalent

Inactivated, quadrivalent
Inactivated, quadrivalent

FluLaval Inactivated, trivalent
FluLaval Quadrivalent Inactivated, quadrivalent
Fluarix Inactivated, trivalent
Fluarix quadrivalent Inactivated, quadrivalent
Fluvirin Inactivated, trivalent
Agriflu Inactivated, trivalent

Fluzone High Dos
Fluzone quadrivalent
Flucelvax

Flublok

Flublok Quadrivalent

Inactivated, trivalent
Inactivated, quadrivalent
Inactivated, trivalent
Inactivated, trivalent
Inactivated, quadrivalent

6 months and older
3y and older

60y and older

6 months and older
3y and older

65y and old

18 y and older

6 months and older
4y and older

6 months and older
18y and older

18 y and older

65y and older

5y and older

18 y and older

4y and older

6 months and older
6 months and older
3y and older

3y and older

4y and older

4y and older

65y and older

6 months and older

Sanofi Pasteur
Sanofi Pasteur
Sanofi Pasteur
GlaxoSmithKline
GlaxoSmithKline
Novartis
Novartis
Novartis
Novartis

BGP Products B.V.
Seqirus

Seqirus

Seqirus

Seqirus

Seqirus

Seqirus

ID Biomedical Corporation
ID Biomedical Corporation
GlaxoSmithKline
GlaxoSmithKline

Seqirus

Novartis

Sanofi Pasteur

Sanofi Pasteur

Influenza Virus Vaccine H5N1 (no Trade Name)?

Inactivated, adjuvanted, monovalent

4y and older Seqirus

18 y and older Protein Science Corporation
18 y and older Protein Science Corporation
18 y and older Sanofi Pasteur

! Approved by European Medicine Agency (EMA)
2 Approved by Food and Drug Administration (FDA)
3 Only for National Stockpile

considered, in no specific priority order: health-care workers,
children aged 6-59 months, and adults with high risk health
conditions.

The immune response to vaccination is reduced in the
elderly compared with young, healthy adults.”® The duration of
protection after influenza vaccination in the elderly is unclear.
Increasing evidence demonstrates that influenza vaccines may
be less effective in the elderly than in younger adults. A
decrease in vaccine effectiveness during the winter season has
been reported from surveillance studies in some countries and
a decline in effectiveness was most significant in people over
65y of age.””® A meta-analysis of evidence for the year-round
persistence of vaccine-induced antibody following trivalent,
inactivated, seasonal influenza vaccination in the elderly
described the decline from Day 21-42 to 360, in geometric
mean titres of specific antibodies and the proportion of sero-
protected subjects. The authors suggest that clinical protection
does not persist year-round in the elderly.’ Describing the true
duration of post-vaccination protection is important for coun-
tries with biannual epidemics of influenza.

Despite methodological discrepancies among the meta-anal-
yses of seasonal vaccines for the elderly, most influenza vac-
cines show statistically significant efficacy within a highly
variable range. This variation underlies the controversy about
immunization strategies for older adults.®***** Nevertheless,
elderly persons are at high risk of severe disease and mortality
associated with influenza and they remain the central focus of
influenza vaccine strategies in many countries to reduce

complications, hospitalizations and mortality. The WHO and
the ECDC agree that targeting the elderly, defined as those age
65 y or more, is a sound strategy to prevent adverse outcomes
from influenza.®>**® Many countries thus recommend annual
influenza vaccination for the elderly®” and high risk groups
such as those with underlying medical conditions and pregnant
women.*® In some countries, vaccination of the elderly has
been a vanguard of public health practice for decades, since the
1960s in the US. Immunization strategy has thus been under
evaluation and development for many years,” and recommen-
dations for influenza vaccination vary by country and season,
examples of which are reviewed in Table 2.

No universal set of recommendations prescribes the defi-
nition of “older age” groups. Many countries use age 65 y
as a criterion, whereas others refer to age 50 or 60 y. Never-
theless, the recommendation to vaccinate elderly people is a
key component of almost all influenza immunization strate-
gies. The distribution in age recommendations among 31
EU/EEA countries plus Iceland, Liechtenstein and Norway,
varies as follows: 3.2% (1 country) recommends that vacci-
nation commence at 50 y of age, 19.4% (6 countries) at
60 y and older, and 77.4% (24 countries) at 65 y and
older.”® Similar recommendations have been set by Russia
(age 60), and Australia (age 65).”"”* In the US and Canada,
a markedly different approach is used—vaccination is rec-
ommended for all persons age 6 months and older. When
the vaccine supply is limited, public health officials recom-
mend a triaging of efforts to focus on the high risk groups,
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Table 2. Influenza vaccine recommendations for the elderly in Europe and selected countries.

Recommendation for Target age
Country elderly group
Poland YES > 55 years
Germany, Greece, Hungry, Iceland, Netherlands, Slovakia YES > 60 years
Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Ireland, Italy, Latvia, YES > 65 years

Liechtenstein, Lithuania, Luxembourg, Malta, Norway, Portugal, Romania, Slovenia, Spain, Sweden, United Kingdom"

Russia? YES > 60 years
Australia® YES > 65 years
United States® YES All adults
Canada® YES All adults
Israel® YES >65y

" ECDC Vaccine schedule: influenza
2 Ministry of Public Health of Russia

3 Australian Government, Department of Health, Australian Technical Advisory Group on Immunization (ATAGI)

4 CDC Atlanta, Advisory Committee for Immunization Practices (ACIP)

%) public Health Agency of Canada, National Advisory Committee on Immunization (NACI)

9 Ministry of Health, Israel

including all persons aged 50 y and older in US plus preg-
nant women and those with underlying chronic conditions.
Vaccination is generally free of charge in developed
countries.

Despite the fact that recommendations have been devel-
oped and implemented in most developed countries for dec-
ades, influenza cannot be eradicated for several reasons.
First, most avian species and swine are natural hosts to
influenza A viruses. They support the circulation and reas-
sortment of influenza A, making it impossible to interrupt
this cycle. Additionally, the influenza virus is particularly
adept at changing its antigenicity, requiring annual vaccine
updates. Complicating the vaccination effort is the annual
uncertainty of vaccine match to virus, and thus perceived
and actual effectiveness, making planning supply and distri-
bution difficult.”” Finally, some countries have very low vac-
cination coverage (approximately 30%) among high risk
adults younger than 65 y of age.””

The rate of influenza vaccination in the elderly population is
markedly different in various countries. Only a few countries
have achieved the WHO-recommended influenza vaccine cov-
erage goals of 50% by 2006 for adults aged 60 y and older, and
75% by 2010.*7° In some countries, the vaccination rate
among those age 65 y or more is quite high, such as in South
Korea where 75.8% have been vaccinated, Australia (70.9%),
US (71.5%), UK (70.8%), New Zealand (68%), Canada (60%),
and Ireland (59%).”%”""®”” Vaccination coverage is quite vari-
able, and increases in coverage are not guaranteed. In Italy, a
dramatic decrease was noted, from 70% in 2005-2006 to 48.6%
in 2014-2015,%° and in Canada coverage decreased 9% between
2006 and 2014 among those 65 and older, and 11% during the
same period for the very elderly age 85 y and older.*'

Disparities in vaccination coverage by region, and even
within countries and communities, is influenced by a variety
of factors. The media plays an increasingly important role
in shaping public perspective. As with all vaccines, active
discussion regarding benefits and potential risks extends to
influenza vaccination generally, and specifically regarding
the elderly. We turn now to a meta-analysis published
recently and its impact on the clinical conversation as well
as public response.

Cochrane Review and its limitations

While most doctors in the US and globally agree with the CDC
recommendation to vaccinate people at the population level, a
Cochrane review casts doubt as to whether the vaccine has any
efficacy against influenza.®”

Opponents of vaccination against influenza have recently
used arguments based on a Cochrane’s meta-analysis of
immunization trials which concluded that flu vaccines offer
no benefit.*> Presentation of these results in the media serve
to mobilize the anti-vaccine constituency and invigorate
resolve to refuse other vaccinations. The European Scientific
Working Group on Influenza (ESWI) refutes the Cochrane
findings, stating that any doubt regarding the benefits of
influenza vaccination is dangerous from both a scientific
and ethical point of view. Specifically, the ESWI points out
that the Cochrane Review failed to distinguish between sea-
sons with high, mild or no circulation of an influenza virus,
a factor which would dramatically influence any final effec-
tiveness estimate.*

The current media discussion is based on a dramatic misin-
terpretation of 2 scientific notions: efficacy and effectiveness of
influenza vaccines. Effectiveness studies measure the level of
protection offered by the influenza vaccine against influenza-
like-illnesses. However, it is common scientific knowledge that
influenza vaccines offer no protection against viruses other
than the circulating influenza viruses.

Efficacy is more specific to influenza virus, however efficacy
studies require thorough laboratory investigation. When the
data are risk-stratified, a rigorous analysis yields substantial evi-
dence in favor of the influenza vaccine to reduce the risk of
influenza infection and influenza-related disease and death in
the elderly.***

Safety of influenza vaccines in elderly

Issue of influenza vaccine safety is very sensitive since flu vac-
cines have the reputation of being reactogenic. However this
may be mostly explained by differences in adverse events
reporting and especially there may be bias in non-placebo-con-
trolled trials.



In reality influenza vaccines are generally well tolerated and
safe in elderly. Serious and clinically important adverse events
after vaccination are rare in elderly. The majority of adverse
events resolved within 3 d. But less information about the pro-
portion of adverse events after influenza vaccination is available
from the clinical trials for elderly compare with children or
younger adults. The most common local reactions are pain,
erythema, swelling and induration. In the large clinical trial in
the Netherlands, 23% of patients aged 60 y and older, reported
one or more adverse reaction compared with 14% given pla-
cebo. The frequency of local reactions was 17.5% (7.3% in pla-
cebo group) and no difference in systemic reactions (11.4% v
9.4%).%° Results indicate lower proportion of local reactions in
elderly than in children or young adult. Local reactions were
reported in from 20-57% of the recipients aged 6-33 y.*” Clini-
cal trials reported swelling up to 7.3% of vaccinated elderly
aged 60 y and older. Local reactions are reported more fre-
quently among the high-dose recipients (36% reported pain)
than among standard-dose flu vaccine recipients (24% reported
pain) in 65 y of age or older in US. Also swelling and erythema
are more frequent following high-dose vaccine compared with
the standard-dose vaccine. Administration route can influence
occurrence of adverse events. The incidence of injection-site
reaction was higher following the intradermal than intramuscu-
lar vaccination. The proportion of systemic reaction among
elderly is a small, without the evidence of significant elevated
risk compared with placebo recipients. The most common sys-
temic reaction reported in elderly (65 y or older) within 7 d
after influenza vaccination are malaise (7.2%), fever (5.7%),
cough (6.6%), coryza (13.2%) or nausea (4.5%). There are also
no signs of safety risk for concomitant vaccination with other
adult formulation of vaccines (zoster, pneumococcal or teta-
nus-diphteria-acellular pertussis vaccines) compared with sepa-
rate administration in elderly.*®

Practical recommendation: When to immunize

The optimal timing for influenza vaccination is before the
influenza season, and more precisely, before the onset of influ-
enza activity in the population. This time cannot be predicted
exactly because the timing and duration of influenza season
varies each year. In addition, some countries experience bian-
nual outbreaks. The matter is complicated by the immune
response, which also varies by age. Protective antibody levels
decline over time, and this degradation of response is more
pronounced in the elderly, particularly against influenza
A/H3N2. Thus, questions regarding the ideal timing for vacci-
nation have arisen with an emphasis on optimal timing of vac-
cination for the elderly.

Some studies suggest that a very proactive vaccination
stance before flu season runs the risk of insufficient anti-
bodies levels later when the influenza outbreak commen-
ces. A study in Spain during the 2011-2012 season
demonstrated this risk; the influenza odds ratio (OR) was
20.81 for persons > 65 y vaccinated > 120 d before diagno-
sis versus those vaccinated < 100 d before diagnosis.”® Sim-
ilarly, a case-control analysis from the 2007-2008 season
described a significant increase in the OR for contracting
influenza every 14 d after vaccination among adults aged
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75y (1.3 for each 14 d interval).”' Delaying vaccination in
the elderly until later in the season may confer a greater
likelihood of sufficient immunity, but this strategy may
result in missed opportunities to administer vaccine concur-
rent with regularly scheduled clinic visits. Usually, the rec-
ommendation is to vaccinate against influenza by the end
of October, however, vaccination in December or later
could be beneficial, especially for elderly.*’

Future vaccine development

A multi-pronged strategy to optimize vaccine immunogenecity
includes using adjuvants, modifying the route of administra-
tion, dosage, and composition of the vaccine. The immunoge-
nicity of adjuvants, such as alum, have demonstrated mixed
results.”>*>**?> A novel strategy to use TLR agonists increases
the co-expression of costimulatory molecules (i.e. CD40, CD86
and MHCII) in aged mouse and human cell models; this strat-
egy also appears to restore B cell expansion.”® An oil-in-water
emulsion, such as MF59 or AS03, has also shown increased
immunogenicity, cross-reactivity to other influenza strains, and
a 25-50% reduction in hospitalization.*

The intranasal and intramuscular injection sites seem to
recruit different T lymphocytes,”” but intranasal live-attenuated
vaccines have not been effective in the elderly.”® The potential
advantages of intradermal administration for vaccines are cur-
rently being investigated and side-by-side comparisons are
promising.””'%*'°" A meta-analysis of 13 trials concluded that
among the elderly, a higher intradermal dose conferred an
immunogenic advantage when compared with intramuscular
administration.'”

Boosting the vaccine dose 4-fold may confer a concomi-
tant increase in antigenic presentation.'®>'**1>1% However,
as noted previously, perhaps a better hallmark of immunoge-
nicity and durability of protection in the elderly is the T
lymphocyte response measured by ex vivo cytokine and
granzyme B production, not antibody titers.'”” Further, the
immune response to actual infection differs from that
prompted by immunization. Inactivated vaccines induce a
decent neutralizing antibody response, but T cells are gener-
ally only mobilized by natural infection. For example, fewer
than 50% of older individuals may demonstrate a CTL
response following immunization with the live attenuated
vaccine.'"”® Thus, an entirely novel vaccine model which
engages both CD4+4 and CD8+ CTL may be required to
induce a robust immune response in the elderly.

To this end, various approaches to vaccine construction are
currently under development to exploit the inherent character-
istics of the influenza virus. Because the influenza nucleopro-
tein (NP) contains immunodominant epitopes for both CD4
and CD8 T cells,'” a vaccine which incorporates NP may elicit
good T cell immunity, and importantly, confer protection
against multiple strains. One such prototype vaccine with NP
and matrix 1 influenza proteins has been developed using mod-
ified Vaccinia Virus Ankara (MVA)."'? Initial indications sug-
gest this vaccine is safe and promotes a T cell response in
people 50-85 y old comparable to a younger population''';
however, it is uncertain whether an antibody response is
produced.
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Conclusion

Despite the relatively short duration of illness and short period
of seasonal influenza each year, the medical and economic bur-
den is substantial because the pathogen is highly infectious,
and certain risk groups suffer severe sequelae requiring prompt
intervention. Although immunization remains the most impor-
tant preventive measure, scientific papers which suffer from
methodological problems or a lack of balance have prompted
questions about the value of immunization. There is an exigent
need to properly position the role of influenza vaccination with
respect to the target population, goals of vaccination, and strat-
egies to optimize effectiveness.

These challenges have triggered a vigorous response which
promises to advance vaccine technology in general. Given the
complex cellular interactions affected by aging, optimal vaccine
development must engage in a similarly complex matrix of
strategies. Older adults are, for the first time in history, the
most rapidly expanding age group.''” To reduce influenza mor-
bidity and mortality in this important yet vulnerable group, the
ideal vaccine should induce good humoral and cellular
responses. For instance, novel target antigens may reduce the
need for a unique annual vaccine, increasing the duration of
effectiveness from season to season. Advances in this regard
would obviously be of benefit to younger patients as well, mak-
ing this line of research particularly productive.
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