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Annual vaccination is the main mean of preventing influenza in the elderly. In order to evaluate the effectiveness of the
adjuvanted seasonal influenza vaccines available in Italy in preventing hospitalization for influenza and pneumonia, a
matched case-control study was performed in elderly subjects during the 2010-2011 season in Genoa (Italy). Cases and
controls were matched in a 1:1 ratio according to gender, age, socio-economic status and type of influenza vaccine.
Vaccine effectiveness was calculated as IVE = [(1-OR) x 100] and crude odds ratios were estimated through conditional
logistic regression models. Adjusted odds ratios were estimated through multivariable logistic models.

In the study area, influenza activity was moderate in the 2010-2011 season, with optimal matching between circulat-
ing viruses and vaccine strains. We recruited 187 case-control pairs; 46.5% of cases and 79.1% of controls had been vacci-
nated. The adjuvanted influenza vaccines (Fluad® considered together with Inflexal V®) were associated with a significant
reduction in the risk of hospitalization, their effectiveness being 94.8% (Cl 77.1-98.8). Adjusted vaccine effectiveness
was 95.2% (Cl 62.8-99.4) and 87.8 (Cl 0.0-98.9) for Inflexal V® and Fluad®, respectively. Both adjuvanted vaccines proved
effective, although the results displayed statistical significance only for Inflexal V® (p = 0.004), while for Fluad® statistical
significance was not reached (p = 0.09). Our study is the first to provide information on the effectiveness of Inflexal V® in
terms of reducing hospitalizations for influenza or pneumonia in the elderly, and demonstrates that this vaccine yields a

high degree of protection and that its use would generate considerable saving for the National Health Service.

Introduction

Influenza is an acute respiratory illness that manifests itself in
the form of a typical seasonal epidemic during winter and can be
characterized by a pandemic when an antigenically distinct virus
is introduced and spreads in the human population.

In industrialized countries influenza constitutes a signifi-
cant risk to public health and causes significant damage to the
National Health Service and society in both health and eco-
nomic terms. Indeed, it is responsible for a high consumption of
healthcare resources (direct costs), reduced productivity (indi-
rect costs), and intangible costs such as suffering and impairment
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of quality of life. It has also been proved a number of times"?
that influenza is responsible for increased recourse to general
medical care, increases in hospitalisations and excess mortal-
ity."? On the basis of the US population in 2003, Molinari et al.
estimated that annual influenza epidemics resulted in average
direct medical costs of $10.4 billion and average indirect costs of
$16.3 billion.? The estimated costs of seasonal epidemics from
1999-2008 in Italy ranged from €1.5 to €2.0 billion per year,
and the costs of the HIN1/09 pandemic ranged from €1.3 to
€2.3 billion."

Some subjects, such as the elderly, young children, pregnant
women and people with certain health conditions, are at high
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Table 1. Baseline characteristics of the study population
Cases(187) N°  Controls (187)

Characteristics (%) N° (%) P value*
Mean age + SD 78.6 +8.3 777 £ 8.0
Gender: male 104 (55.6%) 104 (55.6%)
Smokers 34 (17.6%) 36* 19 (10.2%) 0.009
Drinkers 18 (9.6%) 38* 9 (4.8%) 0.022
Pneumococcal ;o 100 105%% 45 (241%) 70"  0.016
vaccination
VL”CfC':‘nearliZjn 87 (46.5%) 148 (79.1%) 0.0001
High-risk medical conditions
Heart disease 78 (41.7%) 44 (23.5%) 0.0002
Hypertension 120 (64.2%) 118 (63.1%) 0.998
Respiratory disease 58 (31.0%) 17 (9.1%) < 0.0001
Diabetes 46 (24.6%) 32 (17.1%) 0.0878
Renal disease 40 (21.4%) 16 (8.6%) 0.0007
Liver disease 6 (3.2%) 6 (3.2%) 1
Cerebral stroke 11 (5.9%) 5(2.7%) 0.1814
Rheumatologic 1(0.5%) 13 (6.9%) 0.0033
disease
Cancer 2 (1.1%) 1 (0.5%) 0.4795
Number of risk
factors
None 14 (7.5%) 32 (17.1%)
One 43 (23.0%) 68 (36.4%)
Two 67 (35.8%) 58 (31.0%)
Three or more 63 (33.7%) 29 (15.5%) 0.0021

Notes: *Non-responders; **information not validated; *McNemar’s test
for matched case-control study.

risk of serious influenza complications. About 90% of excess
mortality due to influenza and about 50% of excess hospitaliza-
tions occur among the elderly.”® Moreover, as underlined by the
US. Centers for Disease Control (CDC), the complications of
influenza more often affect persons over 64 y of age, especially
those aged over 75 y, as well as children and people of all ages
with recognized risk conditions.”®

It is acknowledged that the only really effective means of com-
bating influenza and its possible complications is vaccination.”
Many studies support the hypothesis that influenza vaccination
significantly reduces the risk of severe complications, e.g., hos-
pitalizations for pneumonia and death among the elderly living
in communities.*>"" In subjects over 64 y of age, vaccination
against influenza seems to reduce hospitalizations by 50-60%
and mortality by up to 80%.” However, these studies are open to
potential bias, since several variables can influence evaluations of
efficacy/effectiveness.

The need for ever more immunogenic and efficacious influenza
vaccines, especially for the elderly, has prompted the development
of adjuvanted vaccines. In order to enhance the immune response
to influenza vaccines, several adjuvants have been proposed (e.g.,
MEF-59® and virosomes).'*"3 Adjuvants are agents which, when
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incorporated into vaccines, enhance the immunogenicity of their
antigens by activating and/or prolonging their stimulatory effect.

In Italy, influenza vaccination is strongly recommended for the
elderly, and is offered free of charge at the vaccination facilities
of Local Healthcare Units (LHUs) or by General Practitioners
(GPDs). For this reason, too, it is important to evaluate the per-
formance of seasonal influenza vaccination campaigns. In this
perspective, studies on the prevention of hospitalization appear
to be very useful. Hospitalization of the elderly is the largest item
of direct cost, at least during seasonal influenza epidemics in
[taly.!41

While traditional vaccines (not adjuvanted) and MF-59® adju-
vanted vaccines have been studied with regard to their effective-
ness in reducing hospitalizations and mortality in the elderly, no
such studies have been conducted on Inflexal V®.!:162! Seudies
on the effectiveness of Inflexal V® have been performed in terms
of the prevention of Influenza-Like Illnesses (ILLs).?** In order
to evaluate the effectiveness of the adjuvanted seasonal influ-
enza vaccines available in Italy in preventing hospitalization for
influenza and pneumonia, a matched case-control study was
performed in elderly subjects during the 2010-2011 season in
Genoa, Italy.

Results

In the Liguria Region, influenza activity was moderate in the
2010-2011 season. The influenza epidemic began in the 50th
week of 2010 and lasted until the 10th week of 2011. The epi-
demic period lasted 13 weeks, during which time it was estimated
that about 6.4% of the Region’s population suffered from influ-
enza. Infants, children and adolescents were the subjects most
affected by influenza. Only 9.4% of cases fell into the over-64 y
age-class.

The predominant circulating influenza virus was A/
California/07/09pdm (67%), followed by B virus (B/
Brisbane/60/2008) (23.5%) and A/H3N2 (A/Perth/16/2009)
(9.3%). In the 2010-2011 season there was optimal matching
between circulating viruses and vaccine strains. No drifted influ-
enza strains were isolated in the Genoa district.

The 2010-2011 influenza vaccination coverage was 62.3% in
the elderly in Genoa. On the basis of the distribution of the vac-
cines used, 33,228, 41,504 and 27,320 elderly subjects were vac-
cinated with Inflexal V®, Fluad® and Intanza®, respectively (Data
from Liguria Region-Influenza vaccination: 2010-2011 season).

A total of 187 cases (104 males and 83 females) and 187 con-
trols were recruited. Seven cases were excluded because they were
not matched with suitable controls.

Table 1 shows the personal and clinical characteristics of cases
and controls. Smoking and drinking were significantly more
common among cases than controls. Furthermore, more cases
than controls suffered from heart disease (p = 0.0002), respira-
tory disease (p < 0.0001) and renal disease (p = 0.0007). By con-
trast, controls were more often affected by rheumatologic disease
(p = 0.0033). The high-risk medical conditions of hypertension,
liver disease and cancer were similarly distributed among cases
and controls. Pneumococcal vaccination was received by 9.1%
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Total subjects=374; mean age + SD =78.1 + 8.2
M=208; mean age+ SD =77.9 +7.9 F=166; mean age+ SD =78.4 +8.5

Total cases=187; mean age + SD =78.6 +8.3
M=104; mean agex SD =78.2 +7.9
F=83; mean age+ SD =79.0+8.9

Vaccinated=87
(46.5%)

M=49 (47.1%)
F=38 (45.8%)

(53.5%)
M=55 (52.9%)
F=45 (54.2%)

Not vaccinated=100

Total controls=187; mean age + SD =77.7 +8.0
M=104; mean age+ SD =77.6 £7.9
F=83; mean agex SD =77.7 £8.1

[

Vaccinated=148
(79.1%)

M=82 (78.8%)
F=66 (79.5%)

[

Not vaccinated=39
(20.9%)

M=22 (21.2%)
F=17 (20.5%)

Inflexal-V® =28 FLUAD® =34 Intanza® =25

(32.2%)
M=14
F=14

(39.1%)
M=19
F=15

(28.7%)
M=16
F=9

Inflexal-V® =77

FLUAD® =54 Intanza®=17
(52.0%)
M=47

F=30

(36.5%)
M=28
F=26

(11.5%)
M=7
F=10

Figure 1. Flow -diagram of the study.

of cases and 24.1% of controls; pneumococcal vaccination status
could not be ascertained in 105 cases and 70 controls. The num-
ber of subjects with three or more risk factors was significantly
higher among cases (p = 0.0021) (Table 1).

The influenza vaccination status of cases and controls is
reported in Figure 1. A total of 46.5% of the cases had been vac-
cinated; of these, 32.2%, 39.1% and 28.7% received Inflexal V®,
Fluad® and Intanza®, respectively. Only 3 of the vaccinated cases
had no high-risk medical conditions. Specifically, 23 (26.4%) had
1 high-risk medical condition, 32 (36.8%) had 2 conditions, 14
(16.1%) had 3 conditions, 11 (12.6%) had 4 conditions, 3 (3.4%)
had 5 conditions and 1 had 6 conditions. Fourteen (16.1%) vac-
cinated cases were smokers and 11 (12.6%) were drinkers.

Among the controls, 79.1% had been vaccinated; of these,
52.0%, 36.5% and 11.5% received Inflexal V®, Fluad® and
Intanza®, respectively. High-risk medical conditions were
recorded among vaccinated controls as follows: 21 subjects
(14.2%) had no high-risk conditions, 58 (39.2%) had 1 condi-
tion, 52 (35.1%) had 2 conditions, 15 (10.1%) had 3 conditions
and 2 (1.3%) had 4 conditions. Thirteen (8.8%) vaccinated con-
trols were smokers and 6 (4.0%) were drinkers.

Table 2 reveals that many elderly subjects with underly-
ing chronic medical conditions were not vaccinated and were
therefore exposed to a high risk of developing serious compli-
cations caused by influenza. For example, 52.6% and 46.5% of
those with heart and respiratory diseases, respectively, were not
vaccinated.

In accordance with the aim of the study, the risk of hospi-
talization for pneumonia and/or influenza and the effective-
ness of influenza vaccination in preventing hospitalization from
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influenza or pneumonia were assessed only in subjects who had
received adjuvanted influenza vaccines. Those who had received
the Intanza® 15 mcg vaccine were excluded from the following
statistical tests (29 case-controls pairs). Then, we analyzed 158
case-control pairs.

If we consider the overall effectiveness of adjuvanted influ-
enza vaccination, the multivariable logistic models included, in
addition to elderly status, the following confounding factors,
which changed the crude-OR by more than 10%: drinking and
smoking. The crude influenza vaccine effectiveness was 97.1%
(88.3-99.3%) and the adjusted value was 94.8% (77.1-98.8%)
(Table 3).

If we consider the effectiveness of the Inflexal V® vaccine,
the multivariable logistic models included, in addition to elderly
status, the following confounding factors, which changed the
crude-OR by more than 10%: heart and respiratory diseases,
drinking and smoking. The crude Inflexal V® vaccine effec-
tiveness was 98.0% (85.2-99.7%) and the adjusted value was
95.2% (62.8-99.4%) (Table 3). Regarding the Fluad® vaccine,
the multivariable logistic models included, in addition to elderly
status, the following confounding factors, which changed the
crude-OR by more than 10%: respiratory disease, drinking and
smoking. The crude Fluad® vaccine effectiveness was 95.2%
(64.6-99.4%) and the adjusted value was 87.8% (0.0-98.9%)
(Table 3).

However, regarding the adjusted OR of Fluad®, the analysis did
not prove to be statistically significant (p = 0.09). Furthermore,
the 95% CI of the adjusted OR (0.011-1.394) also confirmed
that the adjusted OR (0.122) of Fluad® should be considered only

an indicative value.
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Table 2. Risk-factors and vaccination status in the study population

CASES (187) CONTROLS (187)
N° Vaccinated Unvaccinated N° Vaccinated Unvaccinated

Smokers 34 36* 14 (41.2%) 20 (58.8%) 19 13 (68.4%) 6 (31.6%)

Drinkers 18 38* 11 (61.1%) 7 (7.0%) 9 6 (66.7%) 3(33.3%)

Pneumococcal vaccination 17 105%* 13 (77.5%) 4 (23.5%) 45 70** 44 (97.8%) 1(22.2%)
High-risk medical conditions

Heart disease 78 37 (47.4%) 41 (52.6%) 44 35 (79.5%) 9 (20.5%)

Hypertension 120 63 (52.5%) 57 (47.5%) 18 99 (83.9%) 19 (16.1%)

Respiratory disease 58 31 (53.4%) 27 (46.5%) 17 15 (88.2%) 2 (11.8%)

Diabetes 46 24 (52.2%) 22 (47.8%) 32 27 (84.4%) 5 (15.6%)

Renal disease 40 24 (60.0%) 16 (40.0%) 16 12 (75.0%) 4 (25.0%)

Liver disease 6 5(83.3%) 1(16.7%) 6 5 (83.3%) 1(16.7%)

Cerebral stroke n 5 (45.5%) 6 (54.5%) 5 5 (100%) 0 (0.0%)

Rheumatologic disease 1 1(100.0%) 0 (0.0%) 13 12 (92.3%) 1(7.7%)

Cancer 2 2 (100.0%) 0 (0.0%) 1 1 (100%) 0 (0.0%)

Notes: *Non-responders; **information not validated.

Table 3. Risk (crude odds ratio and adjusted odds ratio) of hospitalization for pneumonia or influenza in subjects who had received adjuvanted
seasonal influenza vaccination: Effectiveness of influenza vaccination in preventing hospitalization for influenza or pneumonia

Crude Odds Ratio Adjusted odds ratio
Value Value
P Effectiveness (IVE) P Effectiveness (IVE)
(95% CI) (95% Cl)
0.029 97.1 0.052 94.8
Influenza vaccination* < 0.000 < 0.000
(0.007-0.117) (88.3-99.3) (0.012-0.229) (77.1-98.8)
0.020 98.0 0.048 95.2
Inflexal V® < 0.000 0.004
(0.003-0.148) (85.2-99.7) (0.006-0.372) (62.8-99.4)
0.048 95.2 0.122 87.8
Fluad® 0.003 0.09
(0.006-0.354) (64.6-99.4) 0.011-1.394 (0.0-98.9)

Notes: *Inflexal V® + Fluad®.

Discussion

During the course of their life, humans are infected by sev-
eral strains of influenza virus. The elderly therefore have a
very rich immunological memory against influenza viruses.
However, their immune system is weakened because of
immune-senescence.*® Data obtained on inactivated non-adju-
vanted influenza vaccines used in different seasons indicate
that, as early as age 40, the intensity of the response to vac-
cination decreases.”” Subsequently, as time passes, aging and
the progression of underlying diseases, especially those of the
respiratory and cardiovascular systems, make the elderly more
vulnerable to aggression by influenza viruses and other respira-
tory pathogens.

On the basis of our results, it is possible to estimate that, in
the elderly, the adjuvanted influenza vaccines (Fluad® consid-
ered together with Inflexal V®) were associated with a significant
reduction in the risk of hospitalization for influenza or pneumo-
nia. Indeed, their effectiveness in preventing hospitalization was

94.8% (CI77.1-98.8%).
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Moreover, our study is the first to provide information on the
effectiveness of the Inflexal V® vaccine in terms of reducing hos-
pitalization for influenza or pneumonia among subjects > 64 y,
and demonstrates that this vaccine yields a high degree of protec-
tion. This information is consistent with the results obtained by
Pregliasco et al. and Consonni et al.,?»? although these authors
considered another outcome, i.e., the efficacy of virosomal influ-
enza vaccine in preventing Influenza-Like Illness in the elderly.
In particular, Consonni et al. who performed their study during
the 2002-2003 influenza season, found a 62% rate of protection
against ILL.*

Our analysis showed much greater effectiveness in reducing
hospitalization for influenza or pneumonia than other studies.
Indeed, practically no other previous research has registered simi-
lar levels of effectiveness. Only one study, conducted by Puig-
Barbera in 1994-96, found a vaccine efficacy of 79% with regard
to radiologically confirmed pneumonia hospitalization,?® and a
case-control study performed by Herrera in 2003-04 showed
90% vaccine efficacy against influenza hospitalization, though
that was in non-high-risk 50—64-y-old subjects.”” It is important
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to underline that, as in the majority of studies of influenza vac-
cine efficacy/effectiveness, in these two studies the predictor
“vaccination” was considered independently from the type of vac-
cine administered. However, it is probable that the vaccines used
were inactivated non-adjuvanted vaccines.

Other case-control studies conducted since 1980 have shown
30% to 63% vaccine efficacy/effectiveness with regard to hospi-
talization.”?%% Two recent studies produced results quite similar
to ours."™* One was published in 2011 by Talbot et al.; these
authors considered the effectiveness of seasonal vaccines in pre-
venting hospitalization in elderly patients, and applied molecu-
lar biology techniques to confirm influenza cases.>® The results
of their study showed 61.2% effectiveness (95%CI 7.5-81.8%)
on combining 3 consecutive seasons. The other study, published
by Castilla et al. in 2012, showed 58% effectiveness (95%CI
16-79%) in preventing hospitalizations. It is important to note,
however, that the subjects of this latter study were vaccinated
with inactivated non-adjuvanted vaccines.

However, as mentioned above, it is very difficult to evaluate
influenza vaccination effectiveness exactly, since this is influ-
enced by several variables. One of the main factors is the concor-
dance between the strains used for immunization and the viruses
circulating among populations (matching). The other variables
are: the characteristics of pathogenicity of circulating strains,
outcomes and case definitions, the methods used, the medical
conditions of vaccine recipients, the period of the study, the con-
temporary circulation of different respiratory pathogens and, as
often occurs, the lack of information about the type of vaccine
administered.

Despite these difficulties, some authors have tried to limit
the variability of the findings of different studies by using the
meta-analysis methodology. For instance, in 1995 Gross et al.
performed a meta-analysis of 20 studies and found a 50% rate
of efficacy in preventing hospitalization.” Vu et al. performed a
meta-analysis of studies involving non-institutionalized subjects
aged = 65 y, and found a 33% rate of effectiveness in preventing
hospitalization for pneumonia and influenza.’® In 2005, Jefferson
et al. published a paper in which they reported that well-matched
vaccines prevented 45% (95% CI 16-64%) of hospital admis-
sions caused by influenza.’” Although meta-analysis studies are
interesting, they have several major limits. The most important
one is that these studies have usually been conducted indepen-
dently of repeated yearly vaccinations, and of the type, dosage,
timing or administration schedule of the various influenza vac-
cines. Furthermore, the authors have completely ignored the tech-
nological evolution of influenza vaccines during the study period
(such as techniques for determining the antigen dose, introduc-
tion of national and international quality control, etc). In addi-
tion, when studies of different power and with different specific
outcomes are combined and considered equally, the results are
difficult to interpret and often inconclusive.’®%

In order to limit the multiple effects of the great number
of variables which can influence the effectiveness of influenza
vaccine, our study was designed to take into account possible
selection, information bias and confounding bias. The study
was performed during the period of maximum incidence of
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ILT (December 2010-March 2011). Furthermore, during this
period, other respiratory viruses, such as Respiratory Syncitial
virus (RSV), Adenovirus, Parainfluenzavirus, Rhinovirus,
Coronavirus and Metapneumovirus co-circulated with influ-
enza viruses (Fig. 2). The co-circulation of other respiratory
viruses was particular important in infants and children,* but
could have had some importance in terms of information bias.
However, it is well known that this kind of bias can lead to the
underestimation of effectiveness.®

We selected our cases in the two largest hospitals in Genoa;
the GPs of these subjects were then identified. Starting from the
GP’s database, an appropriate control subject was matched to the
case by age, sex, socio-economic level and type of vaccine. This
procedure enabled us to minimise the variability within each
case-control pair, and yielded cases and controls residing in the
same neighborhood of the city. Information on hospital discharge
diagnoses, underlying diseases, life style and risk conditions were
obtained from medical records and, with regard to cases, also
from hospital medical records. Two operators codified the data
collected by means of an ad hoc questionnaire; the authors of this
paper supervised this phase of the study to ensure the quality of
the data to be fed into the computer for statistical analysis.

Multivariate analysis was conducted in order to limit con-
founding biases linked to comorbidities and other risk factors.
In particular, the final analysis was performed by considering the
predictors which changed the crude OR by > 10%.

In our study, effectiveness in preventing hospitalization for
influenza or pneumonia proved to be higher than that reported
by other authors. The reasons for this could be: (1) the very good
matching between vaccine and circulating influenza strains; (2)
the fact that the elderly, both vaccinated and unvaccinated, had
probably had previous contact with an HINI strain closely related
to the A/California/07/09 , virus, as was demonstrated by the
very low morbidity in these subjects during the 2009/10 pan-
demic season® and as was confirmed by the study by Hancock et
al., who reported high percentages of neutralizing antibody titers
against the 2009 pandemic HINI virus among serum donors
born before 1950. Thus, the 2010-11 vaccination might have
had a potent booster action: indeed, there are studies that support
our hypothesis; % (3) the stimulating action by the adjuvants of
the vaccines studied.

When statistical analysis was performed with regard to the
type of vaccine, both the adjuvanted vaccines considered in
our study showed very good levels of effectiveness (95.2% and
87.8% for Inflexal V® and Fluad®, respectively). However, the
results displayed statistical significance only for Inflexal V® (p =
0.004), while for Fluad® statistical significance was not reached
(p = 0.09). Furthermore, the 95% CI of adjusted OR of Fluad®
(0.011-1.394) also confirmed that the adjusted OR (0.122)
should be considered only an indicative value.

Regarding the effectiveness of MF-59®-adjuvanted subunit
influenza vaccine in preventing hospitalisations, Puig-Barber et
al. conducted 3 case-control studies in the 2004-05 influenza
season. The effectiveness of the influenza vaccine in preventing
hospitalisations was: 87%, 93% and 69% for cardiovascular dis-
eases, cerebrovascular diseases, and pneumonia, respectively.?’
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Figure 2. CIRI-IT - Respiratory viruses (influenza viruses included) isolated during 2010-11 influenza season in Genoa (from CIRI-IT*).

Our results highlight the fact that many subjects with more
than two concomitant high-risk conditions were not vaccinated
against influenza. For example, 52.6% of cases with heart disease
and 46.5% of those with respiratory disease were not vaccinated.
Although the Iralian Ministry of Health has set the objective of
vaccinating 75% of the elderly population during annual influ-
enza vaccination campaigns, current coverage is about 58% in
Italy as a whole, and 62% in Genoa (Data from Liguria Region
—Influenza vaccination: 2010—2011 season).** For this reason,
it is very important to raise awareness of the utility of influenza
vaccination in the elderly; it is also advisable to implement train-
ing courses for GPs. Furthermore in occasion of annual influenza
vaccination campaign, it is useful to vaccinate the elderly against
pneumococcal infections. Indeed, the synergism between influ-
enza infection and a greater susceptibility to Streprococcus pneu-
moniae is well established.” With regard to this item, our results
also demonstrate that vaccination against S. prneumoniae was sig-
nificantly more frequent among controls than cases, although the
pneumococcal vaccination status of many subjects, both cases
and controls, could not be ascertained.

In conclusion, our results indicate that the adjuvanted vac-
cines seem to fulfil the purpose for which they were designed. In
particular, our findings reveal the very high efficacy of Inflexal
V®, even if, on the basis of the lower limit of the 95% CI, we
adopt a conservative estimate of the effectiveness (62.8%). It can
be hypothesized that the use of this vaccine for influenza pre-
vention would yield considerable saving for the National Health
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Service. However, the fact that influenza diagnoses were not con-
firmed in the laboratory suggests both that our results should be
considered with caution and that other studies will be needed in
order to confirm the excellent performance of Inflexal V® in pre-
venting hospitalizations for influenza and pneumonia.

Materials and Methods

The Ethics Committee of S. Martino Hospital (Genoa, Italy)
approved the study protocol (N° 18/2010).

Study design. A case-control study was performed in the
elderly population (> 64 y of age) residing in Genoa (Italy),
accounting for 163,808 elderly subjects (65,648 males and
98,160 females) as of 31st December 2010.4° Cases and controls
were matched in a 1:1 ratio. Matching was based on gender, age
(+/- 3y), socio-economic status (evaluated on the basis of edu-
cational level and the district of residence) and type of influenza
vaccine. Each case and matched control had the same GP.

In 2010-2011, the Regional Health Service (RHS) provided
4 vaccines for the influenza vaccination campaign. In particular,
Inflexal V® (Crucell Italy Stl), Fluad® (Novartis Vaccines and
Diagnostics Srl) and Intanza® 15mcg (Sanofi Pasteur MSD SpA)
were used for the elderly.

Case definition and selection. The cases were recruited among
hospitalized subjects by choosing patients with discharge diagno-
ses of influenza or pneumonia (hospital discharge code ICD9,
480-487). Two important hospitals of Genoa were considered
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Figure 3. Influenza Like lliness Incidence rate (x 1,000 inhabitants) and Influenza laboratory confirmed cases during 2010-11 influenza season in Genoa

for recruitment: the Azienda Ospedaliera Universitaria San
Martino and the Ente Ospedaliero “Ospedali Galliera.”

Control definition and selection. The controls were subjects
who were not hospitalized for influenza or pneumonia in the
study period. The controls were recruited by GPs.

Soon after the recruitment of each case, GPs picked out poten-
tial control subjects (ficting the control definition) among the
patients registered in their databases. From this group of poten-
tial candidates, GPs randomly selected control subjects.

Study period. The 2010-2011 influenza season was consid-
ered. Since the diagnosis of influenza was only based on hospital
discharge code ICD9, to improve the specificity of diagnosis, the
study took into account only the period of maximum incidence
of ILI (December 2010 — March 2011) (Fig. 3).

The database of the Inter-University Centre for Research
on Influenza and other Transmitted Infections (CIRI-IT),
which monitors the trend in influenza throughout the year,
was considered to have epidemiological and virological data in
real time.?*%% The CIRI-IT is located at the Health Sciences
Department of the University of Genoa and is part of the Italian
Influenza Surveillance System.

Data collection. Once written consent had been obtained,
data from both cases and controls were collected by means of
an ad hoc written questionnaire. The information obtained was
validated by GPs’ medical records and, with regard to the cases,
also by hospital medical records. The following variables were
recorded: age, gender, socio-economic status, chronic conditions
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(cardiovascular disease, cerebrovascular events, regular treatment
with hypertensive agents, chronic respiratory disease, diabetes
mellitus, renal disease, hepatic disease, rheumatic disease and
neoplasia). Furthermore, subjects were asked about their smok-
ing and drinking habits and whether they had received pneu-
mococcal vaccine. The influenza and pneumococcal vaccination
status was checked by using the vaccination registers of GPs and
the LHU.

All vaccinated subjects enrolled received the influenza vac-
cine during the seasonal campaign vaccination (October 20th—
November 10th 2010).

Statistical analysis. The analyses were performed with the
SPSS vers.16.0 for Windows and Graph-Pad software. The char-
acteristics of the study population were described as means
standard deviation (SD) for continuous variables and as propor-
tions for categorical ones. The differences among cases and con-
trols groups were analyzed with MacNemar’s test.

Vaccine effectiveness was calculated as IVE = [(1-OR)x100]
and crude odds ratios with relative 95% Confidence Interval (CI)
were estimated by conditional logistic regression models, using

+

the dichotomic variables “hospitalizations for influenza or pneu-
monia” as outcome and “vaccination” as main predictor.
Otherwise, adjusted ORs were estimated by multivariable
logistic models. After evaluating the role of possible confounding
factors of all the variables measured in the study (Heart Disease,
Respiratory Disease, Alcohol consumption and smoking etc),
those variables that resulted in a change of the effect of exposure
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> 10% OR were included in the models. Owing to its impor-
tance, the variable “age” was included in the multivariable analy-
sis. The estimated coefficients of logistic regression were obtained
by using the procedure of SPSS COXREGR, which is equivalent
to the conditional logistic regression when there is only one case
with one or more controls in every layer.®>°

In accordance with the goal of the study, the effectiveness of
influenza vaccination in preventing hospitalization for influenza
and pneumonia was assessed only for the subjects who received
adjuvanted influenza vaccines. Consequently, the analysis was
performed on the total sample of subjects vaccinated with Inflexal
V® or Fluad® and then restricted to cases vaccinated with Inflexal
V® and Fluad®, respectively. All tests were two-sided, and p <
0.05 was considered statistically significant.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

The study was supported by the Department of Health Sciences
—Genoa University (Italy). The authors thank Paolo Moscatelli
and Roberto Tramalloni, who coordinated the data collection at
the Azienda Ospedaliera Universitaria San Martino and the Ente
Ospedaliero “Ospedali Galliera,” respectively. They also thank
the GPs of Genoa LHU for their support in data collection and
for validating the medical data of volunteers, and Luca Berisso
and Emanuela Rizzitelli for their support in the collection
and quality control of the data. The authors thank Dr. Patrick
Bernard for revising the manuscript.

References 11. Castilla J, Martinez-Artola V, Salcedo E, Martinez- 21. Savulescu C, Valenciano M, de Mateo S, Larrauri A;
Baz I, Cenoz MG, Guevara M, et al.; Network for cycEVA Study Team. Estimating the influenza vac-

1. Nichol KL. Challenges in evaluating influenza vaccine Influenza Surveillance in Hospitals of Navarre. Vaccine cine effectiveness in elderly on a yearly basis using
effectiveness and the mortality benefits controversy. effectiveness in preventing influenza hospitalizations in the Spanish influenza surveillance network--pilot
Vaccine 2009; 27:6305-11; PMID:19840665; http:// Navarre, Spain, 2010-2011: cohort and case-control case-control studies using different control groups,
dx.doi.org/10.1016/j.vaccine.2009.07.006. study. Vaccine 2012; 30:195-200; PMID:22100636; 2008-2009 season, Spain. Vaccine 2010; 28:2903-7;

2. Nichol KL. Cost-effectiveness and socio-economic heep://dx.doi.org/10.1016/j.vaccine.2011.11.024. PMID:20153351; http://dx.doi.org/10.1016/j.vac-
aspects of childhood influenza vaccination. Vaccine 12.  Podda A. The adjuvanted influenza vaccines with novel cine.2010.01.054.

20115 29:7554-8; PMID:21820477; htep://dx.doi. adjuvants: experience with the MF59-adjuvanted vac- 22. Pregliasco F, Giardini G, Sandrini MC. Efficacia protet-
0rg/10.1016/j.vaccine.2011.08.015. cine. Vaccine 2001; 19:2673-80; PMID:11257408; tiva dell'Inflexal V nel paziente anziano. Vaccine at a
3. Molinari NA, Ortega-Sanchez IR, Messonnier ML, heep://dx.doi.org/10.1016/S0264-410X(00)00499-0. glance 2002;1:1-5.
Thompson WW, Wortley PM, Weintraub E, eral. The 13, Gasparini R, Lai P Panatto D. Today’s Influenza ~ 23. Consonni S, Sandrini C, Segato E, Perucchini E,
annual impact of seasonal influenza in the US: measur- Vaccines — Why and adjuvant is needed and how it Bergamaschini L, Vergani C. Tolerability and efficacy
ing disease burden and costs. Vaccine 2007; 25:5086- works. European Infectious Disease 2010; 4:36-40. of anti-influenza vaccination alone and associated with
96; PMID:17544181; htep://dx.doi.org/10.1016/j.vac- 14 Gasparini R, Pozzi T, Bonanni P, Fragapane E, anti-pneumococcal vaccination in an elderly ambula-
cine.2007.03.046. Montomoli E. Valutazione dei costi di un’epidemia tory population and adherence to the vaccination

4. Lai PL, Panatto D, Ansaldi F Canepa P Amicizia influenzale nella popolazione lavorativa di Siena. campaign. J Prev Med Hyg 2004; 45:45-50.

D, Patria AG, et al. Burden of the 1999-2008 sea- Giornale Iraliano di Farmacoeconomia 2000; 4:3-9. 24. Targonski PV, Jacobson RM, Poland GA.
sonal influenza epidemics in Italy: comparison with the 15 Gasparini R, Lucioni C, Lai B Maggioni D Sticchi Immunosenescence: role and measurement in influ-
HIN1v (A/California/07/09) pandemic. Hum Vaccin L, Durando P et al. Valutazione benefici-costi della enza vaccine response among the elderly. Vaccine
20115 7(Suppl):217-25; PMID:21922688; hrep:// vaccinazione antinfluenzale negli anziani in Liguria. 2007; 25:3066-9; PMID:17275144; htp://dx.doi.
dx.doi.org/10.4161/hv.7.0.14607. Pharmacoeconomics — Italian research Articles 2003; org/10.1016/j.vaccine.2007.01.025.

5. Nordin J, Mullooly J, Poblete S, Strikas R, Petrucci R, 5(Suppl 1):23-30. 25. Gasparini R. Risultati clinici con il vaccino antinflu-
Wei E et al. Influenza vaccine effectiveness in prevent- 16. Tsai TE MF59 adjuvanted seasonal and pandemic enzale adiuvato. Vaccinare oggi 1998; Numero speciale:
ing hospitalizations and deaths in persons 65 years influenza vaccines. Yakugaku Zasshi 2011; 131:1733- 41-46.
or older in Minnesota, New York, and Oregon: data 41; PMID:22129867; http://dx.doi.org/10.1248/  26. Puig-Barberd J, Mdrquez-Calderén S, Masoliver-Fores
from 3 health plans. ] Infect Dis 2001; 184:665-70; yakushi.131.1733. A, Lloria-Paes F Ortega-Dicha A, Gil-Martin M,
PMID:11517426; hutp://dx.doi.org/10.1086/323085. 1 i jine k. Valenciano M, Cohen JM, Orosti B, et al. Reduction in hospital admissions for pneu-

6. Nichol KL, Nordin JD, Nelson DB, Mullooly JP, Hak Barret AS, Rizzo C, et al. -lMOVE multi-centre case monia in non-institutionalised elderly people as a
E. Effectiveness of influenza vaccine in the community- control study 2010-11: overall and stratified estimates result of influenza vaccination: a case-control study in
dwelling elderly. N Engl J Med 2007; 357:1373- of influenza vaccine effectiveness in Europe. PLoS Spain. ] Epidemiol Community Health 1997; 51:526-
81; PMID:17914038;  hrep://dx.doi.org/10.1056/ One 2011; 6:¢27622; PMID:22110695; hetp://dx.doi. 30; PMID:9425463; hrtp://dx.doi.org/10.1136/
NE]Moa070844. org/10.1371/journal.pone.0027622. jech.51.5.526.

7. Fiore AE, Shay DK, Broder K, Iskander JK, Uyeki 13 Fjsman DN, Tuite AR. Estimation of the health ~ 27. Herrera GA, Iwane MK, Cortese M, Brown C,
TM, Mootrey G, et al.; Centers for Disease Control impact and cost-cffectiveness of influenza vaccina- Gershman K, Shupe A, et al. Influenza vaccine effective-
and Prevention (CDC); Advisory Committee on tion with enhanced effectiveness in Canada. PLoS ness among 50-64-year-old persons during a season of
Immunization Practices (ACIP). Prevention and con- One 2011; 6:¢27420; PMID:22110645; hetp://dx.doi. poor antigenic match between vaccine and circulating
trol of influenza: recommendaions of the Advisory org/10.1371/journal.pone.0027420. influenza virus strains: Colorado, United States, 2003-
Committee on Immunization Practices (ACIP), 19. Puig-Barbera J, Diez-Domingo J, Pérez Hoyos S, 2004. Vaccine 2007; 25:154-60; PMID:17064823;
2008. MMWR Recomm Rep 2008; 57(RR-7):1-60; Belenguer Varea A, Gonzilez Vidal D. Effectiveness http://dx.doi.org/10.1016/j.vaccine.2006.05.129.
PMID:18685555. of the MF59-adjuvanted influenza vaccine in pre-  28. Fedson DS, Wajda A, Nicol JB Hammond GW,

8. World Health Organization. Vaccine use. http://www. venting emergency admissions for pneumonia in the Kaiser DL, Roos LL. Clinical effectiveness of influ-
who.int/influenza/vaccines/use/en/ elderly over 64 years of age. Vaccine 2004; 23:283-9; enza vaccination in Manitoba. JAMA 1993; 270:1956;

9. Thijs C, Beyer WE, Govaert PM, Sprenger MJ, Dinant PMID:15530669;  http://dx.doi.org/10.1016/j.vac- PMID:8182809; htep://dx.doi.org/10.1001/
GJ, Knottnerus A. Mortality benefits of influenza ine.2004.07.017. jama.1993.03510160074032.
vaccination in elderly people. Lancet Infect Dis 2008; 5 Puig-Barbera J, Dfez-Domingo J, Varea AB, Chavarri ~ 29. Ahmed AH, Nicholson KG, Nguyen-van Tam ]S,
8:460-1, author reply 463-5; PMID:18652989; http:// GS, Rodrigo JA, Hoyos SP, et al. Effectiveness of Pearson JC. Effectiveness of influenza vaccine in reduc-
dx.doi.org/10.1016/S1473-3099(08)70161-0. MF59-adjuvanted subunit influenza vaccine in pre- ing hospital admissions during the 1989-90 epidemic.

10. Chiatti C, Barbadoro B Lamura G, Pennacchietti L, venting hospitalisations for cardiovascular disease, Epidemiol Infect 1997; 118:27-33; PMID:9042032;
Di Stanislao E D’Errico MM, et al. Influenza vaccine cerebrovascular discase and pneumonia in the elderly. http://dx.doi.org/10.1017/S0950268896007121.
uptake among community-dwelling Italian elderly: Vaccine 2007; 25:7313-21; PMID:17889411; htep:// 30. Ohmit SE, Monto AS. Influenza vaccine effectiveness

results from a large cross-sectional study. BMC Public
Health 2011; 11:207; PMID:21457562; http://dx.doi.
org/10.1186/1471-2458-11-207.

www.landesbioscience.com

dx.doi.org/10.1016/j.vaccine.2007.08.039.

Human Vaccines & Immunotherapeutics

in preventing hospitalization among the elderly during
influenza type A and type B seasons. Int J Epidemiol
1995; 24:1240-8; PMID:8824869; http://dx.doi.
0rg/10.1093/ije/24.6.1240.

151



31.

32.

33.

34,

35.

36.

37.

152

Mullooly JP, Bennett MD, Hornbrook MC, Barker
WH, Williams WW, Patriarca PA, et al. Influenza vac-
cination programs for elderly persons: cost-effectiveness
in a health maintenance organization. Ann Intern Med
1994; 121:947-52; PMID:7978721.

Foster DA, Talsma A, Furumoto-Dawson A, Ohmit
SE, Margulies JR, Arden NH, et al. Influenza vaccine
effectiveness in preventing hospitalization for pneumo-
nia in the elderly. Am J Epidemiol 1992; 136:296-307;
PMID:1415151.

Nichol KL, Baken L, Nelson A. Relation between
influenza vaccination and outpatient visits, hospital-
ization, and mortality in elderly persons with chronic
lung disease. Ann Intern Med 1999; 130:397-403;
PMID:10068413.

Talbot HK, Griffin MR, Chen Q, Zhu Y, Williams
JV, Edwards KM. Effectiveness of seasonal vaccine in
preventing confirmed influenza-associated hospitaliza-
tions in community dwelling older adults. J Infect
Dis 2011; 203:500-8; PMID:21220776; htep://dx.doi.
0rg/10.1093/infdis/jiq076.

Gross PA, Hermogenes AW, Sacks HS, Lau J,
Levandowski RA. The efficacy of influenza vaccine
in elderly persons. A meta-analysis and review of
the literature. Ann Intern Med 1995; 123:518-27;
PMID:7661497.

Vu T, Farish S, Jenkins M, Kelly H. A meta-analysis
of effectiveness of influenza vaccine in persons aged
65 years and over living in the community. Vaccine
2002; 20:1831-6; PMID:11906772; http://dx.doi.
0rg/10.1016/50264-410X(02)00041-5.

Jefferson T, Rivetti D, Rivetti A, Rudin M, Di
Pietrantonj C, Demicheli V. Efficacy and effectiveness
of influenza vaccines in elderly people: a systematic
review. Lancet 2005; 366:1165-74; PMID:16198765;
heep://dx.doi.org/10.1016/S0140-6736(05)67339-4.

38.

39.

40.

41.

42.

43.

44.

Bridges CB, Katz JM, Levandowski RA, Cox NJ.
Inactivated influenza vaccines. In: Plotkin SA,
Orenstein W, Offit P, eds. Vaccines. Fifth Edition.
Philadelphia: Saunders Elsevier, 2008:1259-91.
Jefferson T, Di Pietrantonj C, Al-Ansary LA, Ferroni
E, Thorning S, Thomas RE. Vaccines for preventing
influenza in the elderly. Cochrane Database Syst Rev
2010; CD004876; PMID:20166072.

INFLU CIRL. Influenza Surveillance System. Available
at heep://www.influciri.it

Hancock K, Veguilla V, Lu X, Zhong W, Butler EN,
Sun H, et al. Cross-reactive antibody responses to the
2009 pandemic HINT1 influenza virus. N Engl ] Med
2009; 361:1945-52; PMID:19745214; http://dx.doi.
0rg/10.1056/NEJM0a0906453.

Roman E Vaman T, Kafeja E Hanon E, Van Damme
P AS03(A)-Adjuvanted influenza A (HIN1) 2009
vaccine for adults up to 85 years of age. Clin Infect
Dis 20105 51:668-77; PMID:20687838; http://dx.doi.
o1g/10.1086/655830.

Gasparini R, Schioppa F, Lattanzi M, Barone M, Casula
D, Pellegrini M, et al. Impact of prior or concomitant
seasonal influenza vaccination on MF59-adjuvanted
HIN1v vaccine (Focetria) in adult and elderly subjects.
Int J Clin Pract 2010; 64:432-8; PMID:20039974;
htep://dx.doi.org/10.1111/j.1742-1241.2009.02309.x.
Italian Health Ministry. Prevention and control of
influenza- recommendations for the 20102011 season.
Available at www.salute.gov.it/influenza/influenza.jsp.

Human Vaccines & Immunotherapeutics

45.

46.

47.

48.

49.

50.

McCullers JA, Bartmess KC. Role of neuramini-
dase in lethal synergism between influenza virus
and Streptococcus pneumoniae. J Infect Dis 2003;
187:1000-9;  PMID:12660947;  http://dx.doi.
0rg/10.1086/368163.

Demografie in cifre. Available at http://demo.istat.it/
pop2010/index.html

Gasparini R, Amicizia D, Lai PL, Panatto D. Clinical
and socioeconomic impact of seasonal and pandemic
influenza in adults and the elderly. Hum Vaccin
Immunother 2012; 8:21-8; PMID:22252007.

Lai PL, Panatto D, Gasparini R. A pharmacoeco-
nomic appraisal of the strategy to tackle the HIN1v (A/
California/07/09) pandemic in Italy: relevance of the
CIRI-IV surveillance system. ] Prev Med Hyg 2011;
52:142-3; PMID:22010545.

Kleinbaum DG, Klein M. Logistic Regression. A Self-
Learning Text, Second edition. In: Statistics for Biology
and Health. New York, Springer Publishing, 2002:1-
59.

Rothman KJ, Greenland S, Lash TL. Modern epide-
miology, Second Edition. Philadelphia, PA. Lippincott
Williams & Wilkins Publishing, 2008:111-28.

Volume 9 Issue 1



