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bstract

Annual circulation of influenza virus coincides with a peak in cardiovascular and pneumonia mortality/morbidity. This study aimed to
etermine the effectiveness of MF59TM-adjuvanted subunit influenza vaccine in preventing hospitalisation due to acute coronary syndrome
ACS), cerebrovascular accident (CVA) and pneumonia in the elderly. Three case–control studies were performed during the 2004–2005
nfluenza season in three health districts in Valencia, Spain (total elderly [>64 years of age] population: n = 105,454). Controls were patients
dmitted for an acute surgical process or trauma within 10 days of case admission. In total, 159 patients were hospitalised for ACS, 148
or CVA and 242 for pneumonia. The risk of hospitalisation after the start of the influenza season was significantly lower in vaccinated

atients compared with non-vaccinated patients (adjusted odds ratios: 0.13 [P = 0.013] for ACS; 0.07 [P = 0.007] for CVA; 0.31 [P = 0.005]
or pneumonia). During peak virus circulation, vaccination with MF59TM-adjuvanted subunit influenza vaccine was associated with an 87%
elative risk reduction in hospitalisation for ACS, 93% for CVA, and 69% for pneumonia.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Annual circulation of the influenza virus coincides with
significant seasonal increase in morbidity and mortality,

esulting from both the symptoms of influenza itself and
rom other associated illnesses. For example, one study has

stimated a rate of 115 hospitalisations per 100,000 person-
ears for circulatory and respiratory illness associated with
nfluenza [1]. This rate rose dramatically with age, ranging
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rom 230 in patients aged 65–69 years to 1669 in the ≥85
ears of age group. Other studies have shown that mortality
rom ischaemic heart disease, acute myocardial infarction,
erebrovascular disease, diabetes, cardiorespiratory disease
nd chronic obstructive pulmonary disease (COPD) was
ssociated with influenza [2–4]. Again, mortality was sub-
tantially higher in the elderly [2,4]. Such observations have
ed some authors to suggest that influenza is the singular cause
f the increase in seasonal morbidity and mortality [2].

Despite the elderly being at increased risk of developing

nfluenza-related complications, a considerable percentage
emains unvaccinated [5], and the effectiveness of conven-
ional influenza vaccines is substantially lower in this age
roup compared with young adults [6]. Furthermore, the abil-
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ty to mount an effective immune response against infection
radually wanes with age [7]. Adjuvanted influenza vaccines
re currently being developed, which aim to improve the
ffectiveness of influenza vaccines in the elderly.

MF59TM, a novel adjuvant, was first approved for human
se in 1997 [8]; the MF59TM adjuvant is an oil-in-water emul-
ion containing the naturally occurring squalene oil, and as
uch, is a biodegradable and biocompatible adjuvant [8]. It is
hought to act by recruiting and activating antigen-presenting
ells at the injection site, thus increasing their capacity to
apture, transport and process the co-administered antigens
9]. To date, more than 23 million doses of the MF59TM-
djuvanted subunit influenza vaccine have been distributed
9].

Vaccination with MF59TM-adjuvanted subunit influenza
accine results in an enhanced immune response in the elderly
nd in subjects with underlying chronic disease, compared
ith a non-adjuvanted vaccine [10,11]. Furthermore, a het-

rotypic immune response is observed, demonstrating the
accine’s ability to confer protection against a broader range
f influenza virus strains [12–14]. The MF59TM-adjuvanted
ubunit influenza vaccine has shown higher clinical efficacy
ompared with conventional vaccines [15] and has been asso-
iated with a reduced risk of hospitalisation for pneumonia
n non-institutionalised elderly subjects [16].

The MF59TM-adjuvanted subunit influenza vaccine was
sed by the public health service of the Valencia Autonomous
egion to vaccinate the elderly during the 2004–2005

nfluenza season. In this study, we have estimated the vac-
ine’s effectiveness in reducing the risk of hospitalisation for
cute coronary syndrome (ACS), cerebrovascular accident
CVA) and pneumonia associated with the seasonal increase
n influenza virus circulation.

. Methods

Three case–control studies were performed in the elderly
>64 years of age) population from three health districts in the
alencia Autonomous Region, Spain (total number of elderly

esidents in these districts: n = 105,454 at 31 December
004), where MF59TM-adjuvanted subunit influenza vaccine
as used. Subjects not using the public health service may
ave been vaccinated with a different influenza vaccine. The
isk of hospitalisation for ACS, CVA or pneumonia was eval-
ated for patients who had received MF59TM-adjuvanted
ubunit influenza vaccine (FLUAD®/Chiromas®, Novartis
accines) and for those who had not been vaccinated against

nfluenza. The protocol was approved by the research ethics
ommittees of the participating hospitals.

.1. Inclusion criteria
Incident cases for each disease were identified from
ll consecutive emergency hospitalisations following their
dmission between 15 November 2004 and 31 March 2005

m
w
h
l
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17]. Diagnoses were made according to the International
lassification of Diseases, 9th version, Clinical Modification

or ACS (410–411.89 and 413), CVA (431–436) or pneumo-
ia (480–487). Only non-institutionalised patients who were
64 years of age, had lived in the hospital catchment area for

he previous 6 months, were able to give informed consent,
nd remained in hospital for at least 72 h were included in the
tudy.

Each case was paired with one or two controls, matched
or hospital and gender. Controls were recruited according
o the same inclusion criteria as cases, following emergency
ospitalisations for an acute surgical process or trauma. The
dmission date for controls was matched to the case admis-
ion date, preferably being the same day, and with a maximum
nterval of 10 days.

.2. Exclusion criteria

Exclusion criteria were: inability to communicate and give
onsent; unwillingness to participate; being under routine
are in a private facility; or having a known allergy to egg
rotein.

.3. Data collection

Once written consent was obtained, data were collected
y trained field researchers through a review of emergency
ecords, clinical history, face-to-face closed question inter-
iews and consultation of population registers.

.3.1. Vaccination status
Patients were considered vaccinated if they could remem-

er the month and year of vaccination and the nurse who
dministered it, and if the period since vaccination was more
han 15 days. The information was validated by comparison
ith the population vaccination register; in the case of dis-

repancy, details provided by the vaccination register were
aken as valid.

.3.2. Study variables (potential confounding factors)
The following variables were recorded: presence of car-

iovascular disease, COPD, asthma, diabetes mellitus, renal
mpairment, liver disease or neoplasia; regular treatment with
ypertensives, antiplatelet agents, anticoagulants, hypolipi-
aemic agents or insulin prior to admission; blood pressure;
moking habits; level of social interaction; number of hospi-
al admissions in the year prior to study inclusion; number
f health centre or home visits in the 3 months prior
o study inclusion; whether the patient lived with other
eople; and whether their usual caregiver had been vacci-
ated against influenza. Patients were also asked whether
hey had received pneumococcal vaccine, with the infor-
ation validated as for influenza vaccination. Dependence
as evaluated using the Barthel index which measures
ow well a person functions independently in their daily
ife.
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.3.3. Influenza virus circulation and circulating strains
Evolution of the influenza outbreak in Valencia during

he 2004–2005 influenza season was evaluated by epi-
emiological week, from the rate of influenza-like illness
ILI) per 100,000 residents [18]. The relevant circulating
nfluenza virus strains and their isolation frequency were
hose described by the European Influenza Surveillance
cheme [19].

.4. Data analysis

A multivariate conditional logistic regression model was
sed to estimate the odds ratio (OR) of becoming a case
fter vaccination compared with non-vaccination. Poten-
ial confounding factors were included in the model; the

odel also accounted for indication bias whereby some
ubjects have a higher probability than others of being
accinated.

All analyses were performed with Version 9.1 of the
TATA statistical programme (Stata Corp., College Station,
exas, USA).

.4.1. Distribution of study variables (potential
onfounding factors)

Numerous variables were identified as potential confound-
ng factors (Section 2.3.2), and the frequency distribution of
ach variable was calculated for cases and controls. The dis-
ribution homogeneity was compared with the strength and
irection of each variable in each population by fitting a con-
itional bivariate logistic regression model to obtain the OR.
he 95% confidence interval (CI) for the OR was calculated

rom the standard error estimated by the model. Where the CI
oes not include 1, a statistically significant association exists
etween the variable and the likelihood of a person being a
ase; values >1 signify that the variable is more likely to occur
n a case.

.4.2. Indication bias—calculation of propensity scores
Indication bias is a potential weakness in the analysis of

accination effectiveness; individuals with certain risk factors
an have a higher or lower probability of being vaccinated,
hich can confound the results of the analysis. Inclusion of
propensity score in the analysis of effectiveness is a well-

stablished method to control for this potential bias [20,21].
he propensity score gives an estimate of the probability

hat a person would be vaccinated, given their risk factor
rofile.

In these studies, propensity scores were obtained by means
f a logistic regression model which included variables
hat were statistically associated with vaccination, previ-
usly identified using bivariate analysis. The model was
hen adjusted using the stepwise method that eliminated all

ariables with a P-value of ≥0.10. The Hosmer–Lemeshow
est was used to assess the propensity score goodness of
t, and its ability to discriminate was analysed by calcula-

ion of the area under the receiver operating characteristics

a
t
p
c
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ROC) curve. Equal distribution among cases and con-
rols was verified using the Kruskal–Wallis non-parametric
est.

.4.3. MF59TM-adjuvanted subunit influenza vaccine
ffectiveness

The OR of becoming a case after vaccination with
F59TM-adjuvanted subunit influenza vaccine compared
ith non-vaccination was estimated for each study using con-
itional multivariate logistic regression models; an OR <1
ignifies that a person was less likely to become a case if they
ad been vaccinated.

The data were adjusted for the likelihood of vaccination
propensity score) and other previously defined confound-
ng factors. The following criteria were applied to fit the

odels: (a) vaccination status was forced to be present
n all adjusted models; (b) propensity score was initially
ncluded but when the propensity score did not fit the data
nd therefore did not contribute to improving estimates it
as eliminated from the model (c) when the propensity

core remained in the model, only variables not included
n the estimation of the propensity score were consid-
red for addition to the model; (d) if the propensity score
id not fit the data, variables were sequentially included
o improve the estimate of vaccine effectiveness, with a
-value of <0.10 or a change of 10% or more in the esti-
ated effect of vaccination considered as an improvement;

e) estimated OR were plotted against the epidemiological
eriod and the best fits, with the smallest CI range, were
btained; (f) plausibility and parsimony were taken into
ccount.

.5. Prevention of cases with MF59TM-adjuvanted
ubunit influenza vaccine

As the sample was of incident cases and the frequency
f each disease in the population was <10%, the OR can
e accepted as a non-biased relative risk estimator [22].
his enables the impact of vaccination to be estimated as
fraction of the illness prevented by the vaccine, through

he expression 1–OR [23]. The absolute reduction in the
umber of admissions for each outcome as a result of vac-
ine exposure is the difference between the incidence in
xposed patients (p1) minus the incidence in non-exposed
atients (p2). Both parameters were estimated from the
ncidence rate in the general population during the study
eriod (p), with the numerator being all cases detected in
he non-institutionalised population, and the denominator
eing the census of elderly subjects. The vaccine cover-
ge rate (e) for the general population was assumed to be
qual to that of the controls. Thus p2 and p1 are calculated
ccording to the following equations: p2 = p/[rt*e + (1 − e)]

nd p1 = rt*p2 [24] where rt is the OR. The inverse of
he difference between the two rates gives the number of
eople needed to vaccinate in order to prevent a single
ase.
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Table 1
Age and influenza vaccination status of patients hospitalised for acute coronary syndrome, cerebrovascular accident or pneumonia and their controls, and
influenza vaccination status of their caregivers

Cases Controls P

Acute coronary syndrome (cases, n = 144; controls, n = 258)
Mean age, years (S.D.) 75.7 (6.8) 78.8 (7.6) <0.001
Influenza-vaccinated, n (%) 114 (79.2) 181 (70.2) 0.05
Usual caregiver influenza-vaccinated, n (%) 73 (50.7) 101 (39.2) 0.025

Cerebrovascular accident (cases, n = 134; controls, n = 246)
Mean age, years (S.D.) 76.9 (6.7) 79.4 (7.4) 0.002
Influenza-vaccinated, n (%) 91 (67.9) 184 (74.8) 0.320
Usual caregiver influenza-vaccinated, n (%) 59 (44.0) 83 (33.7) 0.037

Pneumonia (cases, n = 198; controls, n = 321)
Mean age, years (S.D.) 78.5 (7.3) 78.5 (7.4) 0.928
Influenza-vaccinated, n (%) 150 (76.1) 251 (78.2) 0.580
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Usual caregiver influenza-vaccinated, n (%) 9

I = confidence interval; S.D. = standard deviation.

. Results

.1. Patients included

During the study period there were 159 hospitalisations
or ACS, 148 for CVA and 242 for pneumonia that met the
nclusion criteria. After consideration of the exclusion crite-
ia, 144 (90.6%) cases admitted for ACS, 134 (90.5%) for
VA, and 198 (81.8%) for pneumonia were included in the

tudy. The main reasons for exclusion were a lack of consent
r suitable controls. Cases were unique for each study.

A total of 75.2% and 78.1% of vaccinated cases and
ontrols, respectively (P = 0.314), were vaccinated and on
he population register. Of these, all cases and 99.73% of
ontrols had received MF59TM-adjuvanted subunit influenza
accine. As the type of vaccine used cannot be determined for
hose subjects who were not registered, we have taken these
roportions to represent the entire data set as the MF59TM-
djuvanted subunit influenza vaccine was the vaccine used by
he Valencia Autonomous Region during the study period.

.2. Distribution of study variables (potential
onfounding factors)
Details of the distribution of study variables for all three
ndications are given in the supporting tables and Table 1.
or ACS and CVA, there were some statistically significant

0
2
h
w

able 2
isk (odds ratio and adjusted odds ratio) of hospitalisation for acute coronary syndr
F59TM-adjuvanted subunit influenza vaccine

Epidemiological week, 2005 Odds ratio (95% CI)

CS 7–14 0.89 (0.37–2.08)
VA 3–10 0.66 (0.31–1.40)
neumonia 2–12 0.73 (0.40–1.35)

CS = acute coronary syndrome; CVA = cerebrovascular accident; CI = confidenc
ropensity score, ≥3 cardiovascular risk factors. CVA: age, smoking habits, COPD,
ith a hyperlipidaemic agent and Barthel index. Pneumonia: age, COPD status, p
accination, Barthel index, number of home visits and vaccination status of the car
138 (43.0) 0.141

ifferences between cases and controls with respect to age
nd vaccination status of the patient and caregiver; no such
ifferences were observed for pneumonia (Table 1). Details
f which variables were included in each analysis are given
elow.

.3. MF59-adjuvanted influenza vaccination
ffectiveness: ACS

The calculated propensity score showed a good fit to
he data (Hosmer–Lemeshow test, P = 0.6; area under ROC
urve = 0.86) and had a significantly different distribution
etween cases and controls (P = 0.008). The propensity score
as therefore included in the multivariate analysis, as was the
umber of cardiovascular risk factors. While other factors
iffered between cases and controls, they did not con-
ribute to a better fit of the model and were therefore not
ncluded.

In the period prior to the influenza season (epidemio-
ogical weeks 47–52, 2004), subjects vaccinated with the

F59TM-adjuvanted subunit influenza vaccine showed a
ajor, but not significant, risk of hospitalisation with ACS

ompared with non-vaccinated subjects (OR 2.61; 95% CI

.63–10.76). However, during epidemiological weeks 7–14,
005, following the peak of influenza circulation, the risk of
ospitalisation with ACS was reduced in subjects vaccinated
ith the MF59TM-adjuvanted subunit influenza vaccine com-

ome, cerebrovascular accident and pneumonia in subjects who had received

P Adjusted odds ratio (95% CI) P

0.786 0.13 (0.03–0.65) 0.013
0.276 0.07 (0.01–0.48) 0.007
0.324 0.31 (0.14–0.71) 0.005

e interval. The analysis was adjusted for the following variables: ACS:
systolic blood pressure ≥160 mmHg, transient ischaemic attacks, treatment
resence of cardiopathy, diabetes mellitus, smoking habits, pneumococcus

egiver.
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ared with non-vaccinated subjects (adjusted OR 0.13; 95%
I 0.03–0.65) (Table 2). Fig. 1 shows the evolving cumulative
ffect of influenza vaccination, by epidemiological week, in
elation to influenza virus circulation, with the adjusted OR
eclining as the rate of ILI increases.

.4. MF59TM-adjuvanted influenza vaccination
ffectiveness: CVA
The calculated propensity score showed a good fit to
he data (Hosmer–Lemeshow test, P = 0.682; area under
OC curve = 0.85), however, its distribution did not dif-

er significantly between cases and controls. Therefore, it

a
c
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ig. 2. Evolution of the risk (adjusted odds ratio for each week estimated from the m
ccident accounting for vaccination with the corresponding incidence of influenza-
model described in the text and in Table 2) of admission for acute coronary
-like illness (ILI) in the 2004–2005 season.

as not included in the multivariate analysis; age, smoking
abits, COPD, systolic blood pressure ≥160 mmHg, transient
schaemic attacks, treatment with a hyperlipidaemic agent
nd Barthel index were included in the model.

After adjustment for these variables, influenza vaccina-
ion did not alter the risk of hospitalisation with CVA when
nfluenza virus circulation was at a low level (epidemiolog-
cal weeks 47–51, 2004). However, beyond epidemiological
eek 52 in 2004, a trend towards a reduced risk was observed,
s shown by the evolving cumulative effect of influenza vac-
ination shown in Fig. 2. The reduced risk of CVA in subjects
accinated with MF59TM-adjuvanted subunit influenza vac-
ine (adjusted OR 0.07; 95% CI 0.01–0.48) coincided with

odel described in the text and in Table 2) of admission for cerebrovascular
like illness (ILI) in the 2004–2005 season.
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in preventing episodes of cardiac arrest, acute myocardial
infarction and cerebrovascular accident [25–30]. Inconclu-
sive results of other studies have been attributed to insufficient
sample size [31], or because of exclusion of patients in peri-

Table 3
Rate of emergency hospitalisations per 1000 elderly people (>64 years of
age) who were either vaccinated or not vaccinated with MF59TM-adjuvanted
subunit influenza vaccine, and number needed to vaccinate to prevent one
emergency admission for acute coronary syndrome (ACS), cerebrovascular
accident (CVA) or pneumonia

Emergency hospitalisation
rate per 1000 elderly people
(>64 years of age)

Number needed to
vaccinate to prevent
one emergency
admission
ig. 3. Evolution of the risk (adjusted odds ratio for each week estimated
ccounting for vaccination with the corresponding incidence of influenza-li

he peak intensity of influenza virus circulation in 2004–2005
uring epidemiological weeks 3–10, 2005 (Fig. 2; Table 2).

.5. MF59TM-adjuvanted influenza vaccination
ffectiveness: pneumonia

The propensity score did not show a good fit to the data
Hosmer–Lemeshow test, P = 0.039) and its distribution was
imilar between cases and controls (P = 0.63); it was there-
ore not included in the multivariate analysis. The analysis
as adjusted for age, COPD status, presence of cardiopathy,
iabetes mellitus, smoking history, pneumococcus vaccina-
ion, Barthel index, number of home visits and vaccination
tatus of the caregiver.

Prior to the onset of the influenza season, the adjusted OR
f being hospitalised for pneumonia associated with influenza
accination was not significant (OR 0.88; 95% CI 0.55–1.39)
Fig. 3). However, during peak influenza virus circulation
epidemiological weeks 2–12, 2005), receipt of influenza
accine reduced the risk of hospitalisation with pneumonia
OR 0.31; 95% CI 0.14–0.71) (Table 2). Fig. 3 shows the
volving cumulative effect of influenza vaccination, by epi-
emiological week, in relation to influenza virus circulation,
ith the adjusted OR declining as the rate of ILI increases.

.6. Effectiveness of MF59TM-adjuvanted subunit
nfluenza vaccine in preventing cases of ACS, CVA and
neumonia

During the period of influenza virus circulation, the

stimated effectiveness of the MF59TM-adjuvanted subunit
nfluenza vaccine in preventing emergency hospitalisations
or ACS was 87% (95% CI 35–97%); for CVA, 93% (95%
I 52–99%); and for pneumonia, 69% (95% CI 29–86%).

A
C
P

e model described in the text and in Table 2) of admission for pneumonia
ss (ILI) in the 2004–2005 season.

For all three diseases, the hospitalisation rates were higher
or elderly people who had not received the MF59TM-
djuvanted subunit influenza vaccine (Table 3). Finally,
n order to prevent one emergency admission for ACS,
VA and pneumonia, the number of elderly people who
eeded to be vaccinated was 1073, 639 and 567, respectively
Table 3).

. Discussion

In these case–control studies, receipt of an MF59TM-
djuvanted subunit influenza vaccine was associated with
reduced risk of emergency admission for ACS, CVA or

neumonia in the elderly (>64 years of age).
The findings of this study are consistent with other recently

ublished studies regarding influenza vaccine effectiveness
Non-vaccinated Vaccinated

CS 1.07 0.14 1073
VA 1.68 0.12 693
neumonia 2.55 0.79 567
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ds of increased risk, which weakens the vaccination effect
32].

In this study, data were obtained from a broad, general pop-
lation and the estimates were adjusted to the epidemic wave,
esulting in improved accuracy [33]. The lack of effect in
eriods prior to influenza virus circulation supports a poten-
ially protective effect of the MF59TM-adjuvanted subunit
nfluenza vaccine in preventing hospitalisations for cardio-
ascular and cerebrovascular events and pneumonia, and
upports the positive findings of previous studies.

However, the possibility of selection, classification, con-
ounding and indication bias [17,20] must be taken into
ccount, as well as the epidemiological and biological plau-
ibility of the results; these factors are discussed below.

A sample of incident cases was created in which cases and
ontrols were identified through the daily revision of admis-
ion lists, without previous knowledge of vaccination status.
he cases and controls met the same inclusion and exclusion
riteria, and were matched according to geographical area of
esidence, hospital and case admission date. These factors
nsured that the probability of being detected and included
n the study was comparable for cases and controls and made
election bias less likely [17].

Information on admission diagnosis, comorbidity,
ntecedents and risk factors was obtained in the same
anner for both cases and controls, and validated from

linical records and follow-up of the diagnostic episode.
he presence of recall bias can be rejected as both cases and
ontrols were hospitalised for acute processes and were not
ware of the purpose of the study. However, the presence
f residual confounding bias due to the generic definition
f comorbidity must be assumed. Multivariate analysis was
erformed in an attempt to reduce this bias, together with an
xploration of other factors directly or indirectly associated
ith comorbidity such as age, vaccination status of the

aregiver, smoking habits, the Barthel index and the use of
ealth services.

Vaccination history was verified blindly using a popu-
ation vaccination register. During this process, data were
btained on the date, batch and type of vaccine administered.
egistration frequency was similar in vaccinated cases and
ontrols 63% and 64%, respectively. The percentage of all
ncluded cases and controls that were actually vaccinated and
ere also registered was 75.21% and 78.05% (P = 0.314),

espectively. Of these, 100% of cases and 99.73% of con-
rols were vaccinated with the MF59TM-adjuvanted subunit
nfluenza vaccine. The type of vaccine received was certi-
ed by data, including batch, and commercial name, in the
opulation-wide vaccination register. Thus, we can conclude
hat the same proportions can be imputed to the remaining
on-registered subjects, as the fact of being registered was
holly independent of the study goals or methods, and of the
nclusion criteria. Any classification bias due to the use of
on-adjuvanted vaccine was therefore either nil, or would
ct against the effectiveness of the MF59TM-adjuvanted
accine.

i
s
e
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As discussed earlier, indication bias can be associated
ith estimates of vaccination effectiveness [20]. Patients with

isk factors associated with selected pathologies may have a
igher or lower probability of being vaccinated, which would
onfound the vaccination effect. In order to correct this, an
djusted analysis was performed using conditional logistic
egression, the first stage of which explored the contribution
f the propensity score to improving the fit of the model.
he propensity score assigned each subject with a condi-

ional probability of having been vaccinated, according to
heir characteristics. The fit of the propensity score to the data
as verified and its calibration and discrimination capacity

valuated. The propensity score was used as a categorical
ariable in the multivariate model, thereby guaranteeing the
obustness of the results [21]. When the propensity score did
ot fit the data and therefore did not contribute to improving
stimates, an adjustment was made according to comorbidity
ariables and the variables relating to residual confounding
ias.

After taking confounding factors into account, a pro-
ective effect of the MF59TM-adjuvanted subunit influenza
accine on hospitalisations for cardiovascular and cere-
rovascular events and pneumonia was observed. The
ffect was significant during periods of peak influenza
irus circulation and was not observed outside this period.
arious authors have reported the coincidence and tem-
oral association of the peak intensity of influenza virus
irculation with excess mortality, morbidity and hospital-
sations for cardiovascular disease and pneumonia [2,34].
he association of the MF59TM-adjuvanted subunit influenza
accine with a reduction in hospitalisations during this
eriod lends epidemiological plausibility to our findings
33].

Studies on the effect of influenza on vascular disease pro-
ression support the hypothesis of a relationship between
nfluenza infection and acute activation of atherosclerotic
esions, a precursor to acute thrombotic vascular events.
or example, in mice prone to atherosclerosis, influenza

nfection causes major alterations in atherosclerotic plaques,
ith infiltration of inflammatory cells [35]. Furthermore, the

ynergism between influenza infection and a greater suscep-
ibility to Streptococcus pneumoniae is well established [36].
everal potential mechanisms for the role of influenza infec-

ion in the progression of atherosclerotic disease have been
uggested, including: production of auto-antibodies to mod-
fied low density lipoprotein and other auto-antigens; direct
essel wall colonisation that may initiate a local autoimmune
eaction; and molecular mimicry whereby structural simi-
arity between influenza viral antigens and self-antigens may
timulate an atherogenic autoimmune reaction, leading to ini-
iation, progression or destabilisation of atherogenic plaques
37,38].
Finally, these findings were obtained during a season
n which A/H3N2 isolations predominated. The isolated
trains were initially similar to A/Wellington/1/2004; how-
ver, as the outbreak progressed, the isolates became similar
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o A/California/7/2004. Both of these strains were distin-
uishable from the strain included in the season’s vaccine,
hich was similar to A/Fujian/411/2002 [19]. Hence, these

esults additionally support the previously described ability
f MF59TM-adjuvanted subunit influenza vaccine to stimu-
ate heterotypic immunity [12,13].

. Conclusions

These results suggest that MF59TM-adjuvanted influenza
accination is associated with a significant reduction in the
isk of hospitalisation for ACS, CVA and pneumonia dur-
ng the period of influenza virus circulation. Such results
re consistent with the findings of other studies in differ-
nt populations and influenza seasons. The results are both
pidemiologically and biologically plausible, and confirm
eports that a relationship may exist between influenza virus
nfection and the development of acute cardiovascular and
erebrovascular events, and pneumonia. Annual vaccination
gainst influenza can contribute to a substantial decrease
n cardiovascular, cerebrovascular and pneumonia morbid-
ty associated with influenza virus infection, in a population
f people who are at increased risk of infection due to their
aning immune system. Given that traditional risk factors

ail to identify many patients at risk of suffering cardiovas-
ular and cerebrovascular events [39] and that the elderly
re at an increased risk of pneumonia, the findings from our
ase–control studies support recommendations for the gener-
lised use of MF59TM-adjuvanted subunit influenza vaccine
n the elderly (>64 years of age) even when no additional risk
actors are present.

ppendix A. Supplementary data

Supplementary data associated with this article can be
ound, in the online version, at doi:10.1016/j.vaccine.2007
08.039.
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