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ABSTRACT

Seasonal influenza is an important cause of morbidity and mortality, particularly among the elderly
population. Determinants of vaccination uptake and its impact on health outcomes in the seasons 2014/
2015-2016/2017 in elderly living in Treviso area (Veneto Region, North-Eastern Italy) were evaluated.
A retrospective cohort study was conducted combining information from several health administrative
databases, and multiple Poisson regression models were applied to evaluate the influenza vaccine
effectiveness, also adjusting for confounding factors. MF59-adjuvanted trivalent-inactivated vaccine
was mainly administered. Data from more than 83,000 elderly people were analyzed by year. Vaccine
coverage was about 50%; influenza vaccination uptake was independently associated with older age,
male sex, increasing number of underlying chronic conditions, previous pneumococcal vaccination,
annual expenses for specialist medical cares, and general practitioner to whom the elderly was in
charge. After adjusting for previously described characteristics, vaccination was associated with lower
mortality and influenza-related hospitalization rates. Specifically, during influenza season the adjusted
incidence rate ratio of death and of influenza-related hospitalizations for vaccinated compared to
unvaccinated persons was 0.63 [95% confidence interval (Cl) 0.58-0.69, p < .001] and 0.86 (95% Cl
0.81-0.91, p < .001), respectively. A similar effectiveness was estimated for death in all age groups (<74,
75-84, =85 years old), whereas a higher effect was found for hospitalizations in subjects aged =75 years
old. Vaccination was also effective both in males and females. Findings suggest a health benefit of the
influenza vaccination in the elderly population. Efforts should be focused on strategies to increase the
vaccination uptake as important instrument of prevention.
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elderly people.” As a consequence, despite the Council of the
European Union and the World Health Organization (WHO)
recommended to annually vaccinate elderly people,*” influ-
enza vaccine coverage in this group remained below the 75%,
target in most European countries.® In Italy, a decreasing
trend in the vaccine coverage was observed since 2008/09,
and in the last seasons, it was around 50% in elderly
people,” despite the recommendation of the Italian Ministry
of Health through the National Vaccination Prevention Plan
and the recommendations for influenza prevention published
every season.'’

Another important aspect is that the vaccines developed to
protect against seasonal influenza illness are updated
every year in an effort to match the influenza A (B) vaccine
strain with currently circulating viruses."' Indeed, influenza
viruses change rapidly due to antigenic drift so that vaccines
are reformulated and delivered annually, commonly through
seasonal campaigns. Licensed vaccines include inactivated or
live-attenuated influenza A (B) strains, with three or four
subtypes per vaccine.'? Since flu vaccines could be less effec-
tive in older than in younger adults, due to the weaker
immune responses to vaccination for an age-related decline

Introduction

Influenza is a serious public health problem and a significant
source of direct and indirect costs for the implementation of
control measures and management of cases and complica-
tions. Influenza virus results in annual epidemics, with
3-5 million cases of severe illness worldwide, and 290,000 to
650,000 respiratory deaths, most of them among elderly peo-
ple, defined as those aged 65 years and older.! Furthermore,
elderly population, and more specifically those with chronic
underlying conditions, are at increased risk for hospitalization
due to influenza complications.2 Indeed, influenza may
increase the severity of chronic lung diseases, and viral pneu-
monia due to influenza seems to predispose to myocardial
infarction and congestive heart failures.’

Vaccination is currently the most effective measure to
prevent influenza or to reduce its morbidity. However, the
need of evidence on vaccine effectiveness, its impact, and
value across target groups and among seasons continue to
generate a large discussion.* In addition, evidence of the
effectiveness of flu vaccine in preventing severe clinical out-
comes was recently described as low or very low among
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in immune function, strategies to enhance vaccine immuno-
genicity and overcome the limitations of immunosenescence
include the use of high antigen doses and the formulation of
vaccine with an adjuvant."

Until now, only few studies were performed in Italy, aimed at
assessing the effectiveness of influenza vaccination in reducing
mortality and hospitalization due to pneumonia or influenza
among elderly subjects, with heterogeneous results in terms of
percentage of protection,M’18 or even no effectiveness.'’

In this context, we performed a retrospective cohort study
to evaluate the vaccination coverage and its determinants, as
well as to estimate the influenza vaccine effectiveness (IVE) in
preventing deaths and hospital admissions in the elderly
population in a North-Eastern Italian Province of the
Veneto Region, during 2014/2015-2016/2017 seasons.

Methods
Setting

The study refers to people living in the area of Treviso province
(Treviso city, and other 36 municipalities, around 400,000 inha-
bitants (around 90,000 > 65 years old), half of the entire province)
in Veneto Region in the North-East of Italy. This is the area
covered by the ex-Local Health Unit (LHU) 9 and now part of
the LHU called ULSS (Unita Locale Socio Sanitaria) 2 — Marca
Trevigiana. LHU is the territorial unit into which Italian National
Health Service is divided. In 2017, LHUs in Veneto Region were
reorganized, and now the ULSS 2, which covers the entire Treviso
province, includes LHU 9 - Treviso, LHU 7 - Pieve di Soligo, and
LHU 8 - Asolo.

Influenza vaccination offer

Vaccination is offered free of charge to people aged 65 years
or older, to other individuals aged 6-months-64 years with
specific chronic conditions (such as diabetes, pulmonary and
cardiovascular diseases, renal dysfunctions, cancer, immuno-
deficiency), to pregnant women, to people working in public
services, and to healthcare workers. Vaccination campaigns
were performed between November 3™ and 28" in 2014,
November 9™ to December 4™ in 2015, and November 14™
to December 9™ in 2016. A single 0.5 mL dose of MF59-
adjuvanted trivalent-inactivated vaccine was usually adminis-
tered by general practitioners (GP) to their elderly patients.
This vaccine has been recommended for adults 65 years and
older by local health authority since the early 2000s. GPs are
required to return the unused vaccines to the LHU the follow-
ing week the date of the end of the campaign (28 November,
4 December, 9 December, in 2014, 2015 and 2016, respec-
tively); therefore, all subjects were immunized within mid-
december. Moreover, vaccinated subjects were identified by
GPs who captured influenza vaccination data (vaccination
date and type/brand of vaccine) through a process in which
data were initially recorded on paper and subsequently manu-
ally entered into a database. However, GP did not always
report the exact previous information on vaccination date
and vaccine type/brand, therefore he may have used other
non-adjuvanted trivalent/quadrivalent vaccines.

Study design and data sources

We performed a retrospective cohort study combining infor-
mation from several health administrative databases from the
LHU 9 of the Veneto Region. More specifically, different
health electronic databases were linked at the individual
level: (1) the influenza vaccination registry, to evaluate
whether the individual had been vaccinated before the influ-
enza season start; (2) the Veneto vaccination database, to
evaluate if the individual had received pneumococcal vaccina-
tion. Pneumococcal vaccination is administered in dedicated
LHU vaccination centers (together with all other offered vac-
cinations except for influenza), and the information is
recorded in the Regional Vaccination Registry; (3) the ACG
database (Adjusted Clinical Groups, The Johns Hopkins
ACG® System) containing information on comorbidities and
healthcare resource utilization.®*' In brief, for each indivi-
dual registered in Veneto Health Care Population Registry (a
compulsory registry for receiving universal coverage), data on
diagnoses, drugs, procedures and costs were retrieved from
the administrative healthcare databases routinely available in
the Veneto Region (ie., Hospital Discharge abstracts,
Emergency Room visits, Chronic disease registry for co-
payment exemptions, ambulatory visits and medications,
and the Home care database). With regard to drug expendi-
ture and usage, only drugs reimbursed by the Regional Health
Service were considered, as over-the-counter drug data were
not available. Costs were calculated on the basis of
a medications’ actual costs and of inpatient/outpatients. The
underlying chronic conditions were established using the
EDC (Expanded Diagnosis Clusters), which coincides with
clinical diagnoses that the ACG System assigns to single
patients by combining different information flows as
described above; (4) the Regional Hospital Discharge
Records, including also hospital admissions in other Italian
Regions, to assess dates of hospital admissions, main and
secondary clinical diagnoses of discharges and (5) the
Mortality database, to obtain date of death. For the latter,
specific causes of death were not available; therefore, only
death for all-causes was considered as outcome. Moreover, it
was not possible to collect information on the laboratory-
confirmed influenza cases.

Statistical analysis

All people aged 265 years old living in the municipalities of
the LHU 9, alive at December 15™ of each year (2014-2015-
2016) were included in the analysis. Residents in long-term
care facilities or assigned to a GP out of LHU 9 were excluded
from the analysis because it was not possible to establish if
they were or not vaccinated for influenza. Analyses were
performed both stratifying by season-year and pooling calen-
dar years. Influenza vaccination coverage was calculated as the
ratio between vaccinated and exposed elderly in the LHU at
December 15™ of each year. Data were stratified by the
following characteristics: sex, age groups (5-year interval
before 90 and >90 years old), number of underlying chronic
conditions (0, 1, 2, 3, >3), previous pneumococcal vaccination
(yes/no), annual expenses for specialist medical care (<300,



300-700, 700-1,700, 21,700 Euro, roughly corresponding to
the quartile values), and calendar year. Adjusted incidence
rate ratios (IRR) of being vaccinated were estimated by
a multi-level Poisson regression model,”” including all the
above-mentioned variables. GP was included as a random
effect first-level clustering variable; age and sex of the GP
were initially included as fixed effect but, given that they
were not significantly associated to the outcome, they were
not included in the model here reported.

To evaluate the IVE, two outcome measures were considered:
mortality rate (all-causes) and hospital admission rate (all-causes
and influenza-related) that occurred between December 16, 2014,
and December 14, 2017. IVE has been estimated as (1 - IRR)
x 100, where IRR denotes the confounder-adjusted incidence rate
ratio, comparing the death/hospitalization incidence rate among
the vaccinated subjects to the death/hospitalization incidence rate
among the unvaccinated subjects. IVE was evaluated in four
different periods: December 15 to March 31 (Influenza season),
April 1 to June 30 (post-influenza season), July 1 to September 30
(summer season), October 1 to December 14 (pre-influenza sea-
son). We considered this stratification in four periods to test the
hypothesis that outside the influenza season no risk difference, in
terms of deaths and influenza-related hospitalizations between
vaccinated and unvaccinated individuals, should be detected. To
define the influenza-related hospitalizations, the following ICD-
9-CM (International Classification of Diseases, 9" Revision,
Clinical Modification) codes, recorded as primary or secondary
diagnoses of discharge, were selected: 487 influenza; 480-486
pneumonia; 460-466, 490-496, 500-508, 510-516 respiratory
diseases; 410, 422, 427, 428 cardiovascular diseases®> > (a detailed
description of the diagnoses codes has been reported in
Supplementary Table S1).

We considered each hospitalization event unless the same
patient experienced readmissions within 3 days after the pre-
vious discharge that were due to transfers between hospitals.
These re-admissions, being a continuation of a single hospi-
talization event, were managed accordingly.

To estimate mortality and hospitalization IRR for vacci-
nated versus unvaccinated, univariable and multivariable
Poisson regression models,”® using clustered sandwich esti-
mator standard error that allows for intra-patient correlation,
were applied, including the interaction between vaccination
and season-year together with the previously described cov-
ariates. Although in the preliminary analyses we considered
Poisson multilevel models with GP as a random effect, in the
final models it was not included because it did not impact the
parameter estimates. Regarding the risk of death, the “zero-
inflated” Poisson model was applied,”” given that this pro-
vided a significant best fit, as suggested by the Vuong test,”®
compared to the ordinary one. In addition, to evaluate if the
estimated IVE on the mortality rates was different by age
groups (i.e., <75, 75-84, 285 years old), sex, and pneumococ-
cal vaccine administration, a “zero inflated” Poisson model
with the interaction terms between flu vaccination and sex,
age group, and pneumococcal vaccine was also considered,
always adjusted for chronic underlying conditions and
expenses for medical cares. Same models were applied also
to the outcome rate of hospitalization for any cause, and rate
of influenza-related hospitalizations; for both outcomes
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a standard Poisson model, instead of a “zero-inflated” one,
was used, because the latter did not add any improvement in
the goodness of fit. Finally, to take into account among the
potential confounding factors and effect modifiers the influ-
enza vaccination in any of the previous two seasons,
a subgroup analysis was performed considering only subjects
who contributed to all three cohorts. All models considered as
exposure time for each subject the number of days of each
period or until the date of death if the subject died before the
end of the period, or until the date of change of residence if
the person moved to a municipality outside the LHU 9 terri-
tory before the end of the period.

All analyses were performed using the Stata software, ver-
sion 13 (Stata Cooperation, College Station, Texas, USA).

Results

The study initially included three cohorts of elderly subjects of
86,724, 83,333, and 89,642 people at December 15 of 2014,
2015, and 2016, respectively. Residents in long-term facilities
(2.5% in 2014, 2.4% in 2015, 3.0% in 2016) or assigned to
a GP out of the LHU 9 (1.5% in 2014, 2.1% in 2015, 1.3% in
2016) were excluded from the analysis. Therefore, the evalu-
ated people were 83,265, 83,375, and 85,800 at December 15
of 2014, 2015, and 2016, respectively (see Supplementary
Figure S1). Overall, study participants were 93,492, who con-
tributed to at least one cohort year. Specifically, 75,148, 9,652
and 8,692 contributed to three, two and one cohort year,
respectively. Person-years during the study period were
125,253 for vaccinated, and 123,752 for unvaccinated.

Circulating influenza strains and vaccination coverage

Table 1 shows a summary of the circulating strains overall in
Italy and particularly among elderly people in the Veneto
Region. In the 2014/15 season, a virus was predominant
(84%), with the co-circulation of HIN1 (52%) and H3N2
(41%) subtypes, whereas during the following 2015/16 season,
the co-circulation of A (43%; A/HINI1 35%, A/H3N2 56%)
and B (57%; Victoria lineage 95%) viruses was observed;
finally, in the 2016/17 season the A/H3N2 virus subtype
predominated (93%). Regarding the elderly in Veneto
Region, there were few differences with the viruses isolated
in all population in Italy, except for 2015/16 season, in which
a lower percentage of B virus (18%) was detected among
elderly. Of note, during 2015/16 and 2016/17 seasons, the
influenza B circulating strains at national level were antigeni-
cally distinct from those selected for the B component in the
trivalent influenza vaccine.

MF59-adjuvanted trivalent inactivated flu vaccine was
mainly administered in the elderly living in the LHU 9, during
the immunization campaigns although no data were available
by type or brand of vaccine; the coverage was around 50% for
each year, near to the national value. Pneumococcal vaccina-
tion was previously administered in nearly 15% of individuals
(most received 23-valent polysaccharide vaccine).

Demographic and clinical characteristics at baseline
(December 15™) of each calendar year for vaccinated/unvac-
cinated people with influenza vaccine are shown in Table 2.
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Table 1. Circulating virus strains, characteristics of vaccines for influenza seasons, and influenza and pneumococcal vaccine coverage in the elderly, LHU 9, Treviso, Veneto Region, Italy, 2014-2017.

Pneumococcal

Pneumococcal

Influenza
Vaccine

vaccine

vaccine
coverage

type

Elderly — LHU 9,

coverage
Elderly — LHU 9, Treviso (Veneto

Circulating viruses in Italy and Veneto Region

Elderly,
Italy

Veneto Region

Italy

(all population)
A 84% (HIN1 52%, H3N2 41%) A 92% (H1N1 55%, H3N2 30%)

Influenza
Season

Treviso

Region)
50.0% (53.4%)

(only elderly)

Composition of influenza virus vaccine

A/California/7/2009 (H1N1)

PPV23 (99.6%)
PCV13 (0.2%)

15.3%

48.6%

2014-2015

B 8% (not subtyped)

B 16% (Yamagata 97%)

A/Texas/50/2012 (H3N2) B/Massachusetts/2/2012

(Yamagata lineage)

PCV7 (0.2%)
PPV23 (77.5%)
PCV13 (22.4%)

49.6% 15.8%

(54.0%)

49.9%

A 82% (HTN1 8%, H3N2 75%)

B 18% (Victoria 74%)

A 43% (H1NT 35%, H3N2 56%)

B 57% (Victoria 95%)

A/California/7/2009 (H1N1)

2015-2016

A/Switzerland/9715293/2013 (H3N2)

PCV7 (0.2%)
PPV23 (54.0%)
PCV13 (45.8%)

B/Phuket/3073/2013 (Yamagata lineage)

A/California/7/2009 (H1N1)

15.1%

51.6%
(55.8%)

52.0%

A 93% (H3N2 90%)

A 95% (HTN1 1%, H3N2 93%)

B 5% (Yamagata 96%)

2016-2017

B 7% (Yamagata 88%)

A/Hong Kong/4801/2014 (H3N2)

PCV7 (0.2%)

B/Brisbane/60/2008 (Victoria lineage)
WHO recommendations on the composition of influenza virus vaccines, available at https://www.who.int/influenza/vaccines/virus/recommendations/en/.

vuoto.

influenza&menu=

=679&area=

italiano&id

Italian coverage, data available at: http://www.salute.gov.it/portale/influenza/dettaglioContenutilnfluenza.jsp?lingua

Circulating viruses in ltaly, InfluNet reports, available at: http://old.iss.it/fluv/index.php?lang

=13.

=2019&tipo

1&anno

PCV7, 7-valent pneumococcal conjugate vaccine; PCV13, 13-valent pneumococcal conjugate vaccine; PPV23, 23-valent pneumococcal polysaccharide vaccine.

LHU, Local Health Unit.

Influenza vaccinated subjects were, on average, older, had
more chronic conditions and higher expenses for medical
cares, but received less pneumococcal vaccination. In fact, in
reference to the latter point, individuals who were not vacci-
nated with the pneumococcal vaccine received influenza vac-
cine more frequently than the others (52% vs 43%),
particularly if conjugate vaccine PCV13 was not administered.
Hypertension, congestive heart failure, metabolic disorders,
and asthma were the most represented chronic diseases.

Considering only patients who contributed to all three-
cohort years (75,148), 38.2% did not receive any vaccination,
40.9% were vaccinated in all seasons, 11.2% were vaccinated
during two seasons, and 9.7% were vaccinated only 1 year. In
particular, 89.9% of vaccinated subjects in 2016 received
influenza vaccination in at least one of previous two seasons
(74.9% received vaccinations in both previous seasons),
whereas 84.0% of unvaccinated subjects in 2016 were not
previously immunized (data not shown in table).

Both crude and adjusted IRR of being vaccinated were
associated with demographic (sex, age groups) and clinical
characteristics (number of chronic underlying conditions,
previous pneumococcal vaccination, expenses for specialist
medical care) (Supplementary Table S2). Specifically, in the
multivariable model, the adjusted IRR was higher for males
compared to females and for those who received pneumococ-
cal vaccination compared to unvaccinated ones; IRR increased
with age, with the number of chronic diseases, and with
annual individual health costs. Also GP, as a random effect,
was significantly associated with vaccination, and the percen-
tage of vaccinated patients largely varied among them
(Supplementary Figure S2). In the model including all three
calendar years, an adjusted slightly higher IRR to be vacci-
nated was detected in 2016/17 as compared to 2014/15
(Supplementary Table S3).

Risk of death

There were 8,131 deaths during the study period, 4,855 and
3,276 in vaccinated and unvaccinated subjects, respectively
(Supplementary Table S4). Among deaths, the median age
was 84 years, and 92% of them had at least one chronic
disease. In the unadjusted analysis, vaccinated subjects had
significantly higher mortality rates, both during influenza and
non-influenza seasons; when adjusting the model for the
other confounding factors, vaccination was associated with
significant reductions in death (Table 3). Specifically, vaccina-
tion had significant estimated reduction of risk of death by
33%, 37%, and 39% (p < .001) during influenza season of
2014/15, 2015/16, and 2016/17, respectively, whereas during
the post-influenza season reduction estimates ranged from
17% to 21% (p < .05). Only in the first year, a significant
vaccination effect was observed also during summer.
Regarding the other characteristics, adjusted IRR of death >1
were detected among males, older individuals, subjects with
more chronic conditions and with greater annual expenses for
medical cares, while a lower adjusted IRR [0.85, 95% confi-
dence interval (CI) 0.74-0.98, p = .028] was found among
pneumococcal vaccine recipients. In the pooled analysis made
for all years, the adjusted IRR of death in vaccinated as
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Table 3. Crude and adjusted incidence rate ratios of death by season in LHU 9, Treviso, Veneto Region, Italy 2014-2017.

Univariable analysis

Multivariable analysis

Crude IRR 95% Cl p-value Adjusted IRR 95% Cl p-value
Vaccinated vs Unvaccinated
2014-2015
Influenza 1.30 1.14 1.48 <0.001 0.67 0.58 0.77 <0.001
Post-influenza 1.57 1.33 1.84 <0.001 0.81 0.69 0.97 0.020
Summer 1.44 1.23 1.69 <0.001 0.74 0.62 0.87 <0.001
Pre-influenza 1.63 1.38 1.94 <0.001 0.85 0.71 1.02 0.087
2015-2016
Influenza 1.20 1.06 1.37 0.005 0.63 0.55 0.72 <0.001
Post-influenza 1.53 1.30 1.80 <0.001 0.79 0.66 0.94 0.009
Summer 1.66 1.42 1.94 <0.001 0.87 0.73 1.03 0.111
Pre-influenza 1.75 1.47 2.07 <0.001 0.92 0.77 1.1 0.379
2016-2017
Influenza 1.17 1.02 1.34 0.021 0.61 0.53 0.71 <0.001
Post-influenza 1.55 1.32 1.82 <0.001 0.83 0.70 0.98 0.031
Summer 1.67 141 1.98 <0.001 0.91 0.76 1.09 0.290
Pre-influenza 1.72 1.44 2.06 <0.001 0.93 0.77 1.13 0.468
Sex
Female 1.00 1.00
Male 1.20 1.15 1.26 <0.001 1.49 1.42 1.56 <0.001
Age group (years)
65-69 1.00 1.00
70-74 1.51 1.36 1.69 <0.001 1.26 1.10 143 <0.001
75-79 2.83 2.57 3.12 <0.001 2.15 1.89 243 <0.001
80-84 5.40 491 5.93 <0.001 3.95 3.50 447 <0.001
85-89 10.27 9.36 11.26 <0.001 8.27 7.31 9.36 <0.001
>90 21.87 19.96 23.96 <0.001 21.11 18.59 23.97 <0.001
N. of chronic underlying conditions
0 1.00 1.00
1 1.57 143 1.72 <0.001 1.12 1.01 1.23 0.030
2 2.59 237 2.83 <0.001 1.42 1.29 1.58 <0.001
3 371 3.39 4.07 <0.001 1.66 1.49 1.84 <0.001
>3 7.44 6.81 8.12 <0.001 237 213 2.64 <0.001
Pneumococcal vaccination 0.23 0.21 0.26 <0.001 0.85 0.74 0.98 0.028
Expenses for specialist medical care (Euros)
<300 1.00 1.00
300-700 1.30 1.19 1.42 <0.001 0.98 0.90 1.08 0.743
700-1,700 1.85 1.71 2.01 <0.001 1.16 1.06 1.28 0.002
>1,700 5.91 5.50 6.35 <0.001 3.49 3.19 3.81 <0.001

Expenses for specialist medical care: total amount spent in the 12 months before the start of the vaccination campaign. Cl, confidence interval. Periods were defined
as follows: influenza, December 15- March 31; post-influenza, April 1- June 30; summer, July 1- September 30; pre-influenza, October 1- December 14. IRRs
(incidence rate ratios) were obtained from a zero-inflated Poisson regression model.

compared to unvaccinated was lower during influenza period
(IRR 0.63, 95% CI 0.58-0.69, p < .001) and increased progres-
sively in the other non-influenza periods [IRR ranged from
0.81 (p < .001) to 0.90 (p = .054)] (Figure 1A). Considering
only the influenza period, when including an interaction term
between influenza vaccination administration (yes/no) and
sex (male/female), age groups (<74, 75-84, 285 years old)
and pneumococcal vaccination (yes/no) we found that vacci-
nation, having adjusted for all the previously described char-
acteristics, had similar protective effect in all age groups and
in vaccinated/unvaccinated people with pneumococcal vac-
cine (Figure 1B). Regarding sex, although in both groups
influenza vaccination was estimated to be protective for the
risk of death, the magnitude of the effectiveness was signifi-
cantly different (IRR = 0.55, 95% CI 0.48-0.63 in males vs
0.67 95% CI 0.59-0.75 in females, p = .028).

Risk of hospitalization

Hospital admissions for all-causes were more frequent
among vaccinated (32,612) as compared to the unvacci-
nated subjects (23,714), as well as for those influenza-
related (11,712 versus 6,643) (Table S4).

Crude hospitalization (at least one per period/year) rates
were higher among vaccinated individuals (Table 4). When
adjusting for possible confounding factors, vaccination was
associated with a 12-16% reduction (p < .01) in the influenza-
related hospital admission rates during the influenza season
(Table 4). Conversely, no effect was found in pre- and post-
influenza season as well as during summer (except in pre-
influenza period during 2014-2015 season). Similarly, to
death analysis, being male, older, with more chronic condi-
tions, and greater expenses for medical cares were all condi-
tions significantly associated with an increased risk of hospital
admission, while a lower risk was found among pneumococcal
vaccine recipients (Table 4).

Pooling all calendar years, the IRR of influenza-related
hospitalization of vaccinated versus unvaccinated during
influenza period was 0.86 (95% CI 0.81-0.91, p < .001) and
nearly 1 in the other periods (Figure 1C). When performing
further multivariable Poisson models, including interaction
terms between flu vaccination and sex, age-group, and pneu-
mococcal vaccination, we found that there was a significantly
different IRR for influenza vaccination within age groups: 1.00
(95% CI 0.88-1.14, p = .971) for people aged <74 years, 0.85
(95% CI 0.78-0.93, p < .001) for subjects aged 75-84 years,



a Deaths
A Pre-influenza —h—
* Summer ——i
| Post-influenza —

o Influenza

0.2 04 0.6 0.8 1.0 12 14
Incidence Rate Ratio (95% Cl)

b Deaths duringinfluenza season
_— —_——-———
e No PV e
A 285years &
m 75-84 years -
* <7Syears ——
A Male &
+ Female ——i
e All —o—

0.2 04 0.6 08 10 12 14
Incidence Rate Ratio (95% Cl)

HUMAN VACCINES & IMMUNOTHERAPEUTICS 307

Influenza-related hospitalizations

A Pre-influenza -~
+ Summer ——
m Post-influenza —a—
o Influenza o
04 0.6 0.8 10 12 14

Incidence Rate Ratio (95% Cl)

Diagnosis of discharge

A Cardiovascular &
# Respiratory ——t
W Pneumonia ——
o Influenza A
04 0.6 08 10 12 14

Incidence Rate Ratio (95% Cl)

Figure 1. Adjusted mortality and hospitalization incidence rate ratios of vaccinated compared to unvaccinated elderly subjects, resident in Treviso Province, Veneto
Region, ltaly, during 2014/15, 2015/16, and-2016/17 seasons. Panel A: adjusted mortality rate ratios by season; panel B: adjusted mortality rate ratios by sex, age
groups, and pneumococcal vaccination during influenza seasons; panel C: adjusted influenza-related hospitalization incidence rate ratios by season; panel D: adjusted

hospitalization rate ratios by diagnosis of discharge during influenza seasons.

and 0.79 (95% CI 0.72-0.87, p < .001) for elderly 285 years;
differences were detected between who received (IRR 1.24,
95% CI 0.96-1.60, p = .101) and not received (0.65, 95% CI
0.53-0.80, p < .001) pneumococcal vaccination.

Lower risks of hospitalization in vaccinated subjects were
detected for all identified influenza-related causes during influ-
enza season (Table 5). Specifically, vaccination was associated
with 34% reduction in hospitalization rate for influenza (IRR
0.66 95%CI 0.52-0.83, p < .001), 22% for pneumonia (IRR 0.78
95%CI 0.70-0.87, p < .001), 14% for respiratory causes (IRR
0.86 95%CI 0.77-0.96, p = .006), and 12% for cardiovascular
diseases (IRR 0.88 95%CI 0.81-0.95, p = .001) (Figure 1D).

Subgroup analysis

Subgroup analysis, which considered only subjects who contrib-
uted to all three cohorts, highlighted that the influenza vaccina-
tion in any of the previous two seasons lowered both the
mortality and influenza-related hospitalization rates in vacci-
nated as compared to unvaccinated subjects (Supplementary
Table S5). Specifically, during influenza season 2016/17 the flu
vaccination was associated with 66% reduction in mortality rates
(IRR 0.34 95%CI 0.27-0.43, p < .001) in previously immunized
subjects, whereas no effect was found in individuals who did not

receive any vaccine in the previous 2 years (adjusted IRR 0.95
95%CI 0.65-1.39, p = .781). Similarly, vaccination was associated
with 33% reduction in influenza-related hospitalization rates
(adjusted IRR 0.67 95%CI 0.57-0.79, p < .001) in previously
immunized subjects, while a not significant effect was observed
in patients with no previously vaccination.

Discussion

The present retrospective cohort study was aimed at evaluating
vaccination coverage and vaccine effectiveness in preventing all-
cause deaths and hospital admissions attributable to influenza in
the elderly population living in an area of North-Eastern Italy, in
the 2014/2015-2016/2017 seasons. Vaccination coverage in this
area was around 50% in all three seasons, a value very close to the
national one (see Table 1). In the multivariable analysis evaluat-
ing possible determinants of receiving influenza vaccination, we
found that the IRR of vaccine uptake was significantly higher in
males than in females, in older people, in people with chronic
conditions, with higher annual expenses for specialist medical
cares (considered as a further proxy of health status), and who
received pneumococcal vaccination. Of note, in the univariable
model, pneumococcal vaccination was associated with a lower
risk to receive the influenza vaccination; indeed, subjects
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Table 4. Risk of influenza-related hospital admission in the elderly by season in LHU 9, Treviso, Veneto Region, Italy 2014-2017.

Univariable analysis

Multivariable analysis

IRR 95% Cl p-value IRR 95% Cl p-value
Vaccinated vs Unvaccinated
2014-2015
Influenza 1.67 1.5139 1.84 <0.001 0.88 0.80 0.97 0.009
Post-influenza 1.93 1.71 2.18 <0.001 1.01 0.90 1.14 0.899
Summer 1.71 1.51 1.95 <0.001 0.90 0.79 1.03 0.118
Pre-influenza 1.65 1.45 1.88 <0.001 0.87 0.77 0.99 0.036
2015-2016
Influenza 1.59 1.44 1.75 <0.001 0.84 0.76 0.93 0.001
Post-influenza 1.94 1.71 2.21 <0.001 1.02 0.90 1.16 0.722
Summer 1.98 1.74 2.26 <0.001 1.04 0.92 1.19 0.518
Pre-influenza 1.93 1.69 2.21 <0.001 1.02 0.89 1.16 0.789
2016-2017
Influenza 1.58 1.43 1.75 <0.001 0.85 0.77 0.94 0.002
Post-influenza 1.71 1.51 1.94 <0.001 0.92 0.81 1.04 0.191
Summer 1.88 1.64 2.15 <0.001 1.02 0.88 1.16 0.864
Pre-influenza 1.67 1.46 1.90 <0.001 0.90 0.79 1.02 0.111
Sex
Female 1.00 1.00
Male 1.33 1.27 1.39 <0.001 1.39 1.34 1.45 <0.001
Age group (years)
65-69 1.00 1.00
70-74 1.71 1.55 1.88 <0.001 1.41 1.25 1.59 <0.001
75-79 3.09 2.82 3.38 <0.001 2.20 1.95 247 <0.001
80-84 534 490 5.84 <0.001 3.48 3.10 3.90 <0.001
85-89 8.18 7.49 8.92 <0.001 543 4.84 6.10 <0.001
>90 11.85 10.81 12.99 <0.001 833 7.39 9.39 <0.001
Number of clinical conditions
0 1.00 1.00
1 1.67 1.53 1.81 <0.001 1.23 1.13 1.34 <0.001
2 2.95 2.71 3.20 <0.001 1.72 1.57 1.87 <0.001
3 4.86 4.47 5.28 <0.001 230 2.11 2.52 <0.001
>3 12.53 11.56 13.59 <0.001 4.30 3.92 471 <0.001
Pneumococcal vaccination 0.30 0.27 0.33 <0.001 0.95 0.83 1.09 0.476
Expenses for specialist medical care (Euros)
<300 1.00 1.00
300-700 1.49 1.38 1.61 <0.001 1.01 0.93 1.09 0.796
700-1,700 2.79 2,61 2.99 <0.001 1.39 1.28 1.49 <0.001
>1,700 7.19 6.74 7.67 <0.001 2.85 2.66 3.07 <0.001

Expenses for specialist medical care: total amount spent in the 12 months before the start of the vaccination campaign. Cl, Confidence Interval. Periods were defined
as follows: influenza, December 15-March 31; post-influenza, April 1- June 30; summer, July 1-September 30; pre-influenza, October 1- December 14. IRRs

(incidence rate ratios) were obtained from a Poisson regression model.

Table 5. Risk of hospitalization in the elderly by diagnosis of discharge in LHU 9, Treviso, Veneto Region, Italy 2014-2017.

Outcome Study period 2014-2017 Univariable analysis Multivariable analysis
Hospitalizations Vaccinated vs unvaccinated IRR 95% Cl p-value IRR 95% Cl p-value
All causes Influenza season 1.27 1.22 1.32 <0.001 0.87 0.85 0.90 <0.001
Non-influenza season 1.40 1.36 1.44 <0.001 0.95 0.92 0.97 <0.001
Influenza-related Influenza season 1.61 1.52 1.71 <0.001 0.86 0.81 0.91 <0.001
Non-influenza season 1.82 1.73 1.91 <0.001 0.97 0.92 1.02 0.173
Influenza Influenza season 1.14 0.91 143 0.244 0.66 0.52 0.83 <0.001
Non-influenza season 1.21 0.50 292 0.673 0.70 0.29 1.69 0.425
Pneumonia Influenza season 1.53 1.39 1.69 <0.001 0.80 0.72 0.88 <0.001
Non-influenza season 1.82 1.67 1.98 <0.001 0.95 0.87 1.03 0.199
Respiratory Influenza season 1.71 1.54 1.90 <0.001 0.87 0.78 0.97 0.014
diseases Non-influenza season 2.01 1.82 222 <0.001 1.02 0.92 1.13 0.657
Cardiovascular Influenza season 1.74 1.61 1.87 <0.001 0.90 0.84 0.97 0.007
diseases Non-influenza season 1.85 1.74 1.96 <0.001 0.96 0.90 1.02 0.168

Periods were defined as follows: influenza season, December 15t — March 31" non-influenza season, April 1- December 14. IRRs (incidence rate ratios) were
obtained from a Poisson regression model, adjusted for sex, age group, pneumococcal vaccination, number of chronic underlying conditions and expenses for

specialist medical care.

immunized with anti-pneumococcal vaccine were younger and
with less co-morbidity as compared to those who were not
immunized. Therefore, after adjusting for confounding variables
the risk to be vaccinated was higher in those who received
pneumococcal vaccination compared to unvaccinated ones.
Furthermore, although there was a statistically significant
increase of the adjusted IRR in 2016/2017 compared to 2014/
2015 the magnitude of increase was very small (IRR 1.03) and

not really significant in terms of public health impact. There
was also a significant and independently effect of the GP in
the vaccination coverage, although no age and sex of the GP
was associated with the vaccine uptake. These results are
consistent with other studies conducted in other
countries.”” ' Moreover, our data showed that influenza vac-
cination was usually received by the same individuals who
were vaccinated in the previous seasons. This is in line with



a recent systematic review on factors influencing flu vaccina-
tion behavior, which include previous vaccination history as
one of the key factors, together with age, poor health status,
medical service use, receiving knowledge/information from
healthcare professionals.*

Regarding the effectiveness on reducing the risk of death
(any cause) and the risk of influenza- related hospitalization,
we found that, adjusting simultaneously for other individual
characteristics, influenza vaccination was significantly asso-
ciated with lower mortality and influenza-related hospitaliza-
tion rates, and the benefit was found for all the discharge
diagnoses including, influenza, pneumonia, respiratory, and
cardiovascular diseases. Moreover, repeated influenza vaccina-
tion in the previous seasons influenced positively the vaccine
effectiveness in the elderly. This is in line with recent published
cohort studies in Stockholm County, Sweden®® that used simi-
lar outcomes as those reported in our study, and with a test
negative design conducted in Valencia®* where the outcome
was represented by confirmed influenza cases. In both
studies,”** as well as in a recent meta-analysis,”> no negative
effects of repeated seasonal vaccination were seen across more
seasons, which strengthens the recommendation that persons
belonging to this age group should be vaccinated yearly. Male
sex, older age, more chronic conditions, and greater annual
expenses for medical cares were significantly associated with an
increased risk for both outcomes (death and hospitalization),
while a lower risk was found among pneumococcal vaccine
recipients. Of note, after adjusting for confounding factors,
vaccination was associated with a reduction in the hospital
admission rates only during the influenza season, whereas
a lower, but still present, reduction in risk of all-cause mortality
was found also in noninfluenza periods, suggesting that addi-
tional frailty indicators (i.e., severity of chronic conditions,
perceived health status, socio-economic status, behavior-
related factors) could be necessary to eliminate possible
unknown biasing factors; however, these are not usually
included in standard administrative healthcare databases. In
the absence of phase III trials using clinical endpoints, non-
experimental designs to evaluate vaccine effects are often used,
although methods to reduce potentially confounding factors
should be considered.” Indeed, according to the European
Medicines Agency Guideline on influenza vaccine,” secondary
outcomes should address the ability of vaccines to prevent
pneumonia and influenza-related hospitalization (associated
with respiratory or cardiac disease) as well as all cause of
deaths. Therefore, in order to control for differences in health
status and health-seeking behavior in vaccinated compared
with unvaccinated individuals, information on potentially con-
founding factors has been collected, including chronic diseases,
pneumococcal vaccination, and healthcare utilization indicated
by the expenses for specialist medical care. We were able to
collect the most important known confounding factors except
for the severity of chronic diseases, socioeconomic status, and
antiviral drug use. Moreover, negative confounding may occur,
as high-risk groups are more likely to be vaccinated and there-
fore reduce IVE. Conversely, positive confounding may occur
as a result of a ‘healthy vaccine effect’.®® People with a healthy
lifestyle are more likely to accept/request vaccination, thus
leading to an increase of measured IVE. Vaccine coverage has
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been found to be low in frail elderly patients; consequently,
there may be relatively fewer severely ill patients in the
exposed.”’”™*! Therefore, adjusting for negative and positive
confounding factors through multivariable analysis should
minimize this potential bias, to make sure that the observed
differences in the occurrence of selected outcomes in vacci-
nated and unvaccinated subjects were due to the effect of the
vaccine and did not reflect baseline differences between the two
groups.

During the study different viruses circulated. In the 2014/
15 period, A/HIN1 and A/H3N2 co-circulated and the season
were characterized by a very high incidence of influenza-like-
illnesses (ILI) and Intensive Care Unit (ICU) confirmed cases,
especially in 265 years old individuals, with a mismatch
between the A/H3N2 circulating virus and that included in
the seasonal vaccine formulation.***> In Veneto Region,
among severe acute respiratory infections (SARI) cases, A/
H3N2 was predominant.** During the following 2015/16 sea-
son, the co-circulation of A and B viruses was observed with
a lower IVE estimate for influenza A(HIN1)pdmo09, with
respect to previous season due to the emerging genetic variant
6B.1.*>* In Veneto Region, most ILI and SARI cases were
infected with A/H3N2 virus.*” Moreover, during this season,
the antigenic match between circulating strains (Victoria line-
age) and vaccine composition (Yamagata lineage) did not fit
for B. However, the detection rate of influenza type B virus
among elderly in Veneto Region was low, in line with pre-
vious studies.*® In 2016/17 period, A/H3N2 virus predomi-
nated, and the season was characterized by a very high
incidence of ILI and ICU confirmed cases, due to differences
in glycosylation between A/H3N2 egg-adapted vaccines and
circulating strains.*’ '

Many previous studies examined IVE by analyzing a single
or more seasons,'*'”** with heterogeneous results. Recent
observational studies in elderly adults have estimated that
the adjuvanted vaccine provided significant protection against
influenza-related hospitalization and that may further reduce
influenza and pneumonia hospitalizations by an estimated
25% above those prevented by nonadjuvanted vaccine.” In
a study conducted in another north-eastern Italian area dur-
ing 2016/17 season, it was found no significant effect of
influenza vaccination in the elderly on the likelihood of hos-
pitalization or death from pneumonia and influenza, indicat-
ing that some residual confounding might exist.'” However,
another study conducted during 2014/15 season in the same
Italian Region of the previous study showed that the overall
risk of death was 18% lower among vaccinated compared to
unvaccinated subjects (21% for pneumonia and influenza).'®
A recent published test negative case-control study conducted
in Italy during the 2016/17 season, to estimate vaccine effec-
tiveness in preventing severe influenza in hospitalized
elderly,” showed a good adjusted IVE of the MF59-
adjuvated vaccine against A(HINI1)pdmO09 strains and
a moderate adjusted IVE against B strains.

A study in US showed that vaccination in people with type
2 diabetes was associated with lower admission rates for
pneumonia or influenza (IRR 0.85), and acute cardiovascular
events (IRR 0.70 for stroke, 0.78 for heart failure).”” In a study
conducted in New Zealand from 2012 to 2015, influenza
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vaccination was associated with a 59% reduction in the risk of
influenza-associated intensive care unit admissions among
hospitalized  influenza  confirmed cases.™ Finally,
a multicentre case-control study conducted in 11 European
countries estimated that in the 2015-16 influenza season
vaccination prevented approximately half of the hospitalized
laboratory-confirmed influenza cases among the elderly
population.>

In interpreting our results, we need to consider some
limitations. Relating to the representativeness of the study
population and thus the generalizability of results, the study
covered a part of a North-East Region of Italy and not the
entire country. Vaccinated subjects were identified only by
general practitioners’ medical records; indeed, currently does
not exist a national influenza vaccination registry, and GP
captured influenza vaccination data through a process in
which data were initially recorded on paper and subsequently
manually entered into a database; therefore, if some indivi-
duals were vaccinated outside GP practices these were con-
sidered unvaccinated. However, being the elderly individuals
vaccinated free of charge, the proportion of those who paid
out-of-pocket for influenza vaccine is likely to be negligible.
All cases did not receive a laboratory-confirmed diagnosis of
influenza; moreover, since specific causes of death were not
available for all patients, only death for all-causes was con-
sidered as outcome. Since the exact vaccination date was not
always available, it was not possible to define vaccinated as
those subjects with an influenza vaccine administration >14
days before outcome onset. Finally, other possible factors
associated with the evaluated outcomes, not considered in
this analysis, could have affected the estimated IVE.

Conclusions

Study results suggest that vaccination remains the most effec-
tive preventive measure against severe influenza, among
elderly people. Our findings confirm that influenza vaccina-
tion is associated with a lower risk of influenza-related com-
plications, indicating the benefit of flu vaccination in the
elderly. Further strategies should be considered for improving
influenza vaccine coverage, especially among subgroups with
a higher risk of more serious events. Therefore, efforts should
be focused on improvement of the immunization programs as
important instrument of prevention.
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