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Abstract

Introduction In 2020, the restrictions adopted to control the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
pandemic led to an unprecedented reduction in influenza-related burden. As such, the reduced chance to characterize the
circulating virus strains might have increased the risk of vaccine mismatch for the forthcoming winter seasons. The role of
an effective influenza vaccination campaign might therefore assume even more value, especially for frail and multimorbid
older individuals. Methodological concerns on confounding by indication are always debated in vaccine effectiveness studies
and it might be instrumental to give a pragmatic message on an individual’s responsibility to receive the influenza vaccine.
We therefore investigated the role of specific confounders to explain the association between influenza vaccine and mortal-
ity among older adults.

Methods Using a primary care database, we formed a cohort of patients aged 65 years or older who were actively registered
with their general practitioner (GP) at the beginning of each of nine influenza seasons through to the 2018/2019 season.
The study index date was the related seasons’ starting date. Exposure to the influenza vaccine was operationally defined in
the 2 months preceding the index date up to 2 weeks before the exit date. Cox regression models were estimated to calcu-
late hazard ratios (HRs) and their 95% confidence intervals (CI) of death between vaccinated and unvaccinated patients in
a time-dependent fashion. The potential confounders sequentially entered the model based on their increasing effect size
observed in univariate analyses.

Results Over the 10 years under study, the influenza vaccine showed a significant protective effect in terms of mortality,
reaching 13% reduction (HR 0.87, 95% CI 0.80-0.95) in the 2018/2019 influenza season. When we estimated the multi-
variate model by sequentially adding the potential confounders, there was an inversion of HR (below the unit) that was
significantly explained by the covariates coding for a prior history of lower respiratory tract infections and the presence of
the pneumococcal vaccine.

Conclusion In the current pandemic scenario, we cannot divert attention to proper use of face masks, social distancing, and
hand hygiene, which are important measures to prevent influenza and other respiratory viral infections. Nonetheless, their
effectiveness might be negligible without acceptable coverage for influenza vaccine, especially in older patients with a his-
tory of lower respiratory tract infections, which appears to be the main source of confounding by indication.

1 Introduction A recent review showed that excess death rates due to influ-
enza are more than sixfold higher in older people compared
with the rest of the population [2].

The influenza lethality rate is higher in older adults than X POPEIE )
To date, immunization is the most effective strategy to

in the general population. Nielsen et al. reported an excess ) i ) X . !
mortality attributable to influenza of 24.4 per 100,000 indi- reduce the circulation of influenza viruses and limit their
viduals in the general population, with figures peaking at up burdensome consequences on health. To note, several influ-

to 118.2 per 100,000 among those aged 65 years or older [1]. enza vaccines are effective and have been approved for their
utilization in older adults [3, 4]. In real-world evidence

(RWE) studies using comparable methodologies [3, 6], older

D4 Francesco Lapi adults undergoing influenza vaccination were reported to
lapi.francesco@simg.it experience a 20-35% risk reduction of all-cause mortality.
Extended author information available on the last page of the article The effectiveness of influenza vaccines was also confirmed
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High vaccine coverage in older adults is the main strat-
egy to prevent influenza-related burden and mortality,
especially during the current pandemic scenario.

To investigate the role of confounding by indication in
observational studies on influenza vaccine effectiveness
is instrumental to channel a public health message.

Older patients with a history of lower respiratory tract
infection, which is the main source of confounding by
indication, are those who majorly benefit from influenza
vaccination.

by studies showing that millions of influenza infections can
be prevented through vaccination, even in seasons that see
a wider mismatch between the currently recommended vac-
cine and the circulating virus strain [7].

On average, during influenza seasons, from 10 to 30%
of the global population is usually exposed to the infection.
However, in 2020 the restrictions adopted to control the
SARS-CoV-2 pandemic have led to an unprecedented reduc-
tion in influenza-related burden in the 2020/2021 season. In
this scenario, it is possible to hypothesize that the drastic
reduction in the circulation of influenza virus might have
decreased herd immunity at the population level, especially
in frail and multimorbid groups, subsequently promoting
the rise of more serious influenza epidemics [7]. In this con-
text, the role of an effective influenza vaccination campaign
might assume even more value, given that vaccine coverage
is still far from optimal. In Italy, despite the health and social
threats due to the coronavirus disease 2019 (COVID-19)
pandemic, the minimum coverage target of 75% for flu vac-
cine among those aged 65 years or older, as well as other
individuals at risk for influenza complications, is far to be
reached [8]. Some methodological aspects of RWE studies
might be instrumental in giving a pragmatic message on
the individual’s responsibility to receive the influenza vac-
cine, especially for frail and multimorbid older individuals
[9]. The morbidity and frailty-related variables are indeed
the main source of confounding by indication in epidemio-
logical studies, along with the fact that clinicians’ behav-
ior and patients’ acceptance of vaccination might influence
the vaccine uptake, provision or coverage, which lead to
under- or overestimates of influenza vaccine effectiveness
[10]. In essence, patients’ and physicians’ perception of
risk might contribute to channeling vaccination towards
people more prone to develop influenza-related complica-
tions, including fatal events. As such, vaccine effectiveness
might be artificially reduced by individuals’ baseline risk of
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influenza-related complications in vaccinated versus unvac-
cinated subjects. Moreover, the resistance to infectious dis-
ease decreases with advancing age [11] and immunosenes-
cence undoubtedly affects the response to vaccines in older
people [12—14].

To our knowledge, several studies adopted sound meth-
ods, such as test-negative case-control [5, 9] and/or propen-
sity score matching design [6, 9], through which confound-
ing by indication was fairly controlled. Nevertheless, they
did not aim to uncover the role of each potential confounder
in the association between vaccination and mortality risk
across different epidemic seasons. We therefore investigated
the role of specific confounders to explain the association
between influenza vaccine and mortality among older adults.

2 Methods
2.1 Data Source

We used data from the Health Search Database (HSD) of the
Italian College of General Practitioners and Primary Care.
This data source is a general practice research database and
covers data from computer-based patient records covering a
total of 1.5 million patients. The HSD was established in 1998
by the Italian College of General Practitioners and Primary
Care. The database contains clinical (diagnoses, patient refer-
rals, hospital admissions, clinical investigation results and
date of death) and lifestyle records (body mass index [BMI],
smoking and alcohol use) as well as prescription data (drug
name, prescription date, number of days’ supply) for the drugs
that are reimbursed by the National Health System (NHS). All
prescription data were coded with Anatomical Therapeutic
Classification (ATC) codes, while the International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) was used for all medical records. The GPs included in
this study had to meet ‘up to standard’ quality criteria for epi-
demiological studies, particularly levels of coding, prevalence
of well-known diseases, and mortality rates. Furthermore,
only GPs who provided data for at least 1 year were included
in the analysis. The HSD is a valid data source for scientific
research and is aligned with the European Union guidelines
on the use of medical data for research. Representativeness
of the HSD has been previously demonstrated by compar-
ing distributions of patient categories in age and sex with the
National Institute of Statistics (https://www.healthsearch.it/).
For these reasons, the HSD has been used as a data source in
many studies and publications [15-17].

2.2 Study Population and Data Analyses

We formed a cohort of patients aged 65 years or older who
were actively registered with their general practitioner (GP)
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at the beginning of 10 influenza seasons from 2009/2010 to
2018/2019. The 2016/2017 season was excluded because of
the reduced quality of registration for vaccination as well
as mortality. The study index dates were the starting dates
for the specific seasons in keeping with the official obser-
vatories for influenza epidemics [8] (see Appendix 1). We
excluded patients with < 1 year of medical history in the
HSD. Eligible patients were followed until occurrence of
the following events, whichever came first: all cause of death
(event date), end of the epidemic period, end of data avail-
ability with the patient’s GP, or end of the study period (31
December 2019). A patient might be followed up in one
or more influenza seasons. Exposure to the influenza vac-
cine was operationally defined in the 2 months preceding the
index date up to 2 weeks before the exit date. This approach
allowed us to ensure the biological plausibility of vaccine
effectiveness according to the expected time for seroconver-
sion [18]. Cox regression models were estimated to calculate
hazard ratios (HRs) and related 95% confidence intervals
(CD) of death between vaccinated and unvaccinated patients.
The person-times of each individual could be counted in
both the exposed and unexposed groups to avoid immortal
time bias [19]. The potential confounders entered the model
based on their increasing effect size observed in univariate
analyses according to clinical (i.e., expected growing asso-
ciation between vaccine injection and mortality) and sta-
tistical (i.e., increasing p values) criteria. Besides age and
sex, they included use of polypharmacy (more than four
drugs), cardiovascular risk profile (moderate [< 5%], high
[> 5 and < 10%], very high [> 10%] as per the European
Society of Cardiology score) [20], diagnosis of other cardio/
cerebral cardiovascular diseases (angina and other chronic
ischemic cardiomyopathies), gastrointestinal disorders (gas-
tritis, esophagitis, duodenitis, gastric/duodenal/esophagus
hemorrhages), heart failure, atrial fibrillation, depression,
asthma/chronic obstructive pulmonary disease (COPD),
prior history of bronchitis and/or pneumonia, and presence
of pneumococcal vaccination.

We conducted two sensitivity analyses to verify the
robustness of the results. First, we evaluated the burden of
vaccine under-registration (i.e. false-negative exposures) on
the results as well as the influence of clinicians’ behavior
and patients’ acceptance of vaccination as part of confound-
ing by indication [10]. This is mainly due to the fact that
GPs have the mandate to register vaccinations twice, in a
public regional registry and in their own electronic health
records. Such an increase in GPs’ workload might therefore
reduce completeness of data collection. The primary analy-
sis was therefore rerun by limiting GPs to those reporting a
vaccine coverage of at least 55%, which is consistent with
the coverage reported by official reports by the Italian pub-
lic health authorities [8]. Second, the order with which the
confounders entered the multivariate model was tested using

backward stepwise regression (p = 0.15 and 0.10 for enter-
ing and exiting variables, respectively) [21]. By doing so,
we were able to compare the clinical/biological and statisti-
cal basis with which the confounders entered the regression
analysis.

Regarding analysis of the roles of specific confounders in
explaining the results, both primary and sensitivity analyses
were focused on the last influenza season (2017/2018) given
its proximity to the incoming seasons. However, the same
analyses were repeated over the other eight seasons and are
reported in a dedicated Appendix (see Appendix 2).

3 Results

Over the nine seasons, the eligible population ranged from
285,244 (2018/2019 season) to 313,763 (2015/2016 sea-
son) patients aged 65 years or older (mean age 75.7 years,
57.32%). We reported a median incidence rate of 9.13 and
6.1 fatal cases per 100,000 person-weeks in vaccinated and
unvaccinated elderly patients, respectively.

In Table 1, we report patient characteristics by vaccine
exposure during the 2018/2019 epidemic season. Vacci-
nated patients were older than their counterparts, and those
presenting with a ‘high’ or ‘very high’ cardiovascular risk
were more likely to be vaccinated (43.6% vs. 41.1%; 37.8%
vs. 28.6%). Several other comorbidities showed a higher
prevalence in vaccinated than unvaccinated patients. Pneu-
mococcal vaccination (25.5% vs. 8.6%) showed the greatest
difference between vaccinated and unvaccinated individuals.

In Fig. 1, we depicted the HRs of mortality between vac-
cinated and unvaccinated patients over the influenza sea-
sons. For the raw models, HRs showed a constant positive
association between vaccine exposure and higher mortality
rate. The estimates were almost fully reversed in multivariate
analyses, showing a protective association between vaccine
exposure and mortality. In the 2018/2019 winter season,
the influenza vaccine showed a significant protective effect,
in terms of mortality, as high as 13% (HR 0.87, 95% CI
0.80-0.95). As shown in Table 2, when we estimated the
multivariate model for the 2018/2019 season by sequentially
adding the covariates, there was an inversion of HRs trig-
gered by the inclusion of polypharmacy (use of more than
four drugs) in the model. Statistical significance was reached
when the covariates coding for prior history of lower res-
piratory tract infections and the presence of pneumococcal
vaccination were added to the model.

These findings were confirmed, even with a stronger
effect size (HR 0.57, 95% CI 0.44-0.74 for the 2018/2019
season) (Fig. 2), when the analyses were restricted to those
GPs reporting a vaccine coverage of at least 55%, which
is consistent with the coverage reported by official reports
from the Italian public health authorities [8]. Along this line,
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Table 1 Demographic and clinical features between patients exposed
or unexposed to influenza vaccine

Influenza vaccine exposure® [ (%)]

Yes No
Sex
Male 44,845 (44.78) 97,724 (43.52)
Female 55,303 (55.22) 126,811 (56.48)

Age category, years

65-69

70-74

75-79

80-84

>85

Cardiovascular risk score

Moderate

High

Very high

Comorbidities

Other cerebrovascular diseases

Other cardiovascular diseases

Gastroinestinal disorders

Hearth failure

Atrial fibrillation

Depression

Asthma/COPD

Polypharmacy (>4 drugs)

Prior history on bronchitis and/
or pneumonia

Pneumococcal vaccination

18,344 (18.32)
21,978 (21.95)
21,839 (21.81)
18,783 (18.76)
19,204 (19.18)

18,611 (18.58)
43,687 (43.62)
37,850 (37.79)

16,977 (16.95)
12,805 (12.79)
47,954 (47.88)
5696 (5.69)
11,506 (11.49)
23,694 (23.66)
19,473 (19.44)
81,825 (81.7)
6510 (6.5)

27,579 (27.54)

61,306 (27.3)
53,816 (23.97)
42,818 (19.07)
32,798 (14.61)
33,797 (15.05)

67,995 (30.28)
92,267 (41.09)
64,273 (28.62)

28,271 (12.59)
20,784 (9.26)
91,844 (40.9)

8396 (3.74)
18,654 (8.31)
45,056 (20.07)
31,858 (14.19)

145,086 (64.62)
11,540 (5.14)

19,328 (8.61)

COPD chronic obstructive pulmonary disease

2All of the reported p-values were <0.05 according to the Chi-square

test (two-sided o <0.05)

when the confounders entered the model using a stepwise
backward regression (i.e. software-based approach), the
results were consistent with those obtained for the primary
model (Table 3).

When the same analyses were repeated over the nine
influenza seasons, the results were generally consistent with
those observed during the 2018/2019 season, with the excep-
tion of the 2013/2014 and 2015/2016 seasons, in keeping
with Figs. 1 and 2. However, especially when the analysis
was limited to GPs with an influenza vaccine coverage of
55% or greater among elderly patients, inversion of the point
estimate was statistically significant when covariates coding
for polypharmacy and cardiovascular risk entered the model.
The effect size showed a small increase when pneumococ-
cal vaccination and history of lower respiratory tract infec-
tions were reached. Similar results were also obtained for
the 2018/2019 season (Appendix 2).
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4 Discussion

This retrospective study shows that among older primary
care patients, the influenza vaccine presented a clear pro-
tective effect by reducing the risk of all-cause death by 13%
during the 2018/2019 winter season. This effect was likely
underestimated by exposure misclassification, as we have
demonstrated by limiting the analyses to those GPs with a
vaccine coverage of 55% or greater among elderly patients.
These results were indeed consistent with the 20-30% risk
reduction reported in previous studies [3, 5, 6]. Of note,
these findings look to be strongly influenced by patients’
comorbidities. In this respect, while the raw model showed
an artificial increased risk (36% higher) of death for vac-
cinated versus unvaccinated individuals, when the use of
polypharmacy entered the model the HR moved below the
unit and remained stable for the following seven covariates
with no significant associations. After adjusting for the last
two covariates, we found that a prior history of lower res-
piratory tract infections and/or pneumococcal vaccinations
were the main confounders explaining the statistically sig-
nificant reduction in mortality among vaccinated patients.
Similar results were obtained for six of the other influenza
seasons, although the inversion of point estimates was sta-
tistically significant before pneumococcal vaccination and a
prior history of pneumonia entered the multivariate model.
Confounding by indication might be viewed as a vector of
covariates, including other comorbidities in addition to the
respiratory conditions. The latter were therefore the main
source of confounding for the 2018/2019 season, whose
particular relevance is due to its proximity to the incoming
influenza season. The fact that the 2013/2014 and 2015/2016
seasons did not show a significant protection for older vac-
cinees was likely due to vaccine mismatch [7, 22].

This methodological issue, which pertains to confound-
ing by indication [10], has been tackled in prior investi-
gations using a test-negative [5] study design and/or pro-
pensity score matching [6], but it also embeds a pragmatic
message as to whether the relative weight of the individual
confounder is examined. From a clinical and public health
perspective, these findings may ease the identification of
those individuals who can majorly benefit from influenza-
related immunization. The role of the pneumococcal vaccine
is indeed suggestive of conditions predisposing to pneumo-
nia, therefore confirming that respiratory complications are
likely the most burdening sequelae of influenza infection.
Along this line, there is also public health relevance for the
results on pneumococcal immunization. The acceptance
and administration of the pneumococcal vaccine was indeed
unsurprisingly related to the acceptance and administration
of the influenza vaccine. In Italy, the fact that these vac-
cines are usually co-injected by GPs offers a clear advantage,
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Fig. 1 Unadjusted and adjusted
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Table 2 Sequential adjunct of confounders in the multivariate model
estimating the risk of mortality between vaccinated or unvaccinated
patients (2018/2019 influenza season)

Covariates HR (95% CI)

Raw model 1.36 (1.26-1.47)
+ Sex (female) 1.36 (1.26-1.47)
+ Age 1.09 (1.01-1.18)
+ Polypharmacy 0.96 (0.89-1.04)

+ Cardiovascular risk 0.95 (0.87-1.02)
0.94 (0.87-1.02)
0.94 (0.87-1.02)
0.94 (0.87-1.02)
0.93 (0.86-1.01)
0.93 (0.86-1.01)
0.93 (0.86-1.01)
0.92 (0.85-1.00)
0.87 (0.80-0.95)

0.87 (0.80-0.95)

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Prior history on bronchitis and/or pneumonia
+ Pneumococcal vaccination

HR hazard ratio, CI confidence interval, COPD chronic obstructive
pulmonary disease

which has not yet been homogeneously adopted across Ital-
ian regions. Such a strategy might therefore be universal-
ized in primary care to foster the related vaccine coverage
in older adults [3, 17].

This analysis suffers from some limitations to account for
when interpreting the results. First, given the large underu-
tilization of laboratory diagnostics, it was not possible to
use laboratory-confirmed diagnoses of influenza, therefore
assuming a causal relationship with death. However, our

analyses were extended to several influenza seasons, therefore
covering many temporal patterns of proportions of potential
influenza cases, and consistent results were provided over the
ten seasons. Second, some unmeasured confounding character-
istics might explain part of the results. Specifically, the lack of
variable coding for a holistic health status or frailty measure
might be an unmeasured confounder with which a systematic
prevention strategy could be properly planned. Third, we cannot
exclude the burden of missing data on the operational defini-
tion of cardiovascular risk score, which includes information on
BMI and smoking, which are generally featured by missing data.
Nevertheless, this bias would be expectedly minimized, given
that the distribution of older patients with unrecorded values is
unlikely to be differential between exposure groups, given the
higher propensity for this patient category to receive GP care
[23,24].

5 Conclusions

The SARS-CoV-2 pandemic led to an unprecedented reduc-
tion in influenza burden for the 2020/2021 winter season
due to restrictions and preventive behavior posed by several
countries. With the current relaxation of restrictions, the
influenza virus has returned, along with other respiratory
infections, and we could pay the reduction of herd immunity
due to be almost exposed to the virus in the prior season. In
this context, we cannot divert attention to the proper use of
face masks, social distancing, and hand hygiene, which are
important measures against several respiratory viral diseases.
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Fig.2 Unadjusted and adjusted
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Table 3 Univariate and multivariate Cox regression: confounders are forced into the model or are selected according to the stepwise regression
method

Univariate HR (95% CI) Adjusted HR (95% CI)  Adjusted HR (95% CI)

Covariates are forced into Stepwise backward regression

the model

Vaccine (no)

Yes

Confounder

Sex (male)

Female

Age, years (60-69)

70-74

75-79

80-84

>85

Cardiovascular risk (mean/moderate)
High

Very high

Comorbidities

Other cerebrovascular disease
Other cardiovascular disease
Gastroinestinal disorders
Heart failure

Atrial fibrillation
Depression

Asthma/COPD

Presence of polypharmacy

Prior history on bronchitis and/or pneumonia

Presence of pneumococcal vaccination

1.36 (1.26-1.47)

0.88 (0.81-0.95)

1.66 (1.35-2.04)
3.08 (2.54-3.74)
5.15 (4.28-6.2)

14.85 (12.53-17.61)

1.49 (1.32-1.68)
3.12 (2.78-3.5)

1.83 (1.67-2.01)
1.98 (1.79-2.19)
1.2 (1.11-1.3)
4.96 (4.48-5.49)
2.62 (2.38-2.89)

1.4 (1.28-1.53)
1.82 (1.66-1.99)

3.3 (2.94-3.72)
2.22(1.97-2.51)
2.01 (1.83-2.2)

0.87 (0.8-0.95)

0.74 (0.68-0.8)

1.49 (1.21-1.84)
2.54 (2.09-3.09)
3.86 (3.2-4.67)

10.67 (8.95-12.73)

0.89 (0.78-1)
1.18 (1.04-1.33)

1.12 (1.02-1.23)
1.16 (1.04-1.28)
0.96 (0.89-1.04)
1.98 (1.77-2.21)
1.23 (1.11-1.36)
1.17 (1.07-1.28)
1.25 (1.14-1.37)
2.12 (1.87-2.4)

1.42 (1.26-1.61)
1.29 (1.17-1.42)

0.87 (0.8-0.95)

0.74 (0.68-0.8)

1.49 (1.21-1.84)
2.54 (2.09-3.09)
3.87 (3.2-4.68)
10.7 (8.97-12.75)

0.88 (0.78-1)
1.17 (1.04-1.33)

1.12 (1.02-1.23)
1.15 (1.04-1.28)
1.98 (1.77-2.21)
1.23 (1.11-1.36)
1.17 (1.07-1.27)
1.25 (1.14-1.37)
2.11 (1.86-2.39)
1.42 (1.26-1.61)
1.28 (1.16-1.42)

HR hazard ratio, CI confidence interval, COPD chronic obstructive pulmonary disease
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Nonetheless, their effectiveness might be negligible without
acceptable influenza vaccine coverage, especially in older

patients with a history of lower respiratory tract infections,
which is the main source of confounding by indication.

Appendix 1
Season Epidemic period [8] (Sub)type distribution, %
Start End Dura-  Peak HIN1 HIN1 H3N2 Ant B
tion, pdm09
weeks
1999/2000 1999-50 2000-09 12 2000-02 2 - 80 17 1
(13/12/99— (28/02/00— (10/01/00-
19/12/99) 5/03/00) 16/01/00)
2000/2001 2001-03 2001-10 8 2001-06 72 - 0 20 8
(15/01/01- (5/03/01- (5/02/01-
21/01/01) 11/03/01) 11/02/01)
2001/2002 2002-01 2002-12 12 2002-05 0 - 25 1 74
(31/12/01- (18/03/02— (28/01/02—
6/01/02) 24/03/02) 3/02/02)
2002/2003 2003-02 2003-14 13 2003-09 5 - 89 1 5
(6/01/03— (31/03/03— (24/02/03—
13/01/03) 6/04/03 2/03/03)
2003/2004 2004-02 2004-13 12 2004-06 2 - 71 19 8
(5/01/04— (22/03/04— (2/02/04—
11/01/04) 28/03/04) 8/02/04)
2004/2005 2004-53 2005-12 13 2005-06 10 - 49 24 17
(27/12/04— (21/03/05- (7/02/05—
2/01/05) 27/03/05) 13/02/05)
2005/2006 2006-04 2006-13 10 2006-12 37 - 14 26 23
(23/01/06— (27/03/06— (20/03/06—
29/01/06) 2/04/06) 26/03/06)
2006/2007 2007-02 2007-11 10 2007-07 24 - 52 18 6
(8/01/07— (12/03/07- (12/02/07-
14/01/07) 18/03/07) 18/02/07)
2007/2008 2007-52 2008-11 12 2008-05 38 - 6 48 8
(24/12/07- (10/03/08— (28/01/08—
30/12/07) 16/03/08) 3/02/08)
2008/2009 2008-52 2009-11 12 2009-04 82 - 4 9 6
(22/12/08— (9/03/09— (19/01/09—
28/12/08) 15/03/09) 25/01/09)
2009/2010 2009-43 2010-07 11 2009-46 - 96 2 1 1
(19/10/09- (15/02/10- (15/11/10-
25/10/09) 21/02/10) 21/11/10)
2010/2011 2010-50 2011-11 14 2011-05 - 62 2 8 28
(13/12/10- (14/03/11- (31/01/11-6/02—
19/12/10) 20/03/11) 11)
2011/2012 2011-51 2012-11 13 2012-05 - 0 89 7 4
(19712/11- (12/03/12- (30/01/12—
25/12/11) 18/03/12) 5/02/12)
2012/2013 2012-51 2013-13 15 2013-06 - 34 5 3 58
(17/12/12— (25/03/13— (4/02/13—
23/12/12) 31/03/13) 10/02/13)
2013/2014 2013-52 2014-13 14 2014-06 - 34 56 7 3
(23/12/13— (24/03/14— (3/02/14—
29/13/13) 30/03/14) 9/03/14)
2014/2015 2014-51 2015-13 15 2014-04 - 44 34 6 16
(15/12/14— (23/03/15— (19/01/15-
21/12/14) 29/03/15) 25/01/15)
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Season Epidemic period [8] (Sub)type distribution, %
Start End Dura-  Peak HINI1 HINI1 H3N2 Ant B
tion, pdm09
weeks
2015/2016 2016-01 2016-14 14 2016-08 - 24 15 4 57
(4/01/16— (4/04/16— (22/02/16—
10/01/16) 10/04/16) 28/02/16)
2016/2017 201648 2017-09 14 2016-52 - 1 88 6 5
(28/11/16- (27/02/17- (26/12/16-
4/12/16) 5/03/17) 1/01/17)
2017/2018 2017-48 2018-11 17 2018-02 - 38 1 1 60
Q71/17- (12/03/18- (8/01/18-
3/12/17) 18/03/18) 14/01/18)
2018/2019 2018-47 2019-13 19 2019-05 - 46 46 8 0
(19/11/18- (25/03/19- (28/01/19-
25/11/18) 31/03/19) 3/02/19)

Epidemic threshold = 2/1000 in general population

Appendix 2. Sequential adjunct of confounders in the multivariate model estimating the risk
of mortality between vaccinated or unvaccinated patients (from 2009/2010 to 2018/2019

influenza seasons; 2016/2017 season is excluded)

Full cohort
HR (95% CI)

At least 55% vaccine coverage

HR (95% CI)

Season 2009/2010

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease
+ Other cardiovascular disease
+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history of bronchitis and/or pneumonia
Season 2010/2011

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease
+ Other cardiovascular disease
+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

1.12 (1.03-1.22)
1.12 (1.02-1.22)
0.99 (0.91-1.08)
0.74 (0.68-0.81)
0.77 (0.7-0.84)
0.76 (0.7-0.83)
0.76 (0.7-0.83)
0.76 (0.69-0.83)
0.75 (0.69-0.82)
0.75 (0.69-0.82)
0.75 (0.68-0.81)
0.74 (0.68-0.81)
0.7 (0.64-0.77)
0.7 (0.64-0.77)

1.5 (1.37-1.64)

1.5 (1.37-1.64)
1.28 (1.17-1.4)
0.98 (0.89-1.07)
0.98 (0.89-1.08)
0.97 (0.88-1.06)
0.97 (0.88-1.06)
0.96 (0.88-1.06)
0.95 (0.86-1.04)
0.94 (0.86-1.04)

0.68 (0.42-1.09)
0.68 (0.42-1.09)
0.52 (0.32-0.84)
0.37 (0.22-0.61)
0.37 (0.22-0.61)
0.37 (0.22-0.61)
0.37 (0.22-0.61)
0.36 (0.22-0.6)

0.36 (0.21-0.6)

0.35(0.21-0.59)
0.36 (0.21-0.59)
0.35(0.21-0.59)
0.34 (0.2-0.57)

0.34 (0.2-0.56)

1.15 (0.98-1.35)
1.14 (0.97-1.34)
0.86 (0.73-1.01)
0.58 (0.49-0.68)
0.58 (0.49-0.69)
0.58 (0.49-0.69)
0.58 (0.48-0.68)
0.57 (0.48-0.68)
0.57 (0.48-0.67)
0.57 (0.48-0.67)

A\ Adis



A Cohort Study on Influenza Vaccine

653

Full cohort
HR (95% CI)

At least 55% vaccine coverage

HR (95% CI)

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history of bronchitis and/or pneumonia
Season 2011/2012

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history of bronchitis and/or pneumonia
Season 2012/2013

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history of bronchitis and/or pneumonia
Season 2013/2014

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination

+ Prior history of bronchitis and/or pneumonia

0.94 (0.85-1.03)
0.93 (0.85-1.02)

0.9 (0.82-0.99)
0.89 (0.81-0.99)

1.42 (1.3-1.56)
1.42 (1.3-1.56)
1.22 (1.11-1.33)
0.95 (0.87-1.05)
0.97 (0.88-1.06)
0.96 (0.87-1.05)
0.96 (0.87-1.05)
0.96 (0.87-1.05)
0.94 (0.86-1.04)
0.94 (0.86-1.04)
0.94 (0.86-1.03)
0.93 (0.85-1.03)
0.9 (0.82-0.99)
0.9 (0.82-0.99)

1.51 (1.38-1.65)
1.5 (1.38-1.65)
1.23 (1.13-1.35)
0.98 (0.9-1.08)
0.98 (0.9-1.08)
0.98 (0.89-1.07)
0.98 (0.89-1.07)
0.97 (0.89-1.07)
0.96 (0.87-1.05)
0.96 (0.87-1.05)
0.96 (0.87-1.05)
0.95 (0.87-1.04)
0.91 (0.83-1.01)
0.91 (0.83-1.01)

1.8 (1.64-1.99)

1.8 (1.64-1.99)
1.46 (1.32-1.61)
1.18 (1.07-1.3)
1.17 (1.05-1.29)
1.16 (1.05-1.28)
1.16 (1.05-1.28)
1.16 (1.05-1.28)
1.15 (1.04-1.27)
1.14 (1.04-1.27)
1.14 (1.03-1.26)
1.13 (1.02-1.25)
1.09 (0.98-1.21)
1.09 (0.99-1.21)

0.56 (0.47-0.67)
0.56 (0.47-0.67)
0.55 (0.46-0.66)
0.55 (0.46-0.65)

1.29 (1.08-1.53)
1.29 (1.08-1.53)
0.95 (0.8-1.13)

0.66 (0.55-0.79)
0.66 (0.55-0.8)

0.66 (0.55-0.79)
0.66 (0.55-0.79)
0.66 (0.55-0.79)
0.65 (0.54-0.78)
0.65 (0.54-0.78)
0.65 (0.54-0.78)
0.65 (0.54-0.78)
0.64 (0.53-0.77)
0.63 (0.53-0.76)

1.2 (0.96-1.49)
1.2 (0.96-1.49)
0.83 (0.66-1.04)
0.59 (0.47-0.74)
0.6 (0.47-0.76)
0.6 (0.47-0.76)
0.59 (0.47-0.75)
0.59 (0.47-0.75)
0.59 (0.47-0.75)
0.59 (0.47-0.75)
0.6 (0.47-0.76)
0.6 (0.47-0.75)
0.59 (0.47-0.75)
0.59 (0.46-0.75)

1.8 (1.45-2.24)

1.8 (1.45-2.23)
1.22 (0.98-1.51)
0.89 (0.71-1.12)
0.89 (0.71-1.12)
0.88 (0.7-1.11)
0.88 (0.7-1.1)
0.88 (0.7-1.11)
0.88 (0.7-1.11)
0.88 (0.7-1.11)
0.88 (0.7-1.11)
0.88 (0.7-1.1)
0.88 (0.7-1.12)
0.88 (0.7-1.11)
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Full cohort
HR (95% CI)

At least 55% vaccine coverage

HR (95% CI)

Season 2014/2015

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history of bronchitis and/or pneumonia
Season 2015/2016

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history on bronchitis and/or pneumonia
Season 2017/2018

Raw model

+ Gender

+ Age

+ Presence of polypharmacy

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination
+ Prior history on bronchitis and/or pneumonia
Season 2018/2019

No Covariate

+ Gender

+ Age

+ Presence of polypharmacy

1.64 (1.5-1.79)

1.63 (1.49-1.79)
1.31 (1.2-1.43)

1.09 (0.99-1.19)
1.08 (0.98-1.18)
1.07 (0.98-1.18)
1.07 (0.97-1.17)
1.07 (0.97-1.17)
1.06 (0.96-1.16)
1.05 (0.96-1.16)
1.05 (0.96-1.15)
1.04 (0.95-1.14)
0.99 (0.9-1.09)

0.99 (0.9-1.09)

1.81 (1.63-2)
1.8 (1.62-2)
1.41 (1.27-1.57)
1.16 (1.05-1.29)
1.15 (1.04-1.28)
15 (1.03-1.28)
15 (1.03-1.28)
15 (1.03-1.28)
13 (1.02-1.26)
13 (1.01-1.25)
12 (1.01-1.25)
12 (1-1.24)
1.06 (0.95-1.19)
1.07 (0.96-1.2)

—_— = = e =

—

1.32 (1.21-1.44)
1.32(1.21-1.43)
1.08 (0.99-1.18)
0.93 (0.85-1.01)
0.9 (0.83-0.99)
0.9 (0.82-0.98)
0.9 (0.82-0.98)
0.9 (0.82-0.98)
0.88 (0.81-0.97)
0.88 (0.81-0.96)
0.88 (0.81-0.96)
0.87 (0.8-0.95)
0.8 (0.73-0.88)
0.8 (0.73-0.88)

1.36 (1.26-1.47)
1.36 (1.26-1.47)
1.09 (1.01-1.18)
0.96 (0.89-1.04)

1.54 (1.21-1.96)
1.54 (1.21-1.95)
1.03 (0.81-1.31)
0.79 (0.61-1.02)
0.78 (0.61-1.01)
0.78 (0.6-1)
0.77 (0.6-0.99)
0.77 (0.6-0.99)
0.77 (0.59-0.99)
0.76 (0.59-0.98)
0.76 (0.59-0.98)
0.75 (0.58-0.97)
0.75 (0.57-0.97)
0.74 (0.57-0.97)

1.65 (1.24-2.19)
1.65 (1.24-2.19)
1.05 (0.79-1.41)
0.81 (0.6-1.09)

0.79 (0.58-1.07)
0.78 (0.58-1.06)
0.78 (0.58-1.06)
0.78 (0.58-1.05)
0.78 (0.57-1.05)
0.77 (0.57-1.04)
0.77 (0.57-1.04)
0.76 (0.56-1.03)
0.76 (0.56-1.04)
0.76 (0.56-1.04)

1.15 (0.91-1.47)
1.15 (0.91-1.47)
0.84 (0.66-1.08)
0.64 (0.5-0.82)
0.62 (0.48-0.8)
0.62 (0.48-0.8)
0.62 (0.48-0.8)
0.62 (0.48-0.8)
0.62 (0.48-0.8)
0.62 (0.48-0.8)
0.62 (0.48-0.79)
0.62 (0.48-0.79)
0.6 (0.46-0.78)
0.6 (0.46-0.77)

1.17 (0.91-1.49)
1.16 (0.91-1.49)
0.79 (0.62-1.02)
0.59 (0.46-0.76)
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Full cohort
HR (95% CI)

At least 55% vaccine coverage

HR (95% CI)

+ Cardiovascular risk

+ Other cerebrovascular disease

+ Other cardiovascular disease

+ Gastroinestinal disorders

+ Hearth failure

+ Atrial fibrillation

+ Depression

+ Asthma/COPD

+ Presence of pneumococcal vaccination

+ Prior history on bronchitis and/or pneumonia

0.95 (0.87-1.02)
0.94 (0.87-1.02)
0.94 (0.87-1.02)
0.94 (0.87-1.02)
0.93 (0.86-1.01)
0.93 (0.86-1.01)
0.93 (0.86-1.01)
0.92 (0.85-1.00)
0.87 (0.80-0.95)
0.87 (0.80-0.95)

0.59 (0.46-0.76)
0.59 (0.46-0.76)
0.59 (0.46-0.76)
0.59 (0.46-0.76)
0.58 (0.45-0.75)
0.58 (0.45-0.75)
0.58 (0.45-0.75)
0.57 (0.44-0.74)
0.57 (0.44-0.74)
0.57 (0.44-0.74)
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