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ABSTRACT

At the beginning of each flu season, the Italian Ministry of Health defines the categories at higher risk of
influenza complications, for which vaccination is actively and freely offered. The vaccine coverage (VC) of
the influenza vaccine in subjects from 6 months to 64 years of age suffering from diseases that increase
the risk of complications from influenza during the 2020-2021 season was evaluated. Our study wants to
evaluate the VCs of the influenza vaccine in these subjects during the 2020/2021 season in Apulia. The
digital archives relative to the Apulian population were used. A retrospective cohort study design was prevention; cause—effect
performed. 484,636 Apulian residents aged between 6 months and 64 years suffered from at least one relationship; chronic disease;
chronic disease; 139,222 of 484,636 subjects received the influenza vaccine (VC: 28.7%) from flu

October 2020 to January 2021. Considering the single comorbidities, the greatest values are found for

pathologies for which major surgical interventions are planned and chronic renal failure/adrenal insuffi-

ciency patients, while the worst for chronic liver diseases and pathologies for which major surgical

interventions are planned. In any case, it would seem that better VC is achieved in subjects with more

than one chronic condition. Influenza vaccination must be promoted as a central public health measure,

also because by reducing the burden on hospitals, it can greatly benefit the management of COVID-19

patients. Greater efforts by public health institutions must be implemented in order to achieve better VC
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in the target categories, including chronic patients.

Introduction

Influenza viruses typically circulate each year in the northern
hemisphere, most commonly from the late fall through the
early spring. Most persons who become ill after influenza virus
infection recover without serious complications or sequelae.
However, influenza can be associated with serious illnesses,
hospitalizations, and deaths, particularly among older adults,
very young children, pregnant women, and persons of all ages
with certain chronic medical conditions." Routine annual
influenza vaccination provides important protection from
influenza illness and its potential complications; vaccination
for all persons aged 26 months who do not have contraindica-
tions has been recommended by the Center for Disease
Control and Prevention (CDC) and the Advisory Committee
on Immunization Practices (ACIP) since 2010.!

At the beginning of each flu season, the Italian Ministry of
Health defines the categories at higher risk of influenza com-
plications, according to international Public Health institution
recommendations,” for which vaccination is actively and freely
offered. For 2020/2021 influenza season, the target categories
were subjects with age =65 years, pregnant women, subjects
employed in public services of primary collective interest
(including healthcare workers), workers who are in contact
with animals that could be a source of non-human influenza
virus infection, blood donors, and subjects from 6 months to
64 years of age suffering from diseases that increase the risk of

complications from influenza.’ Furthermore, the objectives of
vaccine coverage (VC) are defined as follows: 75% as the
minimum achievable goal and 95% as an optimal goal.’

Influenza cases among people suffering from chronic dis-
eases are a major issue from a Public Health point of view.
A 2019 New Zealand study” estimated that from 2012 to 2015
2435 influenza-associated severe acute respiratory illness hos-
pitalizations occurred; hospitalization rates were significantly
higher in those with chronic medical conditions compared
with healthy one. The largest effects occurred with congestive
heart failure, end-stage renal disease, and chronic obstructive
pulmonary disease. CDC estimated that during 2019/20 influ-
enza season in US among 6,399 flu-associated hospitalized
adults, 92.6% had at least one reported underlying medical
condition that placed them at high risk for influenza-
associated complications.”

Thus, in this study, we evaluated the VCs of the influenza
vaccine in subjects from 6 months to 64 years of age suffering
from diseases that increase the risk of complications from
influenza during the 2020/2021 season. This topic is poor
investigated in the literature; the Regional Office for Europe
of the World Health Organization reported a VC of 33.8% in
Italian residents with chronic diseases.® A 2019 Italian study’
investigated the knowledge and attitudes concerning influenza
vaccination in a sample of 700 adults with chronic conditions;
less than half of the sample (42.1%) received influenza vaccine
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in the last season, and 46.9% declared the will receive influenza
vaccination in the next season.

Our study was carried out in Apulia (South Italy, around
4,000,000 inhabitants). In Apulia, before the 2020-2021 influ-
enza season, 974,643 residents were vaccinated (VC: 26.0%);
415,583 doses were administered to 6 months-64 years old
subjects (VC: 13.6%), and 559,060 to =65 years old residents
(VC: 62.7%).

Material and methods

This is a retrospective cohort study.

Information on chronic diseases was checked using the
Edotto platform of the Apulian Health Information System.
Edotto, set up in 2012, allows the integration of various
branches of the Italian healthcare system (Public Health
Department, Regional Health Agency, healthcare companies,
general practitioners, pharmacies, hospital physicians, etc.).
From Edotto’s regional archive, the list of Apulian inhabitants
aged from 6 months to 64 years was extracted; the reference
period was from 1 October 2020 to January 31, 2021. High-risk
patients were defined according to the findings of a 2018
Italian paper by Martinelli et al.® Those authors reviewed
published recommendations on medical conditions for which
vaccination against influenza was indicated and then they
associated these medical conditions with the Italian user-fee
exemption codes.® Finally, the dataset was decoded using the
risk categories defined by Martinelli D et al,, in order to
identify patients with at least one chronic disease.
Furthermore, 11 risk categories were identified (according to
the Italian Ministry of Health®): chronic lung diseases, cardio-
pathies, diabetes mellitus, and other metabolic diseases,
chronic renal failure/adrenal insufficiency, hematopathies
and hemoglobinopathies, tumors, HIV and immunodepres-
sion, chronic inflammatory diseases and bowel malabsorption
syndromes, pathologies for which major surgical interventions
are planned, pathologies associated with an increased risk of
aspiration of respiratory secretions, chronic liver diseases.

The overall vaccination status was assessed using the
Regional Immunization Database (GIAVA). GIAVA is
a computerized vaccination registry containing information
on the vaccination history of every Apulian inhabitant;’ it
can also be used to generate an immunization schedule.
Records of influenza vaccination between October 2020 and
January 2021 were extracted and matched with the data
obtained from Edotto using the patients’ unique PINs. The

vaccine recommended during 2020/21 influenza season in
Apulia were the quadrivalent inactivated influenza vaccine
(Vaxigrip Tetra®, Sanofi Italia, Italy, Mian (MI), 20158) from
6 months to 74 years old, the quadrivalent inactivated cell-
based influenza vaccine (Flucelvax® Tetra, Seqirus, Italy,
Monteriggioni (SI), 53035) for healthcare workers ages <75
years old and the trivalent inactivated adjuvanted influenza
vaccine (Fluad™, Seqirus, Italy, Monteriggioni (SI), 53035) for
>75 years old subjects and for 60-74 years old frail patients, at
the discretion of the medical opinion.'

The final dataset was created as an Excel spreadsheet that
included information on sex, age, influenza vaccine (YES/NO),
vaccines formula, chronic disease (YES/NO) and risk cate-
gories. An anonymized data analysis was performed using
the STATA MP17 software.

Continuous variables are presented as the median and
interquartile range (IQR) and categorical variables as
proportions.

The determinants of vaccination (YES/NO) were assessed
using multivariate logistic regression model, considering sex
(male vs. female), age (years), and number of comorbidities as
determinants. The adjusted odds ratio (aOR) was calculated
together with the 95%CI.

For all the tests, a two-sided p-value <.05 was considered to
indicate statistical significance.

Results

From Edotto’s regional archive, 484,636 on 3,061,463 (15.8%)
Apulian residents aged between 6 months and 64 years
reported an exemption for at least one chronic disease. Of
these, 271,025 (55.9%) were females and the median age was
of 53 years (range IQR: 42-59). 392,650 (81.0%) subjects
reported one comorbidity, 79,915 (16.5%) reported two
comorbidities, 10,719 (2.2%) reported three comorbidities
and 1,352 (0.3%) reported more than three comorbidities.
Table 1 describes the number of Apulian inhabitants aged
between 6 months and 64 years and suffering from at least
one chronic disease, per comorbidity.

139,222 of 484,636 subjects received the influenza vaccine
(VC: 28.7%); the quadrivalent inactivated influenza vaccine
(qIIV) was administered to 118,202 (84.8%) subjects, the quad-
rivalent inactivated cell-based influenza vaccine (qIcbV) was
administered to 10,925 (7.9%) subjects, and the trivalent inac-
tivated adjuvanted influenza vaccine (tIaIV) was administer to
10,095 (7.3%) subjects.

Table 1. Frequency of Apulian inhabitants aged between 6 months and 64 years and suffering from at least one chronic

disease, per comorbidity.

Chronic condition n %

Diabetes mellitus and other metabolic diseases 203,733 420
Cardiopathy 164,991 34.0
Tumors 75,277 15.5
Chronic lung diseases 58,576 10.0
Chronic inflammatory diseases and bowel malabsorption syndromes 38,135 7.9
Pathologies associated with an increased risk of aspiration of respiratory secretions 22,885 4.7
Chronic liver diseases 18,462 3.8
Chronic renal failure/adrenal insufficiency 6,246 13
HIV and immunodepression 4,464 0.9
Hematopathies and hemoglobinopathies 1,816 0.4

Pathologies for which major surgical interventions are planned 994 0.2




VC increases as the number of chronic diseases increases,
with 26.0% (n=101,939) in subjects with one comorbidity,
39.4% (n=31,463) in subjects with two comorbidities, 47.8%
(n=5,128) in subjects with three comorbidities and 51.2% (n
=692) in subjects with more than three comorbidities. The
VCs reached per chronic disease are described in Figure 1, and
the characteristics of the vaccinated subjects according to their
specific chronic condition are described in Table 2.

The results of the multivariate analysis are described in
Table 3.

Discussion

Our study shows a vaccination coverage value of 29% in the
study population, ranging from 23% to 46% depending on the
underlying disease; these values are very far from the mini-
mum achievable goal (75%), as defined by the Italian Ministry
of Health.” According to the PASSI survey, the VC in n 18-64
years old Italian subjects with at least one chronic disease was
23.3% in the 2019/2020 influenza season.'' Considering the
individual comorbidities, the lack of vaccination in Italian
hepatic subjects was investigated in a 2021 Italian study,'
that interviewed 818 patients reporting a VC of 26.9% in
subjects aged <65 years, confirming the value found in our
study (28.2%). The authors concluded that more efforts are
need to reach higher VC in this subgroup population. It must
be considered that the progression of liver disease is associated
with immune dysregulation and complications from common
acute infections such as influenza cause significant morbidity

planned major surgical interventions
chronic renal failure/adrenal insufficiency
HIV and immunodepression
cardiopathies
tumors

chronic lung diseases

Chronic condition

hematopathies and hemoglobinopathies

diabetes mellitus and other metabolic diseases

chronic inflammatory diseases and bowel malabsorption syndromes

chronic liver diseases
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and mortality’> and so vaccination in these subjects is
a priority. Surprisingly, diabetes, cardiopathies, HIV and
immunodepression, chronic inflammatory diseases and
bowel malabsorption syndromes and chronic renal failure/
adrenal insufficiency did not reach high values of VC. As
reported by CDC, people with diabetes are at higher risk of
developing serious influenza complications, which can result
in hospitalization and death; in this subgroup population,
influenza vaccination has been shown to reduce the risk of
getting sick as well as reduce the risk of having a serious
influenza outcome (hospitalization or intensive care unit)."*
Regarding cardiovascular diseases, a 2021 review'> showed that
influenza vaccine was associated with a lower risk of all-cause
mortality (RR = 0.75; 95%CI = 0.60-0.93), cardiovascular mortal-
ity (RR = 0.82; 95%CI = 0.80-0.84) and major adverse cardiovas-
cular events (RR=0.87; 95%CI = 0.80-0.94). Epidemiological
data have confirmed that immunocompromised patients are at
high risk of influenza-associated complications. Even if the
immunogenicity of the influenza vaccine is overall reduced in
these subjects, the efficacy and safety of the vaccination in immu-
nocompromised subjects is comparable to that of healthy
subjects.'® Even for chronic inflammatory diseases and bowel
malabsorption syndromes, the vaccine is an indispensable tool
to protect the patient from the complications of the influenza.'”
Finally, it must be considered that infections are the second most
common cause of death in the chronic kidney disease
population.'®

From the analyzed data it would seem that there is greater
attention in vaccinating the subjects with more than one

[ R

increased risk of aspiration of respiratory secretions _ 23.1%

0% 5%

10% 15% 20% 25% 30% 35% 40% 45% 50%

Figure 1. Vaccine coverage (%) of Apulian inhabitants aged between 6 months and 64 years and suffering from at least one chronic disease, per comorbidity.
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Table 2. Characteristic of vaccinated Apulian inhabitants aged between 6 months and 64 years, per comorbidity.

Chronic condition

n. of vaccinated Mean age Male sex Vaccine formula

Pathologies for which major surgical interventions are planned

Chronic renal failure/adrenal insufficiency

HIV and immunodepression

Cardiopathy

Tumors

Chronic lung diseases

Hematopathies and hemoglobinopathies

Diabetes mellitus and other metabolic diseases

Chronic inflammatory diseases and bowel malabsorption syndromes

Chronic liver diseases

Pathologies associated with an increased risk of aspiration of respiratory secretions

455 524+10.1 292 (64.2%) QllV; 392 (86.1%)
QlcbV; 25 (5.5%)
TlalV; 38 (8.4%)
QlIV; 2,095 (86.6%)
QlcbV; 124 (5.1%)
TlalV; 200 (8.3%)
QllV; 1,402 (87.7%)
QlcbV; 90 (5.6%)
TlalV; 107 (6.7%)
QlIV; 48,585 (83.4%)
QlcbV; 4,716 (8.1%)
TlalV; 4,940 (8.5%)
QllV; 20,943 (85.0%)
QlcbV; 1,760 (7.2%)
TlalV; 1,929 (7.8%)
QllV; 13,331 (88.4%)

[ )

[ )

[ )
2,419 .
[ )
[ )
[ ]
[ )
[ )
[ ]
[ )
[ ]
[ )
[ ]
[ ]
[ )
® QichV; 946 (6.3%)
[ ]
[ )
[ ]
[
[ ]
[ )
[ )
[ ]
[ )
[ )
[
[ ]
[ )
[
[ )
[ ]

527+120 1,513 (62.6%)

1,599 48.1+149 935 (58.5%)

58,241 56.7+8.7 32,680 (56.1%)

24,632 543+98 8,336 (33.8%)

15,081 428+17.9 7,059 (46.8%)
TlalV; 804 (5.3%)
QlIV; 488 (89.7%)
QlcbV; 35 (6.4%)
TlalV; 21 (3.9%)
QllV; 50,238 (84.0%)
QlcbV; 4,759 (8.0%)
TlalV; 4,756 (8.0%)
Qllv; 8,071 (86.3%)
QlcbV; 765 (8.2%)
TlalV; 521 (5.5%)
QlIV; 3,760 (84.8%)
QlcbV; 324 (7.3%)
TlalV; 351 (7.9%)
QlIV; 4,685 (88.5%)
QlcbV; 292 (5.5%)
TlalV; 319 (6.0%)

544 382+176 281 (51.7%)

39,753 542+10.8 24,273 (40.6%)

9,357 443+174 3,457 (37.1%)

4,435 557+76 2,828 (63.8%)

5,296 432+16.2 2,529 (47.8%)

qllV: quadrivalent inactivated influenza vaccine; glcbV: quadrivalent inactivated cell-based influenza vaccine; tlalV: trivalent inactivated adjuvanted influenza vaccine.

Table 3. The determinants of vaccination according to multivariate logistic
regression model.

Total population

Determinant aOR 95%Cl p-value
Age (years) 1.027 1.026-1.028 <.0001
Sex (male vs. female) 1.10 1.08-1.11 <.0001
Number of comorbidities
® Dvs. 1 1.58 1.56-1.62 <.0001
® 3vs. 1 2.15 2.07-2.24 <.0001
® >3vs. 1 245 2.21-2.73 <.0001

comorbidity, as also confirmed by the multivariate regression
model. Moreover, the multivariate model also highlights how
vaccination compliance increases with age, and male subjects
seem to be associated with vaccination uptake.

In summary, the VC achieved in our sample is very far from
the minimum achievable goal (75%); considering the single
comorbidities, the greatest values are found for pathologies for
which major surgical interventions are planned and chronic
renal failure/adrenal insufficiency patients, while the worst for
chronic liver diseases and pathologies for which major surgical
interventions are planned. In any case, it would seem that
better vaccination coverage is achieved in subjects with more
than one chronic condition. Several reasons could explain the
low value of VC; firstly, a main role is assigned to physicians,
especially the General Practitioner and the branch specialists.
Indeed, patients, especially chronic ones, identify these figures
as a major source of trust; therefore, it is a duty to recommend
the vaccine to patients in order to protect them from any

serious complications of the flu. To ensure this, physicians
should be adequately trained and up-to-date on seasonal flu
vaccine recommendations, so that they can recommend it with
good knowledge and conscience. Secondly, the lack of a culture
of prevention is deeply rooted in Italy, and this leads to
unconsidered choices by the patients themselves. Thirdly, the
difficulty of government and public health institutions in pro-
posing effective and non-confusing vaccine communication
and promotion campaigns is an important factor in vaccine
hesitancy.'® Finally, the fear of adverse events following immu-
nization, and the unjustified fear of a worsening of clinical
conditions after the vaccine could be an explanation for bad
attitude.

To our knowledge, no other studies are reported in the
literature that investigate the topic in question with such
a large sample and for such a wide range of diseases. An
above cited 2021 study'” reported a VC of 26.9% in subjects
aged <65 years affected by chronic hepatic diseases in 2018/19
influenza season. A 2020 Italian study® investigated the cover-
age rate in four consecutive influenza seasons (from 2011/2012
to 2014/2015) in subjects affected by chronic heart disease; the
levels of influenza vaccine uptake ranged from the 28.3% in
2011/2012 season and to 22.3% in the following year in the 15-
64 years old age group. Finally, a 2021 review”' estimated a VC
of 53% in splenectomized patients, worldwide.

The strength of our study is to investigate a topic not much
studied in the literature in a very large sample. Moreover, the
study’s design allowed us to evaluate the cause-effect



relationship between the vaccine uptake and many determi-
nants. However, it should also be noted that the referenced
archives were established for administrative and non-
epidemiological purposes such that, at least theoretically,
there was a risk of related bias. Moreover, considering that
only subjects that obtained an active exemption were enrolled,
the possibility that other individuals with chronic condition
but without exemption were not included cannot be ignored.
The sources of our data do not allow to perform further
analyses, as the evaluation of vaccine effectiveness or the sur-
veillance of adverse events after immunization in this popula-
tion. Another limitation of the study was that the vaccination
campaign of 2020/21 influenza season was developed in the
context of the COVID pandemic; compared to previous flu
seasons, higher coverage values were achieved, presumably due
to the pandemic. Therefore, the results of our study must also
be read in this light. Future studies should similarly evaluate
the role of other vaccines (e.g. anti-pneumococcal vaccine) and
should record the VC values during multiple influenza
seasons.

The results of this study highlight that important immu-
nization strategies in this subset of patients need to be imple-
mented to achieve better vaccination coverage. First of all, it
must be specified that in Italy the immunization of the
population enrolled is entrusted to General Practitioners;
a proposal could be to support them with specialists from
various medical branches, as well as vaccinologists. A more
important role should be guaranteed by the Department of
Public Health, which could provide facilities and health per-
sonnel to immunize some target categories; for example, it
could organize open days inviting the population at risk, or
evaluate on-site vaccination teams in target facilities (e.g.
school, commercial facilities); indeed, on-site vaccination
has proved to be an effective strategy to immunize some
population subgroups.”* Nosocomial structures should also
be involved in immunization strategies; in fact, as already
experimented with the vaccination campaign against
COVIDI19, hospital wards could call their chronic patients
for ad hoc vaccination sessions. Also in this case, the active
offer of vaccination to chronic patients has proved to be
a winning stra‘[egy.23

Influenza vaccination must be promoted as an important
public health measure during the coronavirus pandemic, given
that, as noted by Paget J and Caini S,** by preventing influenza
infections it can both simplify the differential diagnosis of
COVID-19 and free up healthcare facilities to deal with these
patients. Indeed, one of the major issues of the COVID-19
pandemic has been the overwhelming of healthcare systems;*
it may also contain the health effects and social consequences
of the COVID-19 pandemic.***’

In conclusion, greater efforts by public health institutions
must be implemented in order to achieve better vaccination
coverage in the target categories, including chronic patients.
The organization implemented during the COVID-19 vacci-
nation campaign could be taken as an example to ensure quick
access to the influenza vaccine for a large part of the popula-
tion. Influenza vaccine safety and efficacy data®®>° require
greater efforts to immunize a category of patients at high risk
for influenza complications.
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