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Abstract: The objective of this study was to assess the impact of the COVID-19 pandemic on patients’
perceptions regarding infection risk and vaccination in subjects suffering from chronic diseases.
A prospective observational multicentric study conducted from December 2020 to April 2021 in
three French University Hospitals. Patients with chronic diseases were proposed to complete a
questionnaire regarding the impact of the COVID-19 pandemic on infectious risk knowledge and
vaccination. A total of 1151 patients were included and analyzed (62% of which were people with
diabetes). The COVID-19 pandemic increased awareness of infectious risks by 19.3%, significantly
more in people with diabetes (23.2%, from 54.4% to 67.0%, p < 0.01) when compared to the other
high-risk patients (12.5%, from 50.5% to 56.8%, p = 0.06). Respectively, 30.6% and 16.5% of patients
not up-to-date for pneumococcal and flu vaccines reported wanting to update their vaccination
due to the COVID-19 pandemic. By contrast, the proportion of patients against vaccines increased
during the COVID-19 pandemic (6.0% vs. 9.5%, p < 0.01). The COVID-19 pandemic has led to a small
increase in awareness regarding the risks of infection in patients with chronic diseases, including
people with diabetes, but without any change in willingness to be vaccinated. This underlines the
urgent need to sensibilize people with diabetes to infection risk and the importance of vaccination.

Keywords: people living with diabetes; vaccination coverage; COVID-19 pandemic; infection risk;
chronic disease
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1. Introduction

Influenza and pneumococcal diseases are common infectious diseases with higher
morbi-mortality in subjects living with chronic diseases, including diabetes. Thus, in
people with diabetes, it is well demonstrated that both flu and pneumoniae are more
severe, associated with higher risk of hospitalization, and mortality [1]. These infections
could be prevented by vaccination in accordance with the recommendations published by
the health authorities and the learned societies [2,3]. Vaccination coverage rates in these
target populations remain low and below national health objectives. According to the
ministry of health, in France for the winter of 2019, in populations at risk of severe forms
of the disease, influenza vaccination coverage was less than 50%, whereas it should be
75% [4]. In people with diabetes, it is around 68% [5]. On March 11 2020, WHO declared the
SARS-CoV-2 to be a pandemic. All European countries implemented physical distancing
measures as an emergency response to contain COVID-19 and its associated death toll,
especially in high-risk patients [6]. Several studies reported that COVID-19 is more severe
in subjects living with chronic diseases, notably obesity and type 2 diabetes mellitus, with
a higher need for intensive care unit and increased death risk [7]. According to the WHO
COVID-19 Dashboard of the 19 May 2021, there are more than 160 million cases of COVID-
19 and more than 3.3 million deaths. However, despite COVID-19 potential gravity, Lin
and colleagues showed that COVID-19 vaccine hesitancy is increasing worldwide in a
systematic review of 126 surveys on COVID-19 vaccination intentions published between 1
January and 20 October 2020 [8]. This vaccine hesitancy did lead to a low vaccine coverage
for influenza, pneumococcal, and COVID-19, all infections that represent a risk of severe
infections, hospitalization, and death. Larson et al. in 2016 found the French population to
be the most skeptical about vaccination, around 45% [9]. Around COVID-19, fake news
had circulated extensively since the beginning of the pandemic, thus making the general
audience doubt the veracity of health and political authorities concerning information
around the SARS-CoV-2 [10]. The World Health Organization’s Director-General declared
the global ‘over-abundance’ of COVID-19 information an ‘infodemic’ [11]. Thus, the current
COVID-19 pandemic may have contributed to a change in patients’ perceptions regarding
both the higher risk of infection in some subjects and the potential benefit of vaccination.
In this context, we believe that it is important to evaluate the infection risk perception,
coverage, and feeling about vaccination during the pandemic of COVID-19 in different
at-risk populations. We hypothesized that (1) there is a lack of knowledge regarding
infectious risk and vaccination coverage of recommended vaccines among patients at risk
of infection; and (2) the COVID-19 pandemic has changed the knowledge and perceptions
of at-risk patients regarding their infectious risk and the potential value of vaccination,
which could offer an opportunity to improve the coverage in a next step.

Therefore, the primary objective of this present study was to assess the impact of
the COVID-19 pandemic on patients’ perceptions regarding infection risk in an at-risk
population, including subjects living with diabetes and subjects suffering from other
chronic diseases. The secondary objectives were to assess the vaccination coverage of
mandatory and recommended vaccines and the impact of the COVID-19 pandemic on
vaccination perception.

2. Materials and Methods
2.1. Study Design, Setting and Participants

From December 2020 to April 2021, we conducted a prospective multicentric obser-
vational study in three French University Hospitals (University Hospital of Montpellier,
Nîmes, and Toulouse). Participation was proposed to all adult patients at risk of infection,
according to French authorities, hospitalized (full-time hospitalization or day hospitaliza-
tion) or consulting in five medical units (one immuno-rheumatology unit of University
Hospital of Toulouse; one endocrinology unit of University Hospital of Nîmes; one en-
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docrinology unit, one cardiology unit, and one hepato-gastroenterology unit of University
Hospital of Montpellier) [12]. Inclusion criteria were to be over 18 years of age and to
have at least one chronic condition or comorbidity with an increased risk of infection.
Chronic conditions or comorbidities with an increased risk of infection were considered as
cardiovascular history (cardiomyopathy, heart failure, coronary artery disease, congenital
heart disease), diabetes, chronic renal failure, primary or acquired immune deficiencies
(immunosuppressive therapy or treatment with anti-TNF-alpha), obesity (body mass index
> 30 kg/m2).

A questionnaire was specifically developed for this study and contained specific
questions regarding (i) the perception of infectious risk and the impact of the COVID-19
pandemic on this perception, (ii) knowledge of recommended vaccines (influenza and
pneumococcal vaccines, and, if >65 years old, herpes zoster vaccine), (iii) knowledge on
the vaccinations performed (influenza and pneumococcal vaccines, and, if >65 years old,
herpes zoster vaccine) and the impact of the COVID-19 pandemic on these vaccinations,
(iv) the traceability of these vaccinations, (v) the reasons for not performing the mandatory
and recommended vaccinations, and (vi) feelings about vaccines (favorable, unfavorable,
mixed, or no opinion) and the impact of the COVID-19 pandemic.

2.2. Intervention

The paper questionnaire was anonymous and completed by the patient themself
during their hospitalization for inpatients or before the medical consultation for outpatients.
The completed questionnaires were centralized at the Montpellier University Hospital and
the data were entered into a database. An online questionnaire realized with the Sphinx
software was used for the patients followed in teleconsultation.

2.3. Data and Statistical Analysis

Self-reported data were provided by the questionnaire, including demographic (age,
sex), clinical (chronical disease and duration), immunization coverage (Tdap, influenza,
and pneumococcal vaccines, and, if >65 years old, herpes zoster vaccine), and feeling
about vaccines. Patient characteristics and questionnaire responses were expressed as
frequency and proportion for categorical variables, and mean ± standard deviation (SD) for
continuous variables. Comparisons were made with Student’s t-test or the Mann–Whitney
U-test for continuous variables, and with chi-square or Fisher’s exact test for categorical
variables, depending on the distribution of variables and conditions for applying the tests.

2.4. Ethics Approval

All patients who accepted to complete the form were prospectively included. All pro-
cedures performed in this study involving human participants were in accordance with the
1964 Helsinki declaration and its later amendments. Oral consent was obtained before in-
clusion in the study. The study protocol was approved by the Institutional Review Board of
our university hospital (Comité Local d’Ethique Recherche, IRB-MTP_2020_12_202000673)
and was registered on ClinicalTrials.gov (Impact of the COVID-19 Pandemic on Vaccination,
COVIDVacImpac study NCT03422484).

3. Results
3.1. Patient Characteristics

During the study period, 1439 patients suffering from various chronic diseases were
included; 288 were removed from the analysis due to missing data. The population
is described in Table 1, the mean age was 54.9 ± 16.7 years, 52.2% were men, and the
mean duration of primary disease was 15.5 ± 12.2 years. Most patients were included in
medical consultations (55.6%). The subpopulation of people with diabetes was composed
of 714 patients (62.0%), subjects were more often men (57.7 ± 16.0 vs. 50.4 ± 17.0, when
compared to patients without diabetes, p < 0.01), older (57.7 ± 16.0 vs. 50.4 ± 17.0 years,
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p < 0.01), and had a longer history of chronic disease (17.4 ± 12.9 vs. 12.2 ± 10.2 years,
p < 0.01).

Table 1. Characteristics of the population.

Person without Diabetes Person with Diabetes p

n n = 437 n = 714

Sex, male (n, %) 199 (45.5) 402 (56.3) <0.01

Age (years), mean (SD) (n = 1157) 50.4 (±17.0) 57.7 (±16.0) <0.01

Center <0.01

Montpellier 288 (65.9) 485 (67.9)

Nîmes 120 (27.5) 226 (31.6)

Toulouse 29 (6.6) 3 (0.4)

Medical unit <0.01

Endocrinology–Diabetology–Nutrition Department,
Montpellier 51 (11.7) 464 (65.0)

Hepato-Gastroenterology Department, Montpellier 174 (39.8) 6 (0.8)

Cardiology and Vascular Diseases Department,
Montpellier 30 (6.9) 4 (0.6)

Nephrology Department, Montpellier 33 (7.5) 11 (1.5)

Rheumatology Department, Toulouse 30 (6.9) 3 (0.4)

Metabolic disease Department, Nîmes 119 (27.2) 226 (31.6)

Type of care (n = 1075) <0.01

Consultation 167 (40.7) 431 (64.8)

Full-time hospitalization 55 (13.4) 130 (19.5)

Day hospitalization 184 (44.9) 43 (6.5)

Weekly hospitalization 3 (0.7) 21 (3.2)

Teleconsultation 1 (0.2) 40 (6.0)

Chronic pathologies

Diabetes - 714 (100)

Diabetes type (n = 714)

Type 1 - 264 (37.0)

Type 2 - 450 (63.0)

Obesity (n = 1150) 126 (28.9) 46 (6.4) <0.01

Active cancer (n = 1150) 17 (3.9) 2 (0.3) <0.01

Chronic inflammatory rheumatism (n = 1151) 28 (6.4) 3 (0.4) <0.01

Chronic inflammatory bowel disease (n = 1150) 169 (38.8) 11 (1.5) <0.01

Chronic renal failure or renal transplantation (n =
1150) 53 (12.2) 42 (5.9) <0.01

Chronic heart failure (n = 1150) 19 (4.4) 25 (3.5) 0.46

Others cardiac diseases (n = 1150) 15 (3.4) 3 (0.4) <0.01

Liver transplantation (n = 1150) 15 (3.4) 5 (0.7) <0.01

Chronic respiratory disease (n = 1150) 14 (3.2) 6 (0.8) <0.01

Duration of primary disease, years (n = 858) 12.2 (±10.2) 17.4 (±12.9) <0.01

Data are the mean ± SD, or n (%).
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3.2. Patient Feelings about Infectious Risk

In total, 52.9% of patients feel that their medical condition is associated with an
increased risk of infection (Table 2). The COVID-19 pandemic significantly increases this
rate to 63.1% (p < 0.01), with a significantly higher increase in people with diabetes (increase
of 23.2%, from 54.4% to 67.0%, p < 0.01) compared to other high-risk subjects (increase of
12.5%, from 50.5% to 56.8%, p = 0.06). More specifically, 62.2% of subjects felt vulnerable
for flu infection, with a higher percentage in people with diabetes compared to subjects
suffering from other chronic diseases (65.1% vs. 57.4%, p < 0.01). However, only 32.3%
of patient felt vulnerable for pneumococcal infection, without any difference regarding
diabetes status.

Table 2. Patient feelings about infectious risk and knowledge about vaccination.

Person without Diabetes Person with Diabetes p

Do you think your medical condition is associated
with an increased risk of infection? n = 436 n = 709 0.15

Yes 220 (50.5) 386 (54.4)

I don’t know 79 (18.1) 138 (19.5)

No 137 (31.4) 185 (26.1)

Do you think you are vulnerable to the flu virus
because of your medical condition? n = 434 n = 711 0.02

Yes 249 (57.4) 463 (65.1)

I don’t know 46 (10.6) 72 (10.1)

No 139 (32.0) 176 (24.7)

Do you think you are vulnerable to pneumococcal
infection because of your medical condition? n = 433 n = 705 0.22

Yes 134 (30.9) 234 (33.2)

I don’t know 170 (39.3) 294 (41.7)

No 129 (29.8) 177 (25.1)

Did the COVID-19 pandemic make you aware that
your medical condition is a risk factor for infection? n = 424 n = 681 <0.01

Yes 241 (56.8) 456 (67.0)

I don’t know 51 (12.0) 60 (8.8)

No 132 (31.1) 165 (24.2)

Do you know which vaccines are recommended for
your condition? n = 422 n = 673

Yes 145 (34.4) 223 (33.1) 0.68

If yes, which ones

Flu vaccine 82 (56.5) 104 (46.6) 0.06

Pneumococcal vaccine 39 (26.9) 23 (10.3) <0.01

Tdap (tetanus, diphtheria, pertussis) vaccine 6 (4.1) 14 (6.3) 0.38

COVID-19 7 (4.8) 30 (13.4) <0.01

For vaccines you are not up to date on, will the
COVID-19 pandemic cause you to get the

pneumococcal vaccine?
n = 203 n = 369 0.18

Yes 55 (27.1) 120 (32.5)

For vaccines you are not up to date on, will the
COVID-19 pandemic cause you to get a flu

vaccination?
n = 189 n = 211 0.03

Yes 39 (20.6) 27 (12.8)

Data are n (%).
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3.3. Knowledge about Vaccine and Immunization Coverage

In total, 186 (17%) subjects could cite influenza as one of the recommended vaccines,
with a lower proportion in people with diabetes (15.4% vs. 19.4%, p = 0.09). However,
59.7% of subjects declared to be vaccinated against flu, with a significantly higher propor-
tion in people with diabetes (64.6% vs. 52.0%, p < 0.01). Regarding vaccination against
pneumococcal infection, 62 (5.7%) patients could cite pneumococcal as a recommended
vaccine, with a lower percentage in people with diabetes (3.4% vs. 9.2%, p < 0.001). In
total, 28.4% of patients report to be vaccinated against pneumococcus, with, again, a lower
proportion in people with diabetes (24.8% vs. 33.6%, p < 0.01).

The main reasons for not being vaccinated against flu are fear of potential adverse
effects (24.1%), the lack of usefulness as patients do not consider themselves at risk of
infection (22.1%), and lack of vaccine trust (17.7%) (Table 3). People without diabetes were
more likely to be unaware that the flu vaccine is recommended for their condition (15.0% vs.
5.1%, p < 0.01). Conversely, more people with diabetes think the flu vaccine is ineffective
(18.1% vs. 8.0%, p < 0.01), whereas, for the non-vaccination against pneumococcus, the
main cause is the lack of knowledge of the recommendation of the vaccination (73.6%). The
COVID-19 pandemic has an impact on the willingness to be vaccinated, with, respectively,
30.6% and 16.5% of patients whose pneumococcal and influenza vaccines are not up-to-
date that want to be vaccinated, with a significantly higher proportion of people without
diabetes compared to people with diabetes (20.6% vs. 12.8%, p < 0.03).

Table 3. Reasons for non-vaccination.

Flu Vaccine Pneumococcal Vaccine
Flu vs.

Pneumococcal
Vaccines (Whole

Population)

If you didn’t
receive the vaccine

this year, it’s
because

Person without
diabetes (n = 187)

Person with
diabetes (n = 215) p Person without

diabetes (n = 192)
Person with

diabetes (n = 357) p p

You don’t trust
vaccination (yes) 27 (14.4) 44 (20.5) 0.11 11 (5.7) 11 (3.1) 0.13 <0.0001

You were not aware
of the need for this

vaccine (yes)
28 (15.0) 11 (5.1) <0.01 134 (69.8) 270 (75.6) 0.14 <0.0001

You are afraid of
potential side
effects (yes)

41 (21.9) 56 (26.0) 0.34 13 (6.8) 24 (6.7) 0.98 <0.0001

You feel that this
vaccine is not

useful because you
do not consider

yourself at risk of
infection

44 (23.5) 45 (20.9) 0.53 19 (9.9) 25 (7.0) 0.23 <0.0001

You are opposed to
vaccination in

general
13 (7.0) 19 (8.8) 0.49 10 (5.2) 14 (3.9) 0.48 0.02

You don’t find the
vaccine effective 15 (8.0) 39 (18.1) <0.01 0 (0.0) 1 (0.3) 1.00 <0.0001

Other 19 (10.2) 24 (11.2) 0.75 19 (9.9) 29 (8.1) 0.48 0.31

You were unable to
obtain a vaccine

(out of stock) only
for flu vaccine

35 (18.7) 24 (11.2) 0.03 - - - NA

Data are n (%).

3.4. Feelings about Vaccines and the Impact of the COVID-19 Pandemic

In subjects that reported not to be “for” vaccines (against, mixed, or no opinion,
n = 487), the COVID-19 pandemic positively changed for 35.3% of them their opinion on
vaccines, without any difference regarding diabetes status (37.2% vs. 32.4%, p = 0.28). This
change was explained by the potential benefits of vaccination (41.3%), the access to more
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information on vaccination (30.5%), and the fear of being hospitalized (34.7%) or dying
(16.8%). However, the percentage of anti-vax subjects significantly increases during the
COVID-19 pandemic (6.0% vs. 9.5%, p < 0.01) (Table 4).

Table 4. Feelings about vaccines and the impact of the COVID-19 pandemic.

Before COVID-19 Pandemic During COVID-19 Pandemic

Person
without
diabetes

Person with
diabetes p

Person
without
diabetes

Person with
diabetes p

Feelings about
vaccine n = 423 n = 656 0.21 n = 402 n = 614 0.97

For 221 (52.2) 358 (54.6) 201 (50.0) 310 (50.5)

Against 19 (4.5) 46 (7.0) 37 (9.2) 60 (9.8)

Mixed 140 (33.1) 195 (29.7) 127 (31.6) 192 (31.3)

No opinion 43 (10.2) 57 (8.7) 37 (9.2) 52 (8.5)
Data are mean ± SD or n (%).

4. Discussion

Our study demonstrates that the COVID-19 pandemic significantly increased patients’
awareness regarding infectious risk associated with their condition (from 52.9% to 63.1%;
i.e., +19.3%). This increase was even greater in people with diabetes (54.4% to 67.0%; i.e.,
+23.2%) compared to subjects suffering from other chronic disease (50.5% vs. 56.8%; i.e.,
+12.5%). However, despite this increase in infectious risk awareness linked to the COVID-19
pandemic, we observe, paradoxically, a decrease in confidence in vaccines. In addition,
although the COVID-19 pandemic has been evolving for one year, our results demonstrate
that awareness about infectious risks and vaccination coverage are still insufficient in
chronic disease patients.

4.1. Infectious Risks, Immunization Recommendations, and Chronic Diseases

Our results are particularly important given the observation of insufficient vaccination
coverage, as already mentioned, and low awareness of infectious risks in a high-risk
population. It is well known that subjects with chronic diseases and comorbidities, such
as diabetes, are at increased risk of infection, including influenza and pneumonia, and,
more recently, COVID-19 [13]. COVID-19 is not only a pulmonary infection, but also leads
to extra pulmonary symptoms with cardiovascular diseases, severe acute renal failure,
and digestive, hepatic, and cerebral diseases [14]. Many studies have investigated for risk
factors for severe COVID-19 disease. Thus, patients who were male, with advanced age,
obesity, hypertension, diabetes, malignancy, coronary heart disease, chronic liver disease,
chronic obstructive pulmonary disease, or chronic kidney disease were more likely to
develop severe COVID-19 symptoms, or were also associated with high mortality [15,16].

In our study, we evaluated the impact of the COVID-19 pandemic on the perception
of infectious risk in a population at risk of severe illness, including outpatients and in-
patients. We particularly studied the perception of subjects living with diabetes (62.0%
of the population), as epidemiological studies have quickly and consistently pointed out
diabetes as one of the major comorbidities associated with COVID-19 and affecting its
severity [17]. Already, in April 2020, patients with diabetes have been listed as people at
higher risk for severe illness from COVID-19 by several health authorities and learned
medical societies [7].

In our study, we observe that the COVID-19 pandemic has led to an increase in aware-
ness of the infectious risk, with the increase significantly higher in people with diabetes.
However, we also observe that this increase is quite low at one year after the appearance of
COVID-19, and despite the significant media coverage of the pandemic. Thus, 36.9% of
the population at risk of severe infection are not aware of infectious risks. This underlines
the importance of therapeutic education, particularly on the risk of infection in this at-risk
population. This lack of education on infectious risk is also reflected in the knowledge of
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recommended vaccines for at-risk patients, with only 17.0% and 5.7% of patients citing
influenza and pneumococcus, respectively, and vaccination coverage, with 59.7% and 28.4%
of patients reporting being vaccinated against influenza and pneumococcus, respectively.
One of the main reasons for not being vaccinated is the absence of feeling at risk and the
lack of knowledge of the vaccination recommendation for pneumococcus, emphasizing
the need for education for these patients. We find an effect on awareness of the infectious
risk in connection with the COVID-19 pandemic, with 30.6% and 16.5% of patients not
up-to-date with the influenza and pneumococcal vaccines wishing to be vaccinated. This
increase in influenza vaccination coverage is also found in the general French population,
with an increase of 8% (47.8% in 2019/2020 to 55.8% in 2020/2021) [18].

4.2. Information on Infectious Risk and Benefits for Patients

Our study began one year after the outbreak of the new coronavirus disease (COVID-
19) was first reported in Wuhan City, China, in December 2019, and after the second
lockdown in France [19]. The discovery of this new coronavirus and the announcement
by the World Health Organization that COVID-19 was a global pandemic had an impact
on public awareness and behavior, particularly on the search for information on COVID-
19 [20,21]. Thus, media have played a crucial role in communication regarding risk,
information about the virus, contamination, and treatment, as well as protective behavior
and applicable rules. Thus, S. Li et al. highlighted that COVID-19-related information
online and risk awareness are key factors associated with US residents’ engagement in
various preventive behaviors [22]. However, studies on risk awareness have mainly focused
on general populations and have analyzed sociodemographic variables, such as education
level or gender [23]. However, few studies focused on subjects suffering from chronic
diseases, such as people with diabetes [24–26]. Flint et al. explored the awareness and
attitudes of an at risk of severe COVID-19 adult population in the UK during the lockdown
period [26]. A large proportion of participants reported that they were ‘very concerned’
about infection, spread, and potential impact of COVID-19, which demonstrates that
informing subjects can change their feelings and behavior. Moreover, participants living
with diabetes were more likely to practice social distancing (OR 2.44, 95% CI 1.25 to 4.90)
and to wear protective apparel (OR 2.17, 95% CI 1.13 to 4.14). This study is comparable
to ours in terms of sample size (1026 and 1151 patients), mean age of subjects (54.6 and
54.9 years), and proportion of subjects living with diabetes (52.4% and 62.0%). In their
study, Yan et al. showed that the 585 participants with diabetes perceived themselves to
be at a higher risk and were more worried about being infected with COVID-19 when
compared to individuals without diabetes (p < 0.001) [27]. However, the population of this
study is much younger than ours (89% of the population is less than 50 years old), and the
chronic pathologies of patients without diabetes are not known. Regarding the benefits for
patients, several studies showed a decrease in community-acquired [28] and nosocomial
infections [29,30] during the COVID 19 pandemic compared to previous years. These
decreases in virus circulation and infection transmission in both outpatient and inpatient
settings are related to the direct benefit of the implementation of distancing, prevention,
and isolation measures.

4.3. COVID-19 and Vaccines

In our study, however, despite this increase in awareness of the infectious risks associ-
ated with the COVID-19 pandemic and the willingness of some patients to be vaccinated
against influenza or pneumococcus, there was a significant slight decrease in patients’
feelings about vaccination during the pandemic, with 53.7% and 50.3% of patients for
vaccination after and during the COVID-19 pandemic, respectively. This decrease and the
low rate of patients in favor of vaccination can be explained by several factors. The first one
is that vaccine skepticism in France is well described, with the French population being one
of the most skeptical about vaccination [9]. The second one may be a lack of or insufficient
physicians’ attention regarding vaccine recommendations during medical consultations
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due to time constraints and, sometimes, to hesitancy or relative ignorance [5,31,32]. Mis-
information about health-related subjects represents a public health threat. During the
COVID-19 pandemic, fake news has circulated extensively since the beginning of the
pandemic, thus making the general audience doubt the veracity of health and political
authorities concerning information around COVID-19 and vaccination [33]. Moreover,
misinformation and misbeliefs can influence willingness to follow the recommendations
by health and political authorities on vaccination. A number of studies found that fake
news remains the main cause of vaccine hesitancy [34–36].

Some limitations of our study should be noted. First, it provides a cross-sectional
analysis at a given time and we are not able to describe changes in opinion over time, but
our study was carried out almost a year after the onset of COVID-19 disease, which may
limit this bias. Second, we did not study the impact of COVID-19 on attitudes, lifestyles, and
actions. Finally, our population included only a few patients over 75 years of age, and only
includes patients with chronic disease managed by hospital-based specialist physicians.
Despite these limitations, the key strengths of the study include: (i) our recruitment method,
as this study was offered to all patients present during the study period, avoiding the
biases associated with self-recruitment methods, such as motivated sample selection, that
can be found in studies using online survey methodology; (ii) representativeness of our
population, with different chronic diseases, participation of three university hospitals,
including six medical departments, and medical departments from different specialties;
and (iii) our sample size that allows comparison between subjects.

5. Conclusions

In conclusion, in our population of subjects with advanced chronic diseases and long
duration of illness, there is still a lack of awareness of subjects with chronic diseases regard-
ing infectious risk and vaccine recommendation. Further, the COVID-19 pandemic has led
to a small increase in awareness of the risks of infection in patients with chronic diseases,
including people with diabetes, without any change in willingness to be vaccinated. This
underlines the urgent need to sensibilize people with diabetes to infection risk and the
importance of vaccination.

Author Contributions: Conceptualization, C.B. and A.S.; methodology, C.B., A.S. and M.F.; formal
analysis, N.M.; investigation, C.B., A.M.G., M.A., L.C., N.C., F.R., M.L.Q., V.D., J.J., P.C., J.M.K., S.F.,
L.L., M.V., R.A., and A.S.; writing—original draft preparation, C.B. and A.S.; writing—review and
editing, C.B., F.R., L.L., M.V., R.A., and A.S. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of University Hospital of
Montpellier (IRB-MTP_2020_12_202000673, approved on 3 December 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethical restrictions.

Conflicts of Interest: C.B., A.M.G., M.A., M.F., L.C., N.M., N.C., M.Q., V.D., J.J., P.C., J.M.K., S.F.,
L.L., M.V., and R.A. report no conflict of interest. F.R. reports conflicts of interest with AstraZeneca,
BMS, SANOFI, and PFIZER for honoraria for lectures. A.S. reports conflicts of interest with MSD
and PFIZER for honoraria for lectures. The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.



J. Clin. Med. 2021, 10, 3967 10 of 11

References
1. American Diabetes Association. 4. Comprehensive Medical Evaluation and Assessment of Comorbidities: Standards of Medical

Care in Diabetes-2019. Diabetes Care 2019, 42 (Suppl. 1), S34–S45. [CrossRef]
2. Nowak, G.J.; Sheedy, K.; Bursey, K.; Smith, T.M.; Basket, M. Promoting influenza vaccination: Insights from a qualitative

meta-analysis of 14 years of influenza-related communications research by U.S. Centers for Disease Control and Prevention
(CDC). Vaccine 2015, 33, 2741–2756. [CrossRef]

3. Smith, S.A.; Poland, G.A.; American Diabetes Association. Influenza and pneumococcal immunization in diabetes. Diabetes Care
2004, 27 (Suppl. 1), S111–S113. [CrossRef]

4. Ministère des Solidarités et de la Santé. Vaccination Contre la Gripe Saisonnière 2020–2021. Available online: https://solidarites-
sante.gouv.fr/IMG/pdf/qr-grippe_131020.pdf (accessed on 15 July 2021).

5. Guillot, C.; Duputel, B.; Servy, H.; Sultan, A.; Bauduceau, B. Le rapport à la vaccination des personnes diabétiques. Résultats
préliminaires d’une étude auprès de 3731 personnes diabétiques. Médecine Des Mal. Métaboliques 2020, 14, 6. [CrossRef]

6. Schwarzinger, M.; Watson, V.; Arwidson, P.; Alla, F.; Luchini, S. COVID-19 vaccine hesitancy in a representative working-age
population in France: A survey experiment based on vaccine characteristics. Lancet Public Health 2021, 6, e210–e221. [CrossRef]

7. Cariou, B.; Hadjadj, S.; Wargny, M.; Pichelin, M.; Al-Salameh, A.; Allix, I.; Amadou, C.; Arnault, G.; Baudoux, F.; Bauduceau, B.;
et al. Phenotypic characteristics and prognosis of inpatients with COVID-19 and diabetes: The CORONADO study. Diabetologia
2020, 63, 1500–1515. [CrossRef]

8. Lin, C.; Tu, P.; Beitsch, L.M. Confidence and Receptivity for COVID-19 Vaccines: A Rapid Systematic Review. Vaccines 2020, 9, 16.
[CrossRef]

9. Larson, H.J.; de Figueiredo, A.; Xiahong, Z.; Schulz, W.S.; Verger, P.; Johnston, I.G.; Cook, A.R.; Jones, N.S. The State of Vaccine
Confidence 2016: Global Insights Through a 67-Country Survey. EBioMedicine 2016, 12, 295–301. [CrossRef]

10. Montagni, I.; Ouazzani-Touhami, K.; Mebarki, A.; Texier, N.; Schuck, S.; Tzourio, C.; CONFINS Group. Acceptance of a Covid-19
vaccine is associated with ability to detect fake news and health literacy. J. Public Health 2021, fdab028. [CrossRef]

11. Call for Action: Managing the Infodemic. Available online: https://www.who.int/news/item/11-12-2020-call-for-action-
managing-the-infodemic (accessed on 15 July 2021).

12. 2021 Vaccination Schedule and Recommendations. Available online: https://solidarites-sante.gouv.fr/prevention-en-sante/
preserver-sa-sante/vaccination/calendrier-vaccinal (accessed on 15 July 2021).

13. Shah, B.R.; Hux, J.E. Quantifying the risk of infectious diseases for people with diabetes. Diabetes Care 2003, 26, 510–513. [CrossRef]
14. Spuntarelli, V.; Luciani, M.; Bentivegna, E.; Marini, V.; Falangone, F.; Conforti, G.; Rachele, E.S.; Martelletti, P. COVID-19: Is it just

a lung disease? A case-based review. SN Compr. Clin. Med. 2020, 1–6. [CrossRef]
15. Li, X.; Zhong, X.; Wang, Y.; Zeng, X.; Luo, T.; Liu, Q. Clinical determinants of the severity of COVID-19: A systematic review and

meta-analysis. PLoS ONE 2021, 16, e0250602. [CrossRef]
16. Wu, Y.; Li, H.; Zhang, Z.; Liang, W.; Zhang, T.; Tong, Z.; Guo, X.; Qi, X. Risk factors for mortality of coronavirus disease 2019

(COVID-19) patients during the early outbreak of COVID-19: A systematic review and meta-analysis. Ann. Palliat. Med. 2021, 10,
5069–5083. [CrossRef]

17. Cummings, M.J.; Baldwin, M.R.; Abrams, D.; Jacobson, S.D.; Meyer, B.J.; Balough, E.M.; Aaron, J.G.; Claassen, J.; Rabbani,
L.E.; Hastie, J.; et al. Epidemiology, clinical course, and outcomes of critically ill adults with COVID-19 in New York City: A
prospective cohort study. Lancet 2020, 395, 1763–1770. [CrossRef]

18. Influenza Vaccination Coverage Data by Age Group. Available online: https://www.santepubliquefrance.fr/determinants-de-
sante/vaccination/articles/donnees-de-couverture-vaccinale-grippe-par-groupe-d-age (accessed on 15 July 2021).

19. Wang, C.; Horby, P.W.; Hayden, F.G.; Gao, G.F. A novel coronavirus outbreak of global health concern. Lancet 2020, 395, 470–473.
[CrossRef]

20. WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19. 11 March 2020. Available online:
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-
covid-19---11-march-2020 (accessed on 15 July 2021).

21. Jun, S.P.; Yoo, H.S.; Lee, J.S. The impact of the pandemic declaration on public awareness and behavior: Focusing on COVID-19
google searches. Technol. Forecast Soc. Change 2021, 166, 120592. [CrossRef] [PubMed]

22. Li, S.; Feng, B.; Liao, W.; Pan, W. Internet Use, Risk Awareness, and Demographic Characteristics Associated With Engagement in
Preventive Behaviors and Testing: Cross-Sectional Survey on COVID-19 in the United States. J. Med. Internet Res. 2020, 22, e19782.
[CrossRef]

23. Rattay, P.; Michalski, N.; Domanska, O.M.; Kaltwasser, A.; De Bock, F.; Wieler, L.H.; Jordan, S. Differences in risk perception,
knowledge and protective behaviour regarding COVID-19 by education level among women and men in Germany. Results from
the COVID-19 Snapshot Monitoring (COSMO) study. PLoS ONE 2021, 16, e0251694. [CrossRef]

24. Wolf, M.S.; Serper, M.; Opsasnick, L.; O’Conor, R.M.; Curtis, L.; Benavente, J.Y.; Wismer, G.; Batio, S.; Eifler, M.; Zheng, P.;
et al. Awareness, Attitudes, and Actions Related to COVID-19 Among Adults With Chronic Conditions at the Onset of the U.S.
Outbreak: A Cross-sectional Survey. Ann. Intern. Med. 2020, 173, 100–109. [CrossRef]

25. Bailey, S.C.; Serper, M.; Opsasnick, L.; Persell, S.D.; O’Conor, R.; Curtis, L.M.; Benavente, J.Y.; Wismer, G.; Batio, S.; Eifler, M.;
et al. Changes in COVID-19 Knowledge, Beliefs, Behaviors, and Preparedness Among High-Risk Adults from the Onset to the
Acceleration Phase of the US Outbreak. J. Gen. Intern. Med. 2020, 35, 3285–3292. [CrossRef]

http://doi.org/10.2337/dc19-S004
http://doi.org/10.1016/j.vaccine.2015.04.064
http://doi.org/10.2337/diacare.27.2007.s111
https://solidarites-sante.gouv.fr/IMG/pdf/qr-grippe_131020.pdf
https://solidarites-sante.gouv.fr/IMG/pdf/qr-grippe_131020.pdf
http://doi.org/10.1016/j.mmm.2020.01.011
http://doi.org/10.1016/S2468-2667(21)00012-8
http://doi.org/10.1007/s00125-020-05180-x
http://doi.org/10.3390/vaccines9010016
http://doi.org/10.1016/j.ebiom.2016.08.042
http://doi.org/10.1093/pubmed/fdab028
https://www.who.int/news/item/11-12-2020-call-for-action-managing-the-infodemic
https://www.who.int/news/item/11-12-2020-call-for-action-managing-the-infodemic
https://solidarites-sante.gouv.fr/prevention-en-sante/preserver-sa-sante/vaccination/calendrier-vaccinal
https://solidarites-sante.gouv.fr/prevention-en-sante/preserver-sa-sante/vaccination/calendrier-vaccinal
http://doi.org/10.2337/diacare.26.2.510
http://doi.org/10.1007/s42399-020-00418-6
http://doi.org/10.1371/journal.pone.0250602
http://doi.org/10.21037/apm-20-2557
http://doi.org/10.1016/S0140-6736(20)31189-2
https://www.santepubliquefrance.fr/determinants-de-sante/vaccination/articles/donnees-de-couverture-vaccinale-grippe-par-groupe-d-age
https://www.santepubliquefrance.fr/determinants-de-sante/vaccination/articles/donnees-de-couverture-vaccinale-grippe-par-groupe-d-age
http://doi.org/10.1016/S0140-6736(20)30185-9
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
http://doi.org/10.1016/j.techfore.2021.120592
http://www.ncbi.nlm.nih.gov/pubmed/33776154
http://doi.org/10.2196/19782
http://doi.org/10.1371/journal.pone.0251694
http://doi.org/10.7326/M20-1239
http://doi.org/10.1007/s11606-020-05980-2


J. Clin. Med. 2021, 10, 3967 11 of 11

26. Flint, S.W.; Brown, A.; Tahrani, A.A.; Piotrkowicz, A.; Joseph, A.C. Cross-sectional analysis to explore the awareness, attitudes
and actions of UK adults at high risk of severe illness from COVID-19. BMJ Open 2020, 10, e045309. [CrossRef]

27. Yan, A.F.; Sun, X.; Zheng, J.; Mi, B.; Zuo, H.; Ruan, G.; Hussain, A.; Wang, Y.; Shi, Z. Perceived risk, behavior changes and
Health-related outcomes during COVID-19 pandemic: Findingsamong adults with and without diabetesin China. Diabetes Res.
Clin. Pract. 2020, 167, 108350. [CrossRef]

28. Nagano, H.; Takada, D.; Shin, J.H.; Morishita, T.; Kunisawa, S.; Imanaka, Y. Hospitalization of mild cases of community-acquired
pneumonia decreased more than severe cases during the COVID-19 pandemic. Int. J. Infect. Dis. 2021, 106, 323–328. [CrossRef]

29. Bentivegna, E.; Alessio, G.; Spuntarelli, V.; Luciani, M.; Santino, I.; Simmaco, M.; Martelletti, P. Impact of COVID-19 prevention
measures on risk of health care-associated Clostridium difficile infection. Am. J. Infect. Control 2021, 49, 640–642. [CrossRef]
[PubMed]

30. Bentivegna, E.; Luciani, M.; Arcari, L.; Santino, I.; Simmaco, M.; Martelletti, P. Reduction of Multidrug-Resistant (MDR) Bacterial
Infections during the COVID-19 Pandemic: A Retrospective Study. Int. J. Environ. Res. Public Health 2021, 18, 1003. [CrossRef]
[PubMed]

31. Verger, P.; Fressard, L.; Collange, F.; Gautier, A.; Jestin, C.; Launay, O.; Raude, J.; Pulcini, C.; Peretti-Watel, P. Vaccine Hesi-
tancy Among General Practitioners and Its Determinants During Controversies: A National Cross-sectional Survey in France.
EBioMedicine 2015, 2, 891–897. [CrossRef]

32. Paterson, P.; Meurice, F.; Stanberry, L.R.; Glismann, S.; Rosenthal, S.L.; Larson, H.J. Vaccine hesitancy and healthcare providers.
Vaccine 2016, 34, 6700–6706. [CrossRef]

33. Ahmed, W.; Vidal-Alaball, J.; Downing, J.; Lopez Segui, F. COVID-19 and the 5G Conspiracy Theory: Social Network Analysis of
Twitter Data. J. Med. Internet Res. 2020, 22, e19458. [CrossRef]

34. Carrieri, V.; Madio, L.; Principe, F. Vaccine hesitancy and (fake) news: Quasi-experimental evidence from Italy. Health Econ. 2019,
28, 1377–1382. [CrossRef]

35. Donzelli, G.; Palomba, G.; Federigi, I.; Aquino, F.; Cioni, L.; Verani, M.; Carducci, A.; Lopalco, P. Misinformation on vaccination:
A quantitative analysis of YouTube videos. Hum. Vaccines Immunother. 2018, 14, 1654–1659. [CrossRef] [PubMed]

36. Broadbent, J.J. Vaccine hesitancy: Misinformation on social media. BMJ 2019, 366, l4457. [CrossRef] [PubMed]

http://doi.org/10.1136/bmjopen-2020-045309
http://doi.org/10.1016/j.diabres.2020.108350
http://doi.org/10.1016/j.ijid.2021.03.074
http://doi.org/10.1016/j.ajic.2020.09.010
http://www.ncbi.nlm.nih.gov/pubmed/33031863
http://doi.org/10.3390/ijerph18031003
http://www.ncbi.nlm.nih.gov/pubmed/33498701
http://doi.org/10.1016/j.ebiom.2015.06.018
http://doi.org/10.1016/j.vaccine.2016.10.042
http://doi.org/10.2196/19458
http://doi.org/10.1002/hec.3937
http://doi.org/10.1080/21645515.2018.1454572
http://www.ncbi.nlm.nih.gov/pubmed/29553872
http://doi.org/10.1136/bmj.l4457
http://www.ncbi.nlm.nih.gov/pubmed/31270071

	Introduction 
	Materials and Methods 
	Study Design, Setting and Participants 
	Intervention 
	Data and Statistical Analysis 
	Ethics Approval 

	Results 
	Patient Characteristics 
	Patient Feelings about Infectious Risk 
	Knowledge about Vaccine and Immunization Coverage 
	Feelings about Vaccines and the Impact of the COVID-19 Pandemic 

	Discussion 
	Infectious Risks, Immunization Recommendations, and Chronic Diseases 
	Information on Infectious Risk and Benefits for Patients 
	COVID-19 and Vaccines 

	Conclusions 
	References

