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ABSTRACT

Background During the Covid-19 pandemic fake news has been circulating impacting on the general population’s opinion about a vaccine

against the SARS-CoV-2. Health literacy measures the capacity of navigating health information.

Methods We used data from a prospective national online cohort of 1647 participants. Descriptive statistics, Chi2 and ANOVA independence

tests and two multivariable multinomial regression models were performed. Interactions between each variable were tested.

Results Detection of fake news and health literacy scores were associated with intention to get vaccinated against SARS-CoV-2 (p < 0.01). The

risk of being “anti-vaccination” or “hesitant”, rather than “pro-vaccination”, was higher among individuals reporting bad detection of fake
news, respectively OR = 1.93 (95%Cl = [1.30;2.87]) and OR = 1.80 (95%CI| = [1.29;2.52]). The risk of being in “hesitant”, rather than
“pro-vaccination” was higher among individuals having a bad health literacy score (OR = 1.44; 95%Cl = [1.04;2.00]). No interaction was

found between detection of fake news and health literacy.

Conclusions To promote acceptance of a vaccine against SARS-CoV-2, it is recommended to increase individuals’ ability to detect fake news

and health literacy through education and communication programs.
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Introduction

Misinformation about health-related subjects represents a
public health threat. Around Covid-19, fake news has been
circulating 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.! In February, the World Health Organisation’s
Director-General declared the global ‘over-abundance’ of
Covid-19 information an ‘infodemic’.

One of the challenges for health communication intro-
duced by Covid-19 has been to tackle this increasing amount
of false content on several communication channels, includ-
ing social media platforms.” Common fake news about Covid-
19 include the fact that only older adults can be infected, that
swallowing bleach can kill the virus or that the virus is the
product of a 1aboratory.3 For instance, in Iran, hundreds of
people died after ingesting alcohol in a bid to treat Covid-19

as a result of misinformation circulating on social media.*

The large spread of misinformation about Covid-19 might
be explained by the initial scarce knowledge about the virus
among the scientific community and politicians. Confusion
generated by the plethora of news across media could have
nourished misinformation and lack of trust in scientific
evidence, especially in a situation where people have been
looking for immediate and reassuting answers regarding the
SARS-CoV-2.° Spread of fake news has been fueled also by
public figures and politicians who have been giving, in some
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cases, contradictory information, as the controversy over the
wearing of masks in France.’

Of particular concern is the misinformation concerning
Covid-19 vaccines, fueled by conspiracies (e.g, economic
interests) and rumors of safety.” Misinformation and misbe-
liefs can influence willingness to follow the recommendations
by health and political authorities on vaccination. A number
of studies found that fake news are a main cause of vaccine
hesitancy,®~!" defined as the delay in acceptance or refusal
of vaccination despite availability of vaccination services.!!
A global survey in 19 world countries has showed that rates
of hesitancy concerning a vaccine against the SARS-CoV-2
range from 11.4% (China) to 45.1% (Russia),'? which are not
negligible numbers. In the Covid-19 pandemic context, it is
important to mitigate the impact of misinformation on the
decision of not getting vaccinated.

As a means to counteract misinformation, health literacy
(HL) is the extent to which people can access, understand,
appraise and apply health-related information through
all communication channels."> Measured through ad hoc
scales,'* health literacy can assess the motivation and capacity
of people to make informed decisions based on trustworthy
information. According to the health literacy theory, it can be
hypothesized that engaging in a positive health information
secking can help better navigate news and, consequently
promote recognition of misinformation.!®> Therefore, HL
appeats to be in close correlation with detection of fake news.
Recent studies have explored separately the spread of fake
16,17 health literacy!$:19 20,21

the Covid-19 era, without the exploration of the interrelation

news, and vaccine hesitancy in
of these three factors.

Detection of fake news might represent a proxy for other
proximal and intermediate causal factors and mechanisms that
could explain the acceptance of a vaccine. The mediating role
of HL has been assessed in several associations like between
socio-economic status and health,?> population characteris-

2 or between education and

tics and use of health services
health outcomes.?* The role of HL in the relation between
detection of fake news and vaccine hesitancy has not been
explored, yet.

This study aimed to investigate the relations between inten-
tion to get vaccinated against the SARS-CoV-2 and the ability
to detect fake news about Covid-19 as well as health lit-
eracy among a population-based sample of French adults.
We hypothesized that higher acceptance of a vaccine against
the SARS-CoV-2 was associated with higher ability to detect
fake news related to Covid-19 and that this association was
mediated by health literacy levels.

Methods

Design, participants and ethics approval

The data used in this study are from a prospective online
cohort exploring the impact of Covid-19 and lockdown on
the health and wellbeing of French adults (CONFINS cohort,
www.confins.org). The baseline questionnaire was adminis-
tered in the period between April 8% and May 11 2020.
Participants were recruited via advertisement on traditional
(press, radio and TV spots) and social media (e.g,, Facebook,
LinkedlIn). Eligibility criteria were being able to read and
understand French, being aged 18+, being confined at the
moment of the inclusion and not having declared “other” for
the variable sex.

Ethics approval was obtained from the French Committee
for the Protection of Individuals (Comité de Protection
des Personnes—CPP, nr. 46-2020) and the French National
Agency for Data Protection (Commission Nationale Infor-
matique et Libertés—CNIL, nr. MLD/MFI/AR205600).
Participants had to electronically sign a consent form before
starting the completion of the questionnaire.

Measures
The outcome variable was the intention to get vaccinated
against the SARS-CoV-2. We used the item “Would you be willing
to get vaccinated against coronavirus even if the vaccine has not yet
been fully proven effective?”. Response modalities were: “No”,
“Yes” or “I do not know”. We established a priori that the
answer “No” corresponded to the “anti-vaccination group”,
the answer “Yes” to the “pro-vaccination” group and the
answer “I do not know” to the “hesitant group”.

The primary exposute variable was detection of fake news.
Participants had to establish whether the following 8 items
(i.e., potential fake news) were true (1 point), false (0 point) or
I do not know (0 point): “The Covid-19 virus has been developed
in a laboratory”, “The virus can be transmitted through the air”, “Only
peaple over 70 years of age can die from Covid-19”, “The virus can only
be transmitted by people who have symptoms such as fever and congh”,
“All peaple infected with the virus develop symptoms”, “Drinking very
hot drinks prevents contamination from the virus”, “The virus survives
on inert surfaces such as doorknobs or bars in public transportation”
and “Everybody should wear a mask to effectively protect themselves
from the virus”. A score was calculated from 0 to 8, with higher
scores corresponding to better detection of fake news. The
categories were: bad detection of fake news (0-5) and good
detection of fake news.’~®

The secondary exposure variable was HL measured
through a 5-item scale scored from 0 to 15. Answers to each
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item were based on a 4-point Likert scale (from 0 “completely
disagree” to 3 “completely agree”). Items were: “/ compare
health information from different sources”, “When I discover new health
information I verify if it is true or not”, “I decide what health information
is best for me”, “I can state if health information is adapted to my
sitnation or not”, and “I enquiry health professionals on the quality of
information I find”. Higher scotes cortesponded to better HL.
Obtained categories were: bad HL (0-9) and good HL.!"~15
The HL questionnaire was developed and used by the French
Public Health Agency (Santé publigue France).>®

Other variables used for the description of the sample
and for adjustment in the models included sociodemographic
characteristics and vaccine-related items: sex (male, female);
age (18-20 years vs 20 years), marital status (single, in a
couple since at least three years without being married, mar-
ried, divorced/widower); having children (no, yes); being a
student (no, yes); studying or working in the health domain
(no, yes); self-perceived health before the lockdown (poor,
good); lifelong medical history including at least one disease
among cardiovascular disease, high blood pressure, diabetes,
chronic digestive disease, cancer, asthma or other respira-
tory problems, mental disorders or other illnesses (no/I do
not know, yes); being up-to date with vaccination (no, yes,

I do not know); and being regularly vaccinated against flu
(no, yes).

Analysis

A descriptive analysis was performed, presenting all variables
and measures in the form of numbers and percentages
for qualitative variables and means and standard deviations
(SD) for quantitative variables, stratified by the degree of
acceptance of the vaccine against the SARS-CoV-2 (anti-
vaccination, pro-vaccination, hesitant). Chi2 and ANOVA
independence tests were performed in order to compare the
three groups. A first multivariable multinomial regression
model investigated the association between intention to
get vaccinated against the SARS-CoV-2 and the capacity
to detect Covid-19-related fake news as well as levels of
HL, adjusted on the sociodemographic variables which were
significantly different among the three groups. Interactions
between each variable in the model were also tested. A
second model, identical to the first, but with additional
stratification between the ability to detect fake news and
the level of HL was performed to study the association
between the intention to get vaccinated against the SARS-
CoV-2 and the capacity to detect Covid-19-related fake
news according to HL levels. Statistical significance was
defined with a p-value<0.05. Data were analyzed with SAS®

version 9.4.

Not respecting eligibility
criteria (n=16)

—| N=2328

Missing values in variables
under study (n=681) i
Anti-vaccination Hesitant Pro-vaccination
N=306 N=180 N=1161

Fig. 1 Study flow-chart.

Results

Sample characteristics

A total of 2344 individuals completed the CONFINS
questionnaire. We performed a complete-case analysis, thus
excluding participants not meeting the inclusion criteria
and with missing values in the variables under study. The
final sample was composed of 1647 participants: 18.6%
(306,/1647) anti-vaccination, 10.9% (180,/1647) hesitant and
70.5% (1161,/1647) pro-vaccination (Figure 1).

Table 1 presents the sociodemographic characteristics of
the study population, plus the variables HL and detection of
fake news stratified by the three groups of vaccine accep-
tance. The total sample was composed of 78.5% (1293,/1647)
female participants. The mean age was 28.2 years (standard
deviation £11.5).

Concerning the detection of fake news, the mean score
for the total population was 6.5 (SD £1.0) out of 8. Those
reporting a bad score (0-5) were 15.2% (250,/1647) vs 84.8%
(1397/1647) reporting a good score.®~® The total study pop-
ulation reported a mean of 10.2 (SD £2.9) out of 15 for HL.
Those reporting a bad HL score (0-9) were 38.2% (629,/1647)
vs. 61.8% (1018/1647) reporting a good HL score.!’~1> We
observed significant associations between intention to get
vaccinated against the SARS-CoV-2 and sex (p < 0.01), study-
ing or working in the health domain (p < 0.01), having their
vaccination up-to-date (p < 0.01), being regularly vaccinated
against flu (p < 0.01) and the two exposure variables detection
of fake news (p < 0.01) and HL (p < 0.01).

We also assessed which were the most challenging fake
news for participants. The item which rose more problems
to participants was the one on the transmission of the virus
through the air, with similar percentages between “true” and
“false” answers, 43.3% and 36.9% respectively. Participants
were more doubtful about the item on the development of
the Covid-19 virus in a laboratory (29.1% answered “I do not
know”). See Supplementary Table S1 in the Supplementary
Material for more details.
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Table 1 Description of the study population stratified by vaccination groups (n = 1647)

Anti-vaccination Hesitant Pro-vaccination p
(n =306) (n =180) (n=1161)
n % n % n %

Sex <0.01
Male 45 14.7 31 17.2 278 23.9

Female 261 85.3 149 82.8 883 76.1

Age (years) 0.10
18-34 271 88.6 149 82.8 978 83.8

35 or more 35 1.4 31 17.2 188 16.2

Marital status 0.13
Single 129 42.2 87 48.3 491 42.3

In a couple since at least three 134 43.8 61 33.9 469 40.4

years without being married

Married 37 12.1 24 13.3 177 15.2
Divorced/Widower 6 2.0 8 4.4 24 2.1

Having children 0.17
No 274 89.5 156 86.7 991 85.4

Yes 32 10.5 24 133 170 14.6

Student 0.53
No 96 31.4 65 36.1 374 32.2

Yes 210 68.6 115 63.9 787 67.8

Studying or working in the health domain <0.01
No 228 74.5 113 62.8 649 55.9

Yes 78 255 67 37.2 512 441
Self-perceived health before lockdown 0.21
Bad 45 14.7 30 16.7 144 12.4

Good 261 85.3 150 83.3 1017 87.6

Lifelong medical history 0.06
No or | do not know 153 50.0 87 48.3 500 43.1

Yes 153 50.0 93 51.7 661 56.9

Up-to date vaccination <0.01
No 27 8.8 6 3.3 61 53

Yes 239 78.1 162 90.0 1019 87.8

| do not know 40 13.1 12 6.7 81 7.0

Being regularly vaccinated against flu <0.01
No 276 90.2 137 76.1 787 67.8

Yes 30 9.8 43 23.9 374 32.2

General health literacy scale — HL(mean (£SD)) 9.9 (£2.6) 9.5 (£3.2) 10.3 (+£2.9) <0.01
Categories <0.01
Bad (0-9) 143 46.7 82 45.6 404 34.8

Good'%-15 163 53.3 98 54.4 757 65.2

Detection of fake news (mean (£SD)) 6.3 (£1.1) 6.2 (£1.2) 6.6 (£1.0) <0.01
Categories <0.01
Bad (0-5) 67 21.9 40 22.2 143 12.3

Good®-8 239 78.1 140 77.8 1018 87.7
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Table 2 Effect of capacity to detect fake news and health literacy on intention to get vaccination against Covid-19, estimated with a multivariate

multinomial regression model (N = 1647)

Anti-vaccination vs Pro-vaccination

Hesitant vs Pro-vaccination

OR 95%Cl OR 95%Cl
Detection of fake news
Bad (0-5) vs Good®~8 1.80 [1.29;2.52] 1.93 [1.30;2.87]
Health Literacy Score
Bad (0-9) vs Good'%-1> 1.25 [0.96;1.63] 1.44 [1.04;2.00]
Being regularly vaccinated against flu (No vs Yes)
Individuals studying or working in the health domain 2.48 [1.44;4.26] 1.94 [1.12;3.35]
Individuals studying or working in another domain 4.50 [2.28;8.86] 0.92 [0.55;1.54]

Adjusted on sex, being regularly vaccinated against flu, having their vaccination up-to-date and studying or working in the health domain. OR: odd ratio;

95%Cl: confidence interval at 95%.

Intention to get vaccinated and associations

with detection of fake news and HL

Table 2 presents the results of the first multivariable multi-
nomial regression model. The reference category was the
“pro-vaccination” group. Based on their significance in the
descriptive analysis (p < 0.05), we inserted in the model the
following covariates: sex, being regularly vaccinated against
flu, having up-to-date vaccination and studying or working
in the health domain. We also inserted in the model the only
interaction we found, i.e., between being regularly vaccinated
against flu and studying or working in the health domain
(p = 0.04). No interaction was found between detection of
Covid-19-related fake news and HL (p = 0.55).

The risk of being “anti-vaccination” or “hesitant”, rather
than “pro-vaccination”, was higher among individuals report-
ing a bad detection of fake news, compared to individuals
with a good detection of fake news, and the risk of being
“hesitant” was more important than the risk of being “anti-
vaccination”, respectively OR = 1.93 (95%CI = [1.30;2.87])
and OR = 1.80 (95%CI = [1.29;2.52]), adjusted on covariates.
The risk of being “hesitant”, rather than “pro-vaccination”
was higher among individuals having a bad HL scote, com-
pared to individuals with a good HL score (OR = 1.44;
95%CI = [1.04;2.00]), adjusted on covariates.

Among participants studying or working in the health
domain, the risk of being “anti-vaccination” or “hesitant”
was higher among those who were not regularly vaccinated
against flu compared to those who wete vaccinated, and the
risk of being “anti-vaccination” was greater than that of being
“hesitant”, respectively OR = 2.48 (95%CI = [1.44;4.20]) vs.
OR = 1.94 (95%CI = [1.12;3.35]), adjusted on covariates.
Among those studying or working in a field other than the
health one, the odds of being “anti-vaccination” were 4.5

times higher among those who were not regulatly vaccinated
against flu compared with those who were vaccinated
(OR = 4.5; 95%CI = [2.28;8.80]), adjusted on covariates.

The same model was performed with a supplementary
forced-interaction between detection of fake news and HL
in order to obtain stratified results according to HL (Table 3).
Among individuals having a bad HL score, the risk of
being “anti-vaccination” or ‘“hesitant”, rather than “pro-
vaccination”, was higher among those having a bad detection
of fake news, compared to those with a good detection of
fake news, and the risk of being “anti-vaccination” was higher
than the risk of being “hesitant”, respectively OR = 2.18
(95%CI = [1.36;3.49]) and OR = 2.08 (95%CI = [1.17;3.71)),
adjusted on covariates. Among individuals having a good
HL score, the risk of being “hesitant”, rather than “pro-
vaccination”, was higher among those reporting a bad
detection of fake news, compared to those with a good
detection of fake news (OR = 1.83; 95%CI = [1.05;3.18]),
adjusted on covariates.

Discussion

Main findings of this study

The present study assessed the associations and their com-
binations between intention to get vaccinated against the
SARS-CoV-2 and detection of fake news about Covid-19 as
well as HL. We intended to verify whether the detection of
fake news changed or not the intention to get vaccinated
based on the levels of HL. We observed that there was no
interaction between the ability of detecting fake news and
HL, but that both these variables were associated with the
acceptance of a vaccine against the SARS-CoV-2. HL did
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Table 3 Effect of detection of fake news on intention to get vaccination against SARS-CoV-2, stratified on HL, estimated through a multivariate multinomial

regression model (N = 1647)

Anti-vaccination vs Pro-vaccination

Hesitant vs Pro-vaccination

OR 95%Cl OR 95%Cl
Detection of fake news (Bad vs good)
Individuals having a bad HL 2.18 [1.36;3.49] 2.08 [1.17;3.71]
Individuals having a good HL 1.50 [0.93;2.42] 1.83 [1.05;3.18]

Adjusted on sex, being regularly vaccinated against flu, having their vaccination up-to-date and studying or work in health domain with an interaction

between being regularly vaccinated against flu and study or work in health domain and an interaction between detection of fake news and health literacy;

OR: odd ratio; 95% Cls: confidence interval at 95%.

not have a moderating role, thus confuting our hypothesis. A
possible explanation might be that our fake news scale was not
too discriminating (i.e., questions wete not too difficult) and
that individuals with a low HL score could provide a good
answer. Only near one participant out of six reported bad
detection of fake news about the pandemic. However, the
stratification of the results of the second model confirmed
that bad HL. and bad detection of fake news were both related
to being hesitant or anti-vaccination.

What is already known on this topic

In a previous observational study conducted in Ttaly,'®

among
more than 2000 online articles related to Covid-19, articles
containing fake news were shared more than 2 million times
accounting for 78% of the total shares of all reviewed articles.
This high percentage throws light on the fake news phe-
nomenon and calls for an improvement of HL to better nav-
igate information on the net. Previous reseatch also reported
that HL in general helps identification of fake news’’: this is
especially true in crisis contexts like that generated by Covid-
19.18

A group of researchers from Germany developed a SARS-
CoV-2-related HL measure and administered it among 1153
adult Internet users.”” A total of 15.2% of participants were
found to have “inadequate HL”, 34.9% had “problematic
HL”, and 49.9% had “‘sufficient HL.” with reference to Covid-
19. The item where participants scored the lowest was that on
the capacity to “judge if information on SARS-CoV-2 and the
SARS-CoV-2 epidemic in the media is reliable”.

Concerning fake news and vaccination, the association
between misinformation and vaccine hesitancy is well docu-
mented.® A study conducted in England noted a link between
belief in Covid-19 conspiracies and an increase in vaccine
hesitancy.”® On the other hand, previous research has also
found that HL is associated with preferences for vaccination

. Q . . . .

in general.Z) Following the inoculation theory, preemptive
refutation of misinformation weakens the misinformation,
just as a medical vaccine is often comprised of weakened

virus. >’

What this study adds

This was one of the first studies assessing through a large
cohort the association between intention to get vaccinated,
misinformation and HL in relation to Covid-19. Our findings
allow for a better understanding of the relation between our
variables of interest providing a solid ground for policymakers
and health professionals to design and implement programs
to tackle Covid-19-related ‘infodemic’.

We found that intention to get vaccinated was associated
with agreement with fake news. Even if this result has been
already assessed in studies describing the relation between
spread of misinformation and decrease in immunization,®>!
our study was specifically addressing Covid-19, which
has not been explored before. The fight against SARS-
CoV-2-related fake news is pivotal, especially considering
that even an effective vaccine against Covid-19 runs the
risk of falling victim of fake news by increasing vaccine
hesitancy. Correcting misinformation should be considered
as a vitally important science and health policy activ-
ity.

Our study also found a significant association between
vaccine hesitancy and low levels of HL. Thus, evidence
is provided for the need to propose a series of strategies
to help the general public find the correct information
and thereby better engage them to adhere to correct
guidelines.’

Vaccine communication strategies should support the iden-
tification of fake news and promote HL in target audiences:
consistent communication by institutions is crucial to building

public confidence in vaccine programs.
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Limitations

This study was large and diverse but not representative of the
national population. As any online survey, participants who
have a special interest in the topic might have been recruited
(i.e. self-selection bias). Caution is needed in generalising from
the prevalence findings. Another limitation is the labelling of
the misinformation items as these particular beliefs are likely
contextual and subjective. Howevert, we proposed the most
diffused fake news in the French context at the moment of
the survey. Finally, we excluded some individuals because of
missing values in the variables of interest. The final sample
was not extensively affected counting more than 1600 partic-
ipants.

In conclusion, findings suggest that the spread of fake
news can influence vaccine uptake, but also that better HL.
can help evaluate information about Covid-19. For this, inter-
ventions are needed at the education and political levels to
contain misinformation and promote HL.
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