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ABSTRACT

To address vaccine hesitancy, specific self-rated tools have been developed to assess vaccine literacy (VL)
related to COVID-19, including additional variables, such as beliefs, behavior, and willingness to be
vaccinated. To explore the recent literature a search was performed selecting articles published between
January 2020 and October 2022: 26 papers were identified using these tools in the context of COVID-19.
Descriptive analysis showed that the levels of VL observed in the studies were generally in agreement,
with functional VL score often lower than the interactive-critical dimension, as if the latter was stimulated
by the COVID-19-related infodemic. Factors associated with VL included vaccination status, age, educa-
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tional level, and, possibly, gender. Effective communication based on VL when promoting vaccination is
critical to sustaining immunization against COVID-19 and other communicable diseases. The VL scales
developed to date have shown good consistency. However, further research is needed to improve these

tools and develop new ones.

Introduction

Health literacy (HL) relates to the ability to meet the complex
demands of health: it entails people’s knowledge, motivation,
and competence to find, understand and use health informa-
tion to make decisions on healthcare, disease prevention, and
health promotion." It can be considered a tool for people’s
empowerment.” Limited HL has been independently asso-
ciated with poor use of health services and outcomes, and it
is a major source of economic inefficiency.> > On the contrary,
high levels of HL can facilitate communication between
healthcare professionals and the public,*” which is critical in
terms of vaccination adherence because people with low HL
and perceived distrust of the health care system are more
reluctant to be vaccinated.®’

Although active immunization has proven to be effective in
controlling several vaccine-preventable diseases, vaccination
coverage has remained steady or even decreased in the past
few years, while vaccine hesitancy has emerged, resulting in a
refusal or delay in vaccine acceptance, including COVID-19
vaccines, at least in specific segments of the population.'®™'*
Such behavior results from a complex decision-making pro-
cess, that is influenced by different factors summarized into
the so-called “3 Cs” model, including the domains of compla-
cency, confidence, and convenience, that has been evolving
recently into the “4 Cs” and “5¢” models, comprising addi-
tional domains of calculation and collective responsibility.'*'*
Limited HL is considered a component of the convenience
domain of vaccine hesitancy and a contributing factor to the
low uptake of vaccines. Indeed, information about vaccines is
complex, and its understanding requires certain literacy skills.
Even when high proportions of the population have an

adequate level of HL, many people report difficulties proces-
sing information about vaccines.” This is particularly relevant
during times of crisis, such as the COVID-19 outbreak.'
People with limited HL have also contributed generate and
increase negative rumors on the media about vaccines and
other interventions aimed at containing the spread of the
pandemic, because of the lack of reliable knowledge of scien-
tific references. This has contributed to unhealthy, nonsocial
behaviors such as not wearing masks, not washing hands
regularly, and avoiding SARS-CoV-2 vaccination.'”'®

To address the issues related to vaccine hesitancy, the
concept of “Vaccine Literacy” (VL) has been proposed,'’
based on the same idea of HL. VL is not simply knowledge
about vaccines, but it entails motivation and competence to
deal with information about immunization, disease preven-
tion, and health promotion. VL has also been defined as
“the ability to find, understand and judge immunization-
related information to make appropriate immunization
decisions,”” or “a process of providing vaccine informa-
tion, building communication, and increasing people’s
engagement about vaccines.””® Indeed, disease prevention
and health promotion share many goals and there are
overlaps between the two realms. The relevance of VL in
the domain of disease prevention is obvious, as vaccination
aims at preventing infectious diseases in individuals and
within the population (herd immunity). In addition, it is
also relevant to health promotion, as a process of empow-
ering people to increase control over their health.?** VL
helps people to recognize the reasons behind recommenda-
tions and consider the outcomes of their possible actions.
Thus, it is important for the public, but also for all
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healthcare workers to be “vaccine literate” to understand
the meanings and the effects linked to newer and older
vaccines, when communicating the relevance of
immunization.

Limited HL is associated with low adoption of preventive
measures such as immunization,” but, using different general
HL measures, the association between HL and vaccine hesi-
tancy, was shown to be inconsistent (positive or negative).**
Therefore, the development of specific VL tools was undertaken
to further advance the vaccination field and provide useful data
to better understand the determinants of vaccine hesitancy
regarding children’s and adults’ immunization. In particular, a
self-rated tool has been proposed (HL Vaccines for adults in
Italian - HLVa-IT)* -later translated into English and called
HLVa - aimed at measuring VL levels associated with adulthood
vaccination. Based on the same construct, a measure has also
been developed to assess specifically COVID-19 VL (from this
point forward, COVID-19-VLS): this scale also includes other
variables of relevance, such as opinions, attitudes, behaviors, and
willingness to be vaccinated against SARS-CoV-2.%°

HL and VL have received growing attention through
research during the pandemic. Emerging literature has pro-
posed different measures that explore public and individual
attitudes and behaviors about COVID-19 and vaccine
acceptance.”” Yet, the role of HL on outcomes is still
controversial.?® In the context of COVID-19, assumptions
have been made about the relevance of the mediating role of
HL, for instance between distrust of the healthcare system and
vaccine hesitancy.® It has also been shown that a higher HL is
associated with better health behaviors, and suggested that the
effects of HL can be partially mediated through reduced per-
ceived barriers to behavioral action.”” Conversely, according to
others, there was no direct relationship between HL and
COVID-19 vaccine acceptance, which was rather the outcome
of positive attitudes toward general vaccination and self-
efficacy.”

In light of these considerations, this paper aimed to review
- among the large volume of publications on HL and
COVID-19 - articles specifically assessing people’s VL skills
using specific tools, as well as related determinants and out-
comes, primarily the acceptance of the COVID-19 vaccines.
In addition, we intended to potentially compare VL levels
reported in the various studies, as well as their association
with beliefs, attitudes, and behaviors toward COVID-19 vac-
cines within the general and selected populations, and
describe methods of validation of the tools used in local
languages.

Methods

This review was conducted in two steps. Given the correlation
between HL and VL, the first step involved a non-systematic
exploratory search of the literature on the role of HL during
the COVID-19 pandemic. For the second step, we conducted a
scoping review according to Arksey and O’Malley’s five-stage
scoping review framework,”" refined with the Joanna Briggs
Institute methodology™” to identify and describe all VL assess-
ment tools in the literature.

Research questions

The research questions addressed in this review were:

e “What are the VL levels in the population in the context
of COVID-19?”

e “What are the determinants and outcomes of VL in the
context of COVID-19?”

Search strategy

To capture all studies to contribute to a wide review, a
search strategy on MEDLINE/Pubmed was built by using
the following search string: “vaccine literacy” OR “vacci-
nation literacy” OR “vaccination health literacy” OR “vac-
cine health literacy.” Database searches were also
conducted in five other databases (Embase, Web of
Science, Cinahl, Scopus, and Psycinfo) using the following
terms: “vaccine literacy” OR “vaccine health literacy.” The
last search was completed on 31 October 2022. No other
date limits were applied. Citations from selected articles
were also reviewed for possible additional references and a
supplementary manual search on Google search was
conducted.

Inclusion and exclusion criteria

To be included in this review studies should have:

e described a tool/questionnaire that explicitly assessed VL;

e reported a VL score;

e reported at least one determinant or outcome of VL. For
determinants, we considered any sociodemographic vari-
ables that could influence the VL score. By outcomes, we
considered any variable that can be influenced by the VL,
particularly “attitudes,” and/or “behavior,” and/or
“beliefs,” and/or knowledge” of participants about
COVID-19, and/or their “vaccine acceptance,” or “vac-
cine uptake,” or “willingness/intention to get vaccinated,”
or “vaccine hesitancy.”

All electronic database search results were combined in
Endnote, and duplicate records were removed. The Preferred
Reporting Items for Systematic Reviews and Metal]Analyses
(PRISMA) flow diagram guidance was used to display studies
that were identified by the database search and met the inclu-
sion and exclusion criteria.

Data extraction and presentation of results

To answer the research questions, we created a data charting
form with the following elements: Authors, year of publication,
country of the study, study design, sample characteristics,
assessment tool, VL scores, determinants, outcomes, other
variables, and main findings and statistical methods used.
Data extraction was performed by three reviewers, and find-
ings were verified by other three reviewers.

We used information from the data charting form to
describe and summarize the overall number of studies, years



of publication, countries where studies were conducted, and
the focus and purpose of the studies. All vaccine literacy
instruments were categorized according to their characteristics
including their purpose, instrument design, and scoring
method. This review was not intended to evaluate the quality
of evidence from the selected publications (for example, using
quality rating scales), which is not within the purposes of
scoping studies.”"

The results of studies that used VL tools of various and
different nature have been analyzed and compared, also to
describe the association between VL levels, determinants, and
outcomes. A descriptive analysis was performed to summarize
the data reported in the publications. Due to the marked
variety of the studies in terms of demographics, methods,
and results, a meta-analytical approach could not be applied.
Anyway, additional analyses have been conducted to verify the
homogeneity of population samples, as well as the difference
and association between the aggregate results, in addition to
their distribution and potential predictive value in identifying
limited VL. In particular, chi-square, Grubb’s, Cochran’s Q,
Begg’s, Shapiro-Wilk, Wilcoxon, Friedman, Spearman’s corre-
lation, ROC curve have been used, considering 0.05 as alpha
value. MedCalc (ver. 18.2.1)*> and NCSS 2022°* statistical
software were used for analysis.

Results

In total, 39 studies were selected, of which 26 were original
publications (24 from bibliographic databases and two
from Google Search) assessing VL about COVID-19
through the use of specific VL tools - ie. HLVa or
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COVID-19-VLS (Figure 1). The two publications retrieved
from Google’*® are in the Turkish language but were
included because English abstracts were available, contain-
ing data relevant to the objectives of the review. These 26
VL papers were ultimately considered for review and
reported in Table 1. The other 13 screened publications
addressed the use of these same questionnaires to assess VL
in situations other than COVID-19, as well as of other
tools exploring VL about COVID-19 (Table 2).

The HLVa scale and COVID-19-VLS share the same psy-
chometric construct (Table 3), including functional, interac-
tive (otherwise known as communicative), and critical
questions. HLVa includes 14 items (questions) (Annex 1),
while in COVID-19-VLS there are 12 questions overall
(Annex 2). Five functional and nine interactive-critical items
are listed in the HLVa questionnaire, whereas in COVID-19-
VLS they were reduced to four and eight, respectively, to avoid
redundancy, merging questions that resulted repetitive during
the validation process of HLVa.®* HLVa and COVID-19-VLS
answers are rated on a forced 4-point Likert scale describing
frequency: a mean (+ SD) score is calculated (ranging from 1 to
4), a higher value corresponding to a higher VL level. For both
HLVa and COVID-19-VLS, a total VL score (i.e. the mean of
the functional, interactive and critical subscales) can be
reported, whereas many investigators prefer to describe func-
tional and interactive-critical scores separately. The variables
are treated as numerical data, like in prior studies where
similar scales had been validated ”° and used in vaccination
realms. %0471 Despite a cutoff not being identified so far, a
‘limited” VL score has been proposed corresponding to a
value < 2.50.°° Other Authors refer to the low tertile bound

Web of
Science 82

166 duplicates

removed

Screened by
title/abstract 314

Screened by full text:

70

Records excluded 244

e Records excluded 33

Articles included in
primary extraction: 37

Articles included by
manual search of

bibliographies and
Google Search: 2

Articles including a VL
tool: 39

Records excluded for not
using HLVa or COVID-19
VSL during COVID-19
pandemic : 13

Articles selected for
analisys: 26

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.
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10 L. R. BIASIO ET AL.

Table 3. Constructs and items of VL scales used in the surveys; ltems’ description is reported in Annex 1.

Scales
Subscales HLVa COVID-19-VLS
Functional items 5 4
Interactive (communicative) items 5 8
Critical items 4 (interactive and critical items merged)
Total VL items 14 12
Other items included in the questionnaire None Opinions, attitudes, and behavior toward COVID-19 and other vaccines

of the locally observed scores as a limited VL identification
threshold.”>”

HLVa was initially used and validated in 2019,°> while
COVID-19-VLS was first utilized in mid-2020 when SARS-
CoV-2 vaccines were being developed. Afterward, the scale
was adapted to the second version in January 2021 (Annex 3),
after the approval and deployment of the first vaccines, at
the very start of the Italian vaccination campaign against
SARS-CoV-2. *° The validation studies have identified two
distinguished latent components (factors) defining the con-
struct, corresponding to the functional and interactive-cri-
tical VL subscales, that explain quite high percentages of
the total variance. Both scales allow comparisons between
populations, as have been adapted and translated into var-
ious languages, in addition to Italian® and English,* and
administered in surveys carried out in different countries
(Tables 1 and 4). The construct of the COVID-19 VLS,
already validated in Italy,”® has been re-tested and validated
in Thailand> and Turkey’® - before administering it locally
to assess COVID-19 VL in samples from resident popula-
tions -, in addition to Croatia,"” Japan®’ and South
Africa.*” The tool has also been translated into seven fre-
quently spoken dialects in South Africa.*®

The HLVa scale was used In nine of the studies included
for review. Yet, in some of these publications, the score was
not calculated as per the original tool’s instructions:”* for
example, in some surveys, a summative score was reported,
rather than the mean score®”*° (Table 1). In other stu-
dies, only a few questions derived and/or adapted from the
HLVa scale were administered to the participants.’®** In
addition, this scale was translated into Chinese®' also add-
ing two supplementary interactive items to the 14 original
questions of the tool, and using a five-point instead of a
four-point Likert scale for frequency. Thus, despite the
relevance of these publications to the scientific community,
only two articles using HLVa***® reported scores “compar-
able” to other studies.

COVID-19-VLS was utilized in 17 studies. Actually,
this tool was used in 18 studies, but two*>*® were con-
ducted with different objectives on the same population
sample, reporting the same results, and were therefore
considered as a single study. In addition, in two surveys
where COVID-19-VLS was used, the VL score was not
calculated according to the original instructions,” and/or
the objectives were more focused on qualitative than
quantitative aspects,** thus they were not considered
“comparable” to other studies, in terms of observed
score. As a result, a total of 15 COVID-19-VLS studies
have been selected for review, to be added to two HLVa
studies (17 surveys in total).

HLVa and COVID-19-VLS scores, determinants, and
outcomes

Table 4 and Figure 2 list the 17 studies comparable in terms of
tool and scoring methods used, although they differ in terms of
population sample size, demographic characteristics, and
execution period. Table 4 does not include surveys adminis-
tering questions and/or using rating methods other than those
described in the instructions of the tools.”” In some of the 17
surveys, participants were divided into sub-groups, as reported
by the respective Authors, for a total of 22 study populations,
which were significantly dissimilar in sample size, ranging
from 154 to 14,466 (chi-square for homogeneity, p =.000).
The total VL score was not reported in all studies, therefore
it was considered preferable to describe the results of the two
subscales separately. However, where the total VL score was
not reported, it was computed using the data from the corre-
sponding studies, as described in Table 4, to get a more
comprehensive picture of the findings. Heterogeneity was sig-
nificant in both functional and interactive-critical sub-scales
(Q test p <.0001; 1%>98%, for both subscales), while publica-
tion bias was not (Begg’s test p=.523 and .732 for the func-
tional and the interactive-critical subscale, respectively). An
interactive critical subscale value was a low, significant outlier
(Grubb’s, p =.026), which we decided not to remove from the
analysis to be consistent with the descriptive purpose of the
review, but pointing out where its exclusion could alter the
significance. Actually, extremely low VL values had already
been observed in other studies using the same tools.*’

Comparing the aggregate data, the mean functional score
was lower than the interactive-critical score (2.83 +0.25 and
2.92 +0.42 respectively; median 2.87, and 2.95). This differ-
ence was not significant (Wilcoxon, p =.1305), but it became
marginally significant by removing the outlier (t-test p =.0502)
(Table 4). There was no difference concerning the distribution
in percentile, as one-third of both subscales scores were in the
lower tertile (Figure 2). The correlation between the two sub-
scales was not significant (Spearman, p =.724), even if it
became significant (p =.001) by excluding the populations
where the functional VL score was higher than the
Interactive-critical one (Figure 3). This was not the case for
the opposite, i.e. in the studies where the paired difference was
in favor of the functional VL (p =.844), and remaining non
significant even when removing the outlier (p=.166)
(Figure 3).

The most frequently considered determinants were age,
gender, educational level, occupational status, income, and
information sources, followed by race/ethnicity, marital status,
vaccination status, medicine consumption, testing positive for
COVID-19, geographical region, religion, health insurance,
consuming tobacco and/or alcohol, having been in self-
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Figure 2. Functional and interactive-critical VL score means (Cl 95%), and lower tertile distribution of 22 study populations using COVID-19-VLS or HLVa, and respective
references; lower tertiles bounds (functional = 2.64, interactive-critical = 2.78,) are represented by dotted lines; arbitrary cutoff value is set at 2.50 (solid lines). Authors’
names and study populations are numbered and listed alphabetically on the left side of the graph; markers dimension reflects variability in the sample size of the

studies.
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Figure 3. Spearman’s correlation (Cl 95%) between functional and interactive-critical VL (refer to Figure 2 for study numbering identification). The left-hand graph
shows studies where functional scores observed exceed interactive critical scores; the graph on the right shows those reporting a paired difference in favor of

interactive-critical VL.

isolation, and political affiliation. In most studies participants
were asked to indicate the main sources of information, to
evaluate what primarily influenced people’s understanding
and opinions on coronavirus and vaccines.

Age was not reported uniformly across studies: while some
Authors indicated the mean age (+ SD), others reported parti-
cipants’ frequencies according to different age classes.
Participants were mostly between 30 and 50 years, with extremes
of about 20 years (Saudi and Turkish nursing students),”** and

70 years and older (Thai general population).*’ Based on 21
study populations for which the mean age of respondents was
described, or information could be approximated from the
calculation of the reported age classes frequencies, the mean
has been estimated at 38.40 years (SD 10.16). Functional VL
appeared to increase significantly depending on aging (weighted
linear regression, p =.025); it was not the same for interactive-
critical VL (p =.925) (Figure 4). Gender was rather balanced,
although with a predominant proportion of female participants
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Figure 4. Weighted linear regression (95% Cl) between age and functional VL, and between age and interactive-critical VL; for studies where average values were not
reported, age was estimated from the age class distribution - Refer to Figure 2 for study numbering identification.

. . 43,53,56,59
in some studies,

women. 354257

Most investigated outcomes were COVID-19 vaccine
“acceptance,” sometimes called “uptake” - although the two
terms could not be equivalent in specific situations”” -, and
“vaccine hesitancy,” often assessed through the “5¢” model
vaccine behavior,”* the Vaccine Hesitancy Scale (VHS),”” or
the “Vaccine Confidence Index” (VCI).** Another frequent
outcome was “willingness” or “intention to get vaccinated.”
Even if vaccine intention does not necessarily equate to vaccine
acceptance or uptake, it still represents a relevant variable, as it
is demonstrated the association between higher hesitancy and
lower uptake.”® Other relevant outcomes were about vaccine
booster acceptance, in addition to a willingness to vaccinate
children, opinions and attitudes toward COVID-19 and other
vaccines (such as against influenza), perceived advantages of
preventive measures recommended by the Governments, and
intention to provide positive advice/counsel on vaccination
against COVID-19.

and with three surveys enrolling only

Additional publications reviewed and related tools

Among the papers screened, HLVa was also used outside of the
COVID-19 context (Table 2).

A face-to-face cross-sectional study was conducted in Italy
to validate the tool (HLVa-IT) in people attending public
health offices (mean age 63 years, females 66%): the mean
functional VL score was 3.23, whereas the interactive and
critical scores were 2.92 and 2.8, respectively.> The study
allowed the face and construct validation of the instrument,
by associating the VL score with the objective measure of the
participants’ vaccine knowledge.

Using the same tool, an online survey was carried out
among nursing home workers in Tuscany:** the mean value
of the functional scale was 3.17, while the interactive-critical
score was slightly higher (3.21). The higher values of both

subscales observed in this study compared to other surveys
may be related to the occupational status of respondents. It was
also shown that the interactive-critical score was a significant
positive predictor of participants’ use of official vaccination
campaigns, healthcare professionals, and search engines, and a
negative predictor of social media usage.

Aharon et al® utilized the same scale adapted from the
Ishikawa tool developed for chronic patients’® to assess VL
in a population of parents about the intention to vaccinate
their children. Contrary to expectations, among those who
completed the vaccination schedule, the functional score
(1.92), and the interactive (2.92) were lower than among
those who did not complete it (1.94 and 3.22, respectively),
showing that higher HL skills may be not predictive of vaccine
acceptance (p <.05), as also confirmed by others using the
same scale.”’

These findings are also consistent with results from a Dutch
survey using the same HLVa scale in an online questionnaire
aimed to assess the VL of parents of children aged 0-4 years, in
addition to their beliefs about vaccines.®> After reading texts
containing positive or negative advice about vaccination, their
answers revealed that they saw information that was consistent
with their beliefs as more credible and useful. Biased selection
and perceptions of message convincingness were more fre-
quent among those with higher HL.

The same HLVa scale was utilized in the Philippines to
evaluate parents’ awareness, VL, and Dengue vaccine
acceptance,®® in addition to a survey carried out about VL
and the degree of information and awareness of Italian ado-
lescents regarding teens’ vaccination.®’

In other studies, VL was assessed using other tools such as
HLS19-VAC,”” which is part of a family of instruments mea-
suring different types of HL, including four vaccination-
related items selected to assess the vaccination-specific HL.
This instrument was used to assess levels of VL in the general
Portuguese population® together with other questions about
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digital and navigational HL, and to identify the determinants
of VL of the Italian population through two online and tele-
phone surveys, performed before'® and during the COVID-19
pandemic.”®

Within the same context, in France, a survey was initiated
in April 2020 (CONFINS cohort” to monitor people’s well-
being and mental health during the pandemic lockdown, and
to define the population’s hesitancy toward vaccines. HL
assessment was performed using five items from the 5th
dimension of the Health Literacy Questionnaire (HLQ),*
and seven items about Digital vaccine literacy, in addition to
knowledge and beliefs about vaccination and capabilities to
detect COVID-19-related fake news.*®

In Japan, three consecutive surveys were conducted in
2021,%" using a 14-item questionnaire among the general
population, based on validated scales and indicators, to mea-
sure vaccine confidence and literacy, although containing only
two functional and one interactive VL item. The first survey
was conducted in January 2021 (before vaccine approval), the
second in June (start of vaccination of the elderly), and the
third in September (when about 70% of the target population
was vaccinated), corresponding to the end of the 37 4™ and
5™ waves of the COVID-19 epidemic in Japan, respectively.

Another study’' assessed the validity and reliability of the
Chinese version of COVID-19-VLS, in 362 residents. Factor
analyses indicated that the scale consisted of three dimensions.
Although different from investigations revealing two dimen-
sions of functional and interactive-critical VL,*****’ the theo-
retical basis of all these studies was the same, founded on the
three-level HL model proposed by Nutbeam.* In the Chinese
study, the mean COVID-19 VL functional score was 4.41 +
0.73, while those scores of interactive and critical VL were 3.55
+0.95 and 3.28 + 1.09, respectively, out of a range from 1 to 5.
The results indicated significant differences between func-
tional, interactive, and critical VL (p <.001), which was con-
sistent with previous studies,”®*®*” despite the different
scoring methods.

Discussion

The COVID-19 pandemic has been causing major health,
economic and social impact. Uncertainty among people has
been exacerbated by an enormous overload of conflicting
information, resulting in a veritable infodemic.*>** Debates
between individuals and organizations with a strong presence
on the web and in the media have often led to contradictory
opinions and negative beliefs. Scientific evidence is not always
useful for interpreting information, even for literate indivi-
duals, and can be counterproductive if too much information
is released with consequent saturation with conflicting data. It
has also been shown that searching online for health informa-
tion carries a risk of confirmation bias also for literate indivi-
duals, by selecting information that supports their own
opinions.®’

Misinformation and disinformation negatively impact
immunization programs and contribute to increased vaccine
hesitancy, as was the case with COVID-19 vaccines during
their development in 2020 and after they were approved and

deployed in early 2021, although there was variability across
countries as a result of different local determinants, such as
socio-demographic factors. Furthermore, the emergence of the
Omicron BA.1 variant and various newer sub-lineages has
made it difficult for the public to understand the evolution of
the pandemic, and the rationale for booster immunization.3>%°

In this context, the relevance of VL skills, and related
determinants and outcomes, were addressed in response to
the review’s research questions, by analyzing the studies
using comparable tools and methods. However, the review
was not intended for meta-analysis, nor was it a systematic
review. In line with the methodological framework of scoping
reviews,””? the data reported in the selected studies were
analyzed not to assess the quality of the publications, but to
contribute to the knowledge on a relevant health topic, i.e. the
relevance of VL in the field of immunization against SARS-
CoV-2.

HL and COVID-19

HL is key in preparing populations for situations that require a
rapid response, such as amidst a pandemic.'®® In particular,
HL is critical for navigation in the coronavirus context, as
shown by the vast number of online surveys published,
aimed at evaluating the abilities of people to collect and under-
stand information about COVID-19, using various scoring
scales on online questionnaires.*® Specific HL measures have
been developed, such as HLS-COVID-Q22,*” adapted from the
HLS-EU questionnaire® and used for the first time before
vaccine availability in a German cross-sectional survey of
participants aged 16 years and over. It was shown that half of
the interviewees had adequate COVID-19 HL levels, whereas
15% had problematic and 35% had inadequate HL skills: con-
fusion about coronavirus information was significantly higher
among those who had lower HL.

Also in other surveys conducted in early 2020, attitudes
toward immunization and its relation to HL levels were not
explored as often as other outcomes. In a few studies, simple
questions were asked to participants,”’ such as their opinion
about the statement “Data about the effectiveness of vaccines is
often made up” to which those with inadequate HL levels were
significantly more likely to agree. More complex question-
naires were also utilized, during the various pandemic phases.
As noted, in Japan®' vaccine hesitancy was assessed before
COVID-19 vaccine approval, at the start of vaccination, and
when 70% of the elderly had received at least one dose of
vaccine: hesitancy was detected in 17.5%, 65.3%, and 19.4%
of participants, respectively, and was significantly associated
with limited HL.

Limited HL was also related to reduced adoption of protec-
tive behaviors toward COVID-19,”* and it was often signifi-
cantly associated with negative beliefs and attitudes. There
were few exceptions, where no significant difference was
found in vaccine hesitancy as defined by HL levels.”> The
role of HL as a predictor of COVID-19 vaccine hesitancy was
shown in studies where specific behavioral questions about
vaccination were addressed.”* *® This was confirmed by a
review including 47 articles,” although the tools used to mea-
sure HL were not described for all the reviewed publications.



Attitudes toward COVID-19 vaccination have often been
assessed by tailoring existing HL tools. As mentioned, in some
studies an updated version of the European Health Literacy
Questionnaire (HLS19-Q47) was used, developed in the frame-
work of the M-POHL collaboration (WHO Action Network
on Measuring Population and Organizational Health
Literacy),'® also including four vaccination-related questions
to assess the vaccination-specific HL.">’® In other surveys,
participants’ HL was measured using the 12-item short version
of HLS-EU-Q, integrated with three vaccine-related items
extracted from the full version of HLS-EU-Q, to assess vaccine
literacy among people with different levels of perceived stress
related to the pandemic. As expected, people with higher HL
showed lower vaccine hesitancy.'"!

Findings about COVID-19 VL

The assessment of HL skills about COVID-19 vaccines has
been made more accurate using specific self-rated VL tools,
such as HLVa and COVID-19-VLS,*® which were adapted
from self-rated scales developed for chronic patients,”® and
specific to parents’ VL.°® The items included in both tools
engage the semantic system, i.e. the ability to read and under-
stand information (functional subscale), whereas the interac-
tive-critical subscale regards more the cognitive efforts (i.e. the
ability to engage with information and use it to make deci-
sions). COVID-19-VLS is more comprehensive than HLVa,
including also questions on immunization beliefs in general,
attitudes toward COVID-19 vaccines, in addition to behaviors
toward other vaccines for adults, such as influenza, thus allow-
ing evaluation of association with common outcomes without
the need to use other instruments.

The vast majority of studies using HLVa and COVID-19-
VLS were cross-sectional online surveys. These studies are
easier and quicker to complete, particularly during the fre-
quent periods of restriction (lockdown) since the start of the
pandemic. However, cross-sectional studies have various lim-
itations. Since they correspond to a one-time measurement of
exposure and outcome, it is difficult to infer causality. In
particular, in the surveys selected for this review, data reflect
snapshots taken at a different time of the outbreak (between
2020 and 2022), when, in reality, individuals™ attitudes are
dynamic and changing, in particular during a time as complex
as a pandemic. Furthermore, different distribution channels
were used in the studies reviewed, whose participants were
generally not randomly selected, but a convenience sampling
method was used, except for some investigations where mar-
keting research companies were in charge of recruiting a
representative sample by gender, race, ethnicity, and geogra-
phical distribution.***® In addition, only a few studies were
conducted following the Checklist for Reporting Results of
Internet E-Surveys (CHERRIES) guidelines.'®® In general,
Internet users do not represent the entire population. Online
surveys are subject to some well-known multiple risks of
polarization, such as selection, self-selection, non-response,
and social desirability biases,*®'*> although the latter may be
more common in telephone-based and face-to-face interviews
than in self-administered web surveys.'® In addition, online
surveys may exclude persons who do not have access to or do
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not frequently use the web due to different reasons, including
limited literacy.'®> This may be an additional bias that is
relevant for studies — such as those reviewed - that specifically
assess literacy skills, as it increases the probability of over-
estimating people’s VL levels.

Although the literature on HLVa or COVID-19-VLS is
limited (26 publications have been identified for review), sur-
vey respondents were heterogeneous, including all adult age
groups and both genders. Participants were distributed across
multiple countries, including general populations (Italy, the
USA, Croatia, and South Africa), young and older adults
(Bangladesh and Thailand, respectively), parents in Israel,
women in Australia, Turkey, and Japan, in addition to health-
care workers in Barbados, Japan, and Saudi nursing students,
Tunisian oncologic and Spanish patients affected with auto-
immune diseases. Sample sizes varied considerably from one
study to another, ranging from 90 to 10,666. However, the VL
score was not affected by the dimension of the population
under assessment (Spearman, p =.898). Most of the investiga-
tions were carried out when some COVID-19 vaccines were
already approved and administered in several countries, or
immunization campaigns were close to starting (i.e. begin-
ning-mid 2021), while the first survey conducted in Italy was
carried out at an early stage of development, in June 2020.
Three studies >”**® extended the assessment of COVID-19
VL to the booster dose. Differently than other common vac-
cines for adults (such as flu, pneumo, zoster, dTaP), COVID-
19 vaccines are on a multiple-dose schedule. As a result, the
experience with priming shots (such as experiencing side
effects,'* or self-rating a lower health status after the primary
vaccination'®” may be considered to be one of the determi-
nants of booster acceptance.

Several differences were observed between the studies con-
sidered in terms of geographical location and population
demography, sample size, and enrollment procedures, in addi-
tion to the different execution periods of the surveys, and
methods of online administration of questionnaires. Due to
this heterogeneity, it has been possible to perform a direct
comparison between them only about the score of the VL
subscales. The average values observed were generally rela-
tively high for both subscales, although with differences
between studies: the reported average functional scores ranged
from 2.4 to 3.27, whereas the highest score for the interactive
review was 3.39, and the lowest score was 1.7, which represents
a significant outlying value, but, if excluded, did not alter
significantly the mean interactive-critical score (2.98 instead
of 2.92), neither the distribution of scores in tertiles.

This variability is worth discussion. In the survey conducted
among oncologic patients in Tunisia,*® the average functional
VL score (= 3.2) was much higher than the interactive-critical
one which, as said, was extremely low (= 1.7). A significantly
higher functional VL score was also observed among the
Croatian population®” (functional VL = 2.86, interactive-criti-
cal VL = 2.12), in Israel’* (3.27 vs 2.86), Saudi Arabia®® (2.98 vs
2.70), and Turkey*' (3.02 vs 2.92, respectively). Moreover, in
studies conducted in Tunisia and Croatia the mean interactive-
critical score was below the cutoff value of “limited” VL
(£2.50). Consistent with these observations, also another
study using HLVa found a paired difference in favor of the
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functional subscale.”’ Therefore, these populations seem to
have sufficient skills in reading and comprehending COVID-
19 vaccine information, but their ability to be actively involved
in making their own decisions about COVID-19 vaccination
appears to be potentially reduced. These studies were con-
ducted at different points in the pandemic, mostly during
2021, when the incidence of COVID-19 cases progressively
increased in all geographic areas, and vaccination campaigns
were implemented with substantial differences across
Countries in terms of coverage rates. However, differences in
VL scores between studies appeared to depend more on local
cultural and socio-demographic determinants than related to
epidemiological factors and/or vaccine availability or uptake
during the conduct of the surveys.

In one study™® the scores of the two subscales were equal,
whereas, in all other investigations, the observed functional
values were below the interactive-critical VL values, even if
these were dispersed in a wider range (Figure 2). In the inves-
tigation conducted in South Africa a functional VL score<2.50
was identified in 40% of respondents, compared to 8% with
limited interactive-critical literacy.*® Similarly, in Italy*® a lim-
ited VL score was observed in 33% of persons for the func-
tional and 11% for the interactive-critical scale. Notably, when
considering only studies reporting mean interactive-critical
scores higher or equal to the functional scores, the correlation
between the two subscales was significant. It is unclear whether
this can be an indicator of the sensitivity of the tool when
assessing the association between VL and vaccine acceptance.
This would be worth exploring further.

While in Italy interactive-critical COVID-19 VL was higher
than functional VL, the results of an earlier study conducted in
the same country using HLVa before the pandemic had shown
the opposite,”> with a lower interactive-critical score.
Moreover, the level of interactive critical VL observed in the
second Italian survey was higher than that performed in the
middle of 2020.*° The rapid development of the COVID-19
outbreak has called for people to acquire and apply health
information, and adapt their behavior at a fast pace. Likely,
while the enormous quantity and variety of news have pro-
duced an overload, on the other hand, it has also led many
people to seek precise and reliable information, check the
credibility of sources, and discuss with other people, thus
increasing their interactive and critical skills, although the
ability to search for accurate information can also be related
to people’s characteristics and educational level. On the other
hand, functional skills were challenged by many complex ter-
minologies and technical information, which may explain the
lower functional score, also among highly educated indivi-
duals. In addition, in some countries the levels of functional
VL may have remained lower as information about the vac-
cines is generally available in English: participants with a non-
English first language may have difficulties in reading and
understanding the information.*> Notably, not only interac-
tive-critical but also basic functional VL is relevant:'®® if it is
low, there may be a risk that individuals do not always under-
stand the information they are interacting with. A certain level
of semantic understanding of the data is needed to determine if
the information is consistent with people’s choice to be
vaccinated.

The VL levels of selected populations studied in some of the
surveys (caregivers of elderly parents, health professionals,
patients) were not significantly different from those of the
general populations, except for cancer patients in Tunisia, as
mentioned,*® whose average interactive-critical score was very
low and associated to the acceptance to get the COVID-19
vaccine, which was also low (35.0%). However, this is difficult
to investigate given the limited number of studies assessing
these aspects, especially in low- and middle-income countries.
Such differences between countries are an obstacle to under-
standing the association between VL skills and willingness to
get vaccinated.

Finally, in two surveys where HLVa was used in the general
population of India and the USA, findings were in agreement
with the other studies, although a summative score was calcu-
lated, instead of a mean one. Non-hesitant participants showed
significantly higher scores of functional, communicative, and
critical literacies as opposed to hesitant participants, regarding
COVID-19 booster vaccination.””** Notably, the score values
were very similar between the two studies, although the sur-
veys were carried out in two different countries. Similarly, in
another survey performed in Iran®> COVID-19-VLS was not
administered following the tool’s instructions, but VL was
identified as a significant predictor of vaccine acceptance. On
the contrary, in another survey’* where eight items from HLVa
were administered to young adults from Bangladesh, VL failed
to have any influence on the vaccine uptake Intention, while
eHealth literacy shared a positive association with it, and
vaccine hesitancy was identified as the strongest predictor of
vaccine uptake intention. These observations raise the ques-
tion of the usefulness of using a limited number of items to
assess literacy, considering the complexity of the dimensions
underlying the VL domains, such as disease prevention and
health promotion. It is a frequent practice to reduce the length
of questionnaires by selecting items from an existing validated
scale, but shortening may impact on the construct validity and
consequently affect the assessing potential of the scale.*®

Determinants

The causal relationship between antecedents, HL, and out-
comes is still unclear.”® Moreover, it is not easy to under-
stand the relationships between the different factors
considered in the surveys and VL, as causality cannot be
established in cross-sectional studies. This is also relevant
to the vaccination status, which is usually considered an
outcome of VL, but, as mentioned, it could also be
regarded as a determinant: people may have improved
their VL skills through primary immunization, which may
have contributed, among other factors, to their choice of
getting booster doses, or other vaccines in the future. Some
factors are traditionally considered antecedents of HL,
including personal determinants." In the literature
reviewed, the main factors associated with VL included
age,” 4474955 gender,**>* educational attainment,**"*>"
47749755 marital,”® and socioeconomic status.*> The relation
between lower levels of education and lower income groups
and VL was also reported in the survey of patients with
autoimmune diseases conducted in Spain.*> The positive



association between income, education level, and VL is
somewhat expected, as persons with higher levels of educa-
tion are more likely to have a higher socio-economic status
and could be expected to have better access to knowledge
and be able to comprehend the information available to
them. However, as said, higher levels of education do not
always correspond with the ability to critically interpret
information, as information overload can occur even in
people with higher levels of functional and interactive-cri-
tical VL, who may not properly assess the available data.
Ethnicity can be an additional factor associated with func-
tional VL, particularly in multi-ethnic countries, such as
South Africa where vaccine illiteracy was highest among
Black Africans.*” In the same study age, gender, education,
income, health, and vaccination status were also indepen-
dently significantly associated with limited interactive-cri-
tical VL.

As mentioned, frequent factors influencing VL are also
age and gender. When examining the findings reported in
the reviewed studies, aging was significantly associated
with a higher VL, despite the mean age of the population
examined being quite low (median 37.55years). in a
research carried out in Thailand® older adults aged
under 69 years had higher VL than those aged over 70,
which is consistent with progressive decline in the capa-
city for processing information.'*®'°” These findings may
be related to seniors paying more attention to information
on disease management and prevention. While in younger
people HL may be related to higher education levels, in
older individuals HL skills, mainly assessed on functional
tests, are likely associated with memory performance '
and linked to higher morbidity rates and frequent use of
medications, as well as medical visits, and a consequent
better recollection of medical terms. In fact, crystallized
cognitive skills, like generalized knowledge and vocabu-
lary, are more stable with age, while fluid cognitive abil-
ities may decline.'"!

Thai females had a higher mean score for COVID-19
VL than males, which was consistent with what has been
reported in Spanish patients, among whom women had
higher interactive critical VL than males.*> Also in a
study carried out in China,”" women showed higher VL,
than men. These findings are supported by previous
research, which had shown that women tend to have a
higher HL, for reasons that are unclear.''> On the contrary,
Italian females’ mean VL score was lower than males,’ as
also reported by others,”®*> while other researches have
found no significant association between gender and levels
of interactive-critical VL.*”>>* These uneven data are prob-
ably related to the different characteristics and cultures of
the populations studied. Some surveys were unbalanced in
terms of gender representation, with women being more
numerous, up to 76% in the study carried out in the
Croatian population®” or 92% among the Spanish patients.”
*> Furthermore, in three surveys,”>***” only females were
enrolled, including a population of pregnant women.
Further studies are needed to better understand these
observations, as the gender imbalance may have had an
impact on VL levels.
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Outcomes: vaccine uptake and intention to be vaccinated

Results across several studies indicate that higher levels of
both VL subscales are often significantly associated with
uptake,*"*>3*°7°% or the intention to get vaccinated against
COVID-19.26°7:38483538 Notably, in the largest of the
reviewed studies®® unvaccinated persons were 1.3 times
more likely to have limited functional and interactive-critical
VL than those vaccinated (p =.001). Three studies on repeat-
dose immunization have been carried out in India®” and the
USA™ to assess the acceptability of COVID-19 vaccine boos-
ter dose among adult individuals: among the booster-hesitant
groups VL was significantly lower, and they were more likely
to be unvaccinated; in addition, they did not intend to have
their children vaccinated.”® It was also observed that women
were significantly more hesitant than men to receive the
booster.”® The investigation conducted in Barbados in early
2021,°° at the start of the national vaccination campaign,
administering six VL interactive-critical questions (adapted
from HLVa) to healthcare workers, showed that those willing
to be vaccinated had a higher VL score. In this survey overall
vaccine hesitancy was high (44.9%) even among healthcare
workers, but those with higher VL scores believed that cor-
onavirus vaccinations were safe and should have been recom-
mended. This is extremely important, as the attitudes and
behavior of health care providers are important to support
the value of immunization to their patients. HL is required
both for those who need information and for the health
services that provide it and ensure its accessibility to the
general population.” Interactions between health profes-
sionals and patients are essential processes by which people
are informed, educated, persuaded, and motivated to take
care of their health. Indeed, VL skills are also relevant for
health care workers because of their role as trusted sources of
health information and advocates, in particular during vacci-
nation campaigns.

Conversely, in Bangladesh, it was found that VL did not have
any influence on young people’s intention to get a COVID-19
vaccine.” Also, in the study conducted in Australia among a
sample of rural women the intention to be vaccinated against
COVID-19 was not associated with high VL levels.** In a survey
of Israeli parents,”* it was observed that willingness to vaccinate
children was associated with their vaccination status, and also
with their VL levels, although not significantly. Interestingly, in
another survey conducted in the same country before the pan-
demic, parents with higher VL skills appeared to be more at risk
of not vaccinating their children.”” As mentioned, good educa-
tional attainment does not always equate to an appropriate
ability to critically interpret information: people with appropri-
ate levels of functional, interactive, or even critical literacy, can
risk incurring errors of evaluation due to an overload of infor-
mation. In addition, when people perceive themselves to be very
knowledgeable, they may overestimate their judgment, which
may make them less receptive to misinformation,” as could
happen with the COVID-19 infodemic.

Vaccination status, in particular receiving the seasonal
influenza vaccine, was a statistically significant determinant
of VL levels*” and a predictor of reported intention to get the
coronavirus vaccine. Other studies confirmed that the
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behavior in the previous year’s seasonal influenza vaccination
predicted COVID-19 vaccine acceptance.''>''* Concerning
these vaccines, discussions were already intense, as they were
in the early stages of development, by 2020: the willingness to
be vaccinated varied from 55% to 90% of the general popula-
tion of many countries.”” In some countries, such as Italy,
during the early stages of COVID-19 vaccine development,*
and also close deployment,*® about 90% of people stated they
were willing to be vaccinated. This is consistent with high
coverage rates achieved in 2021,'"” although local mandates
and restrictions may have contributed to this result consis-
tently, and possibly more than the actual confidence in vac-
cines. In fact, differently than for the common recommended
vaccinations in children, achieving high levels of adult vaccine
coverage has always been difficult, despite the efforts of health-
care professionals and the evident health and societal benefits
to get vaccinated,''®1!”

Information sources

The “infosphere” is regarded as a social determinant of
health,''® and a situational determinant of HL." At the same
time, the ability to understand information is a primary
indicator of HL,""? and its correct use can be considered as
an outcome, as higher levels of literacy enable a better selec-
tion of valid information. In the reviewed studies, the infor-
mation sources differed among countries and study
populations. The internet was the most used source in Italy
by the respondents (72%), followed by social media (47%),
and television (49%),%® whereas it was television (56%), fol-
lowed by social media (37%) among Japanese family
caregivers,** with about 30% of information sources being
healthcare professionals. In the same country, a survey of
pregnant women and mothers®” confirmed these data, while
those with higher skills tended to rely more on doctors and
government and academic websites than women with lower
interactive-critical VL. In other countries, information
sources were more balanced, such as in South Africa ** and
Australia,** while sources most frequently used by the onco-
logic patients in Tunisia were television and radio (95.5%)
followed by the internet (52.8%). Surprisingly, these patients
did not include health professionals among their sources of
information.*® Doctors were not frequently mentioned also
in other situations, such as in South Africa,*> where they
represent only 12% of the information sources, whereas in
Australia®? and Japan®* they represented around 30%. In
contrast, the information source most frequently used by
Israeli parents who intended to vaccinate their children was
healthcare professionals (40%), whereas hesitant participants
mostly retrieved information from the Internet (24%),”*
which confirms the importance of the information source to
counter vaccine hesitancy. In an Italian study, using the
HLVa tool before the pandemic® total VL was significantly
higher among nursing staff who had declared to use official
recommendations and healthcare professionals as the main
sources of information. The literature on the role of health-
care workers in patient knowledge and HL is extensive.
Receiving information also about COVID-19 from physicians
was associated with higher HL among both young people and

seniors.'?® However, the role of the different information
sources as determinants, and the association with VL and
other variables, deserve further investigation to be carried
out on a dedicated review.

Consistency, validity, and reliability of VL tools

The VL tools developed so far have demonstrated good consis-
tency in the scores observed in various countries while showing
differences linked to sociodemographic factors. Their construct
has been validated in the general population of different regions
, based on participants’ knowledge of vaccines, and vaccination
status (VL scores among vaccinated individuals were higher
than those who were not or were not willing to do so).
Principal Component Analysis (PCA) and Exploratory Factor
Analysis (EFA), were used to extract the latent factors defining
the construct of VL skills. Both techniques have identified two
separate components (i.e. factors) underlying the functional and
Interactive-critical VL items, explaining high and comparable
percentages of the total variance, between 73.5%,”® and 58.1%°°
In some studies, Confirmatory Factor Analysis (CFA) has been
performed, in addition to EFA, in equivalent samples of the
same population, to verify the factorial structure of the
questionnaire.”®** Looking at the factor loading values reported
in studies applying the same factor extraction technique (PCA)
no significant differences were revealed between the popula-
tions, although using different statistical software (Friedman
test, between studies: p =.257) (Figure 5).

These results, showing a two-component construct, are
consistent with those of a study of nursing homes staff
(explained variance = 56.75%) using the HLVa tool, although
VL assessment was not specifically related to COVID-19.°* In a
survey carried out in China,”' using an adapted version of
HLVa, as mentioned, analyses identified three dimensions
(instead of two), i.e. functional, interactive, and critical VL,
explaining 63.3% of the total variance. In addition to the
methods used for factor extraction, there may be other expla-
nations for these differences: in the Chinese study the number
of items included in the tool was higher, and a five-point Likert
scale was used to rate the responses, instead of a forced four-
point scale used in the other surveys. Moreover, the cultural
backgrounds of the countries were different, and, although the
process of translating the tools was certainly accurate and
according to customary procedures, such as back-translations
performed by professionals, it may have been difficult to avoid
subtle variations in expression between the various versions of
the questionnaires.

In addition to the validation of the construct, face validity
has been performed for HLVa, and criterion validity has also
been sought for the same tool, verifying its relation with
acceptance of vaccines recommended in the adult/senior
age.’” A positive association with vaccine acceptance had
been observed on the functional scale in people aged 65 and
over, which did not allow to accept a predictive validity, con-
firming that the outcomes of VL are more clearly verifiable on
knowledge than behaviors. However, as mentioned, at least
five of the reviewed publications have demonstrated a signifi-
cant association between VL levels and COVID-19 vaccine
uptake,*"*>°>372% in addition to the other publications
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Figure 5. VL factor loading, using PCA extraction method, in populations from Itay (Biasio et al., 2020), Japan (Takahashi et al. 2022), Croatia (Gusar et al. 2021), and
Thailand (Maneesriwongul et al. 2002, unpublished data kindly provided by the Author). tems measuring functional VL (# 1-4) load on the second factor, while
interactive-critical items (# 5-12) load more on the first factor. Values reported in Gusar’s publication have been reversed to consent comparison. Refer to Annex 2 for

Item number identification.

demonstrating a significant association with the willingness to
be immunized. Reliability, evaluated by Cronbach’s alpha,
resulted in high or acceptable values in all the studies exam-
ined, sometimes with values for the functional above the inter-
active-critical subscale values, whereas in other cases, the
coefficients were similar or corresponding.

All these observations, in addition to the consistency of the
scores observed in the population samples and the association
with various relevant outcomes, support the suitability of the
VL tools, and will possibly provide information that can lead to
redefining which cutoff score should be used to define limited
levels of VL, which is currently proposed to be a score of 2.50
or lower. Currently, when looking at the distribution by per-
centiles of mean score estimates, one-third lies in the lower
33" percentile, which could likely correspond to “low literate”
individuals, as suggested by some Authors.’> In fact, before
having defined a cutoff value universally applicable, referring
to local average scores to identify limited VL seems valuable.
Assuming the lower tertile bound of the mean scores reported
in the reviewed articles as a threshold of limited VL, the ROC
curve analysis has shown that association criteria <2.78 (for
the interactive-critical subscale) and < 2.64 (for the functional
subscale) obviously provide the highest (100%) predictivity in
identifying limited VL (p <.0001), but sensitivity decreases
sharply by reducing both criteria by a single decimal point,
to reach extremely low predictivity at <2.50. Thus, a specific

analysis is required to provide a more accurate definition of
cutoff values, based on additional data that will become avail-
able in the future.

Strengths and limitations of this review

Arksey’s, and Briggs Institute’s well-established definitions for
scoping reviews were used to guide study selection, which
represents a strength of this review, together with the utiliza-
tion of various electronic bibliographic databases. Search
strings were precisely tailored to the specific questions, includ-
ing an exhaustive list of inclusion/exclusion criteria regarding
VL determinants and outcomes. Furthermore, citations and
articles were reviewed and controlled by two independent
groups of persons. The same occurred for the content and
format of the charting tables.

Despite the use of various databases and attempts to be as
comprehensive as possible, this review may not have identified
all relevant articles in the published and gray literature, as the
overall search strategy may have been biased toward public
health. Searches of other bibliographic databases may have
resulted in other relevant published studies, given the number
and variety of publications in the context of COVID-19.
Furthermore, while this review included any article published
in English, the search was conducted using only English terms,
which possibly could have led to missing some studies, despite
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that it was able to retrieve two relevant papers published in
Turkish via their English abstract. Reported limitations and
the heterogeneity of online cross-sectional studies in terms of
the period of completion, methods used, and reporting of
results may have affected the interpretation of the data, despite
the accuracy of the research questions. Particularly, in some
studies, participants were divided into subpopulations accord-
ing to different criteria, making it more complex to evaluate
the results. In addition, the studies that were not included in
the score comparison, due to the different methods used for
the assessment, could have provided additional relevant data,
although the reported results were in line with those of the
other surveys, confirming the positive association between
high VL skills and positive behavior toward COVID-19 pri-
mary vaccination and booster.

Despite differences, most of the reviewed studies used the
same scale validated in different populations and languages,
which is a strength, considering the wide variety in rating
scales of online questionnaires administered in the COVID-
19 context. Thus, by associating studies, we believe that it has
been possible to obtain a fairly accurate image of the use of
tools and of the measure of VL skills, even in the diversity of
values reported in the various regions and populations, prob-
ably linked to methodological and/or local cultural differences.
Due to this, we addressed the research questions mainly
descriptively, despite statistical interpretations that have been
proposed, which should be treated with caution because they
rely on reported heterogeneous data, and were not directly
observed.

Future research

In addition to a possible definition of the cutoff values of the VL
scale, as mentioned above, other important areas require further
investigation, the main of which remains the role of VL as a
mediator in influencing vaccine acceptance - despite some
evidence suggesting this -, given that the research undertaken
so far is limited and heterogenous, and predominantly focused
on COVID-19. Moreover, while VL appears to be associated
with education, income, and social status, more research is
needed to determine whether and why gender differences
occur, and how to address them. More generally, the causal
relationships between determinants, VL, and health outcomes
- and the mediating role of VL - should be further investigated.
Future research should also be focused to develop other VL tools
and/or fine-tune the construct of existing instruments and
items, concomitantly with administering objective questions
on vaccine knowledge. Indeed, using VL tools may be not only
psychometric in scope but also “educational,” as by answering
the questions participants may find the motivation to increase
their ability to obtain accurate information, thus increasing
knowledge about health topics.

The likelihood that respondents often use inaccurate infor-
mation is supported by the fact that they frequently rely on
media, such as television and social media that are less likely to
be objective than other sources such as healthcare workers.
Therefore, with the widespread use of television and social
media for COVID-19 information, future VL surveys should
be designed to tailor communication strategies to information

channels which ensure a better understanding of news and
increase confidence in vaccines. However, despite mixed infor-
mation on the Internet, different from official media, the
interactivity of social media cannot be underestimated, since
they encourage educated people to analyze and compare infor-
mation from different sources, thus improving literacy skills

As is the case with vaccine hesitancy, VL is dynamic and
context-dependent. Thus, measuring and tracking it over
time is essential and is an important objective for further
studies. Repeated cross-sectional and longitudinal surveys
have already been conducted to identify changes in vaccine
acceptance over time and factors influencing it. Some
authors described a decrease in intentions of getting
COVID-19 vaccines when they became available, often
related to concerns about the vaccine’s safety,'”"'*?
whereas others have reported an increase in vaccine accep-
tance over time associated with an increase in HL skills,'*
and others have documented changing trends during the
various phases of the pandemic.®’ An increase in the inter-
active-critical VL levels was observed in Italy in 2021 in
comparison with the previous investigation conducted in
2020, administering the same questions, although to a
different smaller population sample. More longitudinal
research should be conducted administering specific VL
tools, to further confirm the consistency of results and
check individuals™ ability to understand and use informa-
tion over time, also after the end of the pandemic.

Longitudinal surveys may also help to evaluate the
knowledge, attitudes, and behaviors of the population
about the different COVID-19 vaccines approved and
available to date. Indeed, people’s literacy skills may
have also been affected by conflicting information and
debates about the various manufacturing platforms
(mRNA, viral vector, proteic, etc.) and the respective
safety and efficacy data released by the scientific and lay
press — although in some surveys these aspects have been
partially explored ** -, in addition to the number of doses
to be administered, and the decision to make them man-
datory by some Governments. Moreover, as noted above,
the HLVa scale was also used to assess VL in studies
carried out outside the COVID-19 context,”* ®* also
including literacy specific to other communicable diseases,
such as Dengue.®® This may represent another interesting
area for further research about VL.

Finally, adolescents are another area for future research,
since all participants in the studies of this review were adults.
The pandemic has had many negative effects on teenagers,
especially in low- and middle-income countries,'** while vac-
cine coverage rates in younger age groups are insufficient even
in developed realms.'”>'*® The controversial nature of
COVID-19 vaccination may put additional pressure on par-
ents making decisions about immunizing their sons. In recom-
mending vaccination, it is important to consider parents’
beliefs, attitudes, and behaviors to increase vaccine uptake,
but also adolescents’ knowledge of self-consent rules, and of
the relevance of taking part in vaccination decisions.'”’ Likely,
adolescents’ awareness about the importance of vaccination
against SARS-CoV-2 and self-consent is related to VL: these
aspects should be worth exploring.



Conclusions

To be health literate refers to people’s ability to understand and
process health information in a way that enables them to make
appropriate decisions related to achieving positive health out-
comes. HL is even more relevant during pandemics, to prepare
people for situations that require rapid responses, and an
understanding of the relevance of prevention, especially in
terms of vaccine acceptance. To address the issues related to
vaccine hesitancy, the concept of VL has been proposed on the
same concept of HL. VL entails motivation and competence to
deal with information about immunization, disease preven-
tion, and health promotion. Tools developed to assess VL in
adulthood, subsequently adapted specifically for COVID-19,
have been proven to be useful in different countries in measur-
ing VL and its association with knowledge, attitudes, and
adherence to preventive measures. This scoping review
enabled us to reply to the research questions regarding the
VL levels in the context of COVID-19, as well as the main
determinants and outcomes. The VL scores reported in the
different surveys were variable but allowed to perform com-
parisons, although mostly descriptive. Pending the definition
of a generalizable cutoff score, limited VL can be identified
based on local average values. The observed interactive-critical
score was often higher than the functional one, suggesting that
the COVID-19-related infodemic may have boosted people’s
motivation and improved their ability to interpret and use
information. Preparing the population for possible future
communicable disease outbreaks is mandatory and urgent,
and it is a complex topic. In this regard, it will be relevant to
further develop the concept of VL and related tools for mon-
itoring the evolution of people’s knowledge about immuniza-
tion and promoting vaccination uptake. Considering the
uncertainties around the virus variants that will probably be
the primary driver of possible future outbreaks, and how
severe these variants may be, it is key to continue and adapt
the immunization programs against SARS-CoV-2, based on
data available over time on the viral evolution and the char-
acteristics of current and new vaccines. The results of this
review confirm the relevance of assessing and considering
people’s VL skills when promoting vaccine adoption and
establishing related communications. The reviewed tools
have shown a significant potential to assess VL levels, which
may help tailor and target public health interventions to
address vaccine hesitancy.
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Annex 1. HLVa, tool to assess Health Literacy about Vaccination in adulthood

Variable Measure and Items Assessment (score)
Vaccine Literacy functional skills When reading or listening to information about future vaccines or current Ordinal
vaccines for adults: 4 points Likert scale for
(1) Did you find that the material as a whole (texts and/or images) was difficult to read? ferquency
(2) Did he find words you didn’t know? ® Often (1)
(3) Did you find that the texts were difficult to understand? ® Sometimes (2)
(4) Did you need much time to understand them? ® Rarely (3)
(5) Did you or would you need someone to help you understand them? ® Never (4)
Vaccine Literacy interactive When looking for information about vaccines for adults: Ordinal
(communicative) skills (6) Have you consulted more than one source of information? 4 points Likert scale for
(7) Did you find the information you were looking for? frequency
(8) Did you understand the information found? ® Often (4)
(9) Have you had the opportunity to use the information? ® Sometimes (3)
(10) Did you discuss what you understood about vaccinations with your doctor or other ® Rarely (2)
people ® Never (1)
Vaccine Literacy critical skills (11) Did you consider whether the information collected was about your condition?  Ordinal
(12) Have you considered the credibility of the sources? 4 points Likert scale for
(13) Did you check whether the information was correct? frequency
(14) Did you find any useful information to make a decision on whether or not to get ® Often (4)
vaccinated? ® Sometimes (3)
® Rarely (2)
® Never (1)
Annex 2. COVID-19-VLS, tool to assess VL skills, perceptions, attitudes, behavior, and beliefs
Variable Measure and Items Assessment (score)
Vaccine Literacy functional skills When reading or listening to information about future COVID-19 vaccines or Ordinal
current vaccines: 4 points Likert scale for
(1) Did you find words you didn’t know? frequency
(2) Did you find that the texts were difficult to understand? ® Often (1)
(3) Did you need much time to understand them? ® Sometimes (2)
(4) Did you or would you need someone to help you understand them? ® Rarely (3)
® Never (4)
Vaccine Literacy interactive/critical When looking for information about future COVID-19 vaccines or current vaccines: Ordinal
skills (5) Have you consulted more than one source of information? 4 points Likert scale for
(6) Did you find the information you were looking for? frequency
(7) Have you had the opportunity to use the information? ® Often (4)
(8) Did you discuss what you understood about vaccinations with your doctor or other ® Sometimes (3)
people? ® Rarely (2)
(9) Did you consider whether the information collected was about your condition? ® Never (1)
(10) Have you considered the credibility of the sources?
(11) Did you check whether the information was correct?
(12) Did you find any useful information to make a decision on whether or not to get
vaccinated?
Beliefs about vaccination How much do you agree with the following statements: Ordinal
(1) ‘I am not favorable to vaccines because they are unsafe’ 4 points Likert scale for
(2) ‘There is no need to vaccinate because natural immunity exists’ agreement
® Totally (1)
® Alittle (2)

® Partially (3)

® Not at all (4)
COVID-19 vaccines perceptions and About future COVID-19 vaccines: Nominal

attitudes (1) Will be possible to produce safe and efficacious vaccines? YES/NO
(2) Will you get vaccinated, if possible?
(3) Will Authorities succeed in vaccinating the entire population?
(4) Would you pay a fee to be vaccinated?
Should children be vaccinated too?

Other vaccines behavior About current vaccines: Nominal
(1) Have you been vaccinated against flu last season? YES/NO
(2) Will you get vaccinated against flu this year?
(3) Do you plan to be vaccinated against other infectious diseases?
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Annex 3. COVID-19-VLS, reviewed in January 2021, subsequent to the approval of the first SARS-CoC-2

vaccines
Variable Measure and Items Assessment
COVID-19 vaccines perceptions About future COVID-19 vaccines: Nominal
and attitudes (1) ...do you think the vaccines developed so far are safe? YES/NO
(2) ...do you think they are efficacious?
(3) ....do you think they overlap, regardless of the production technique used?
(4) ...do you intend to get vaccinated against COVID-19?
(5) ....if you could, would you choose which vaccine to take?
(6) ...will the Government be able to offer the vaccine against COVID-19 free for everyone?
(7) ...would you pay a fee to be vaccinated?
(8) ...should vaccination against COVID-19 be made mandatory for everyone?
(9) ...should vaccination against COVID-19 be made compulsory for the most at-risk groups?
(10) ...do you think children should be vaccinated too?
Other vaccines behavior About current vaccines: Nominal
(1) ... have you been vaccinated against flu? YES/NO

(2) ...you wanted to be vaccinated against the flu, but you couldn't?
(3) ...in 2020 you have been vaccinated and/or do you intend to vaccinate yourself soon against other
infectious diseases, in addition to influenza and COVID-19?
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