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ARTICLE INFO ABSTRACT

Keywords: In this article, we present and empirically illustrate two concepts about vaccines and the way they are perceived

Vaccines by the Argentinean population and the easiness in accessing vaccination in developing countries. First, we focus

Confidence on the perceptions of people about vaccines in general and develop a confidence index, and second, we analyze

Access Barriers . c . . i . L o

Survey Data barriers to vaccination, measuring the burden citizens have when they intend to receive immunization (or as
Yy

caretakers, trying to comply with the vaccination calendar of children and adolescents): for this second concept,
we develop an access index.

The data comes from representative annual surveys from Argentina from 2019 until 2022 (each one with
approximately 7000 responders), which allows us to describe trends and check for changes in the confidence in
vaccines and barriers towards vaccination. We find high confidence in vaccines in Argentina, although there is a
“structural break” in the confidence for all years after 2020. Because we changed the questionnaire and meth-
odology regarding the access to vaccines index in 2022, the discussion focuses on the cross-section of 2022,
observing that barriers to vaccination tend to affect less educated caretakers.

1. Introduction/Background

Vaccines have been pivotal in reducing morbidity and mortality
since the advent of successful inoculations. Diseases such as smallpox
have been eradicated through persistent vaccine use over decades.
However, public hesitancy, often linked to issues of confidence and
misinformation, impacts vaccination efforts [1,2]. These factors affect
perceptions about vaccine safety as much as effectiveness, especially
because of lower uptake.

A term linked to confidence is that of vaccine hesitancy, a continuum
between the extremes of the polar view of vaccine acceptance and
vaccine refusal. Hesitancy depends on the context: an individual may be
basing the decision of receiving a vaccine depending on when and why a
certain vaccine is needed, without having an anti-vaccine position. The
systematic review that Larsson [3] performs offers an example of the
complexity of the determinants of hesitancy but also of vaccine uptake,
showing mixed results when comparing the determinants of uptake
across countries in terms of socioeconomic factors or educational level.
However, exposure to mass media or community positive messages
about vaccinations in Nigeria, India or Bangladesh were found to boost

immunization uptake. Therefore, as Larsson and colleagues indicate,
there is “no universal algorithm” as to factors affecting uptake: it all
depends on context and nuances. It is likely that in a systematic review
there are factors different to control for, and therefore results on
bivariate relationships are unstable across countries, also because the
definition of the variables being analyzed (uptake, socioeconomic fac-
tors) are not easy to determine clearly [3].

In developing countries, another crucial element is access to vacci-
nation. Even with free vaccinations, other costs must be considered.
Factors such as reaching the vaccination center, opportunity costs in lost
wages, and inconvenient operating hours can hinder timely access to
vaccines (i.e., as per the vaccination calendar). In developing countries,
individuals far from main cities often lag in immunization coverage,
leading to inequality in access [4].

Overall, vaccine uptake is influenced by a combination of barriers to
access, social norms, lack of information, diminished disease risk
perception, and potential lack of confidence [2]. In light of these issues,
we initiated a novel project in Argentina, an upper-middle-income
country according to the World Bank [5]. This country faces contrasts
in healthcare access based on geographical and socioeconomic factors,
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despite offering twenty mandatory free vaccines. Notably, high vacci-
nation uptake levels [6] do not imply seamless access, as barriers can
impact the effort and obstacles citizens face in getting vaccinated, as our
survey shows. Moreover, vaccine uptake could be driven by mandatory
policies despite existing access issues.

Inspired by Larson et al.’s work [7], we have conducted an annual
survey since 2019 to assess confidence issues. We also aim to charac-
terize barriers in vaccine access. Herein, we describe our approach, re-
sults, and conclusions.

Because of the brief literature review shows, among other findings,
that issues surrounding vaccine takeout (such as determinants of hesi-
tancy), we follow an alternative: we build a questionnaire based from
alternative sources that we apply to a single country to monitor through
time in a well-designed public opinion survey the evolution of confi-
dence and barriers to access to vaccines. It must be said at the moment,
the study has been granted no clearance from an ethics committee or
IRB.

Table 1
Questionnaire used in the 2022 survey.
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2. Methods
2.1. Survey

An anonymous annual survey, reaching approximately seven thou-
sand individuals aged fifteen and over, commenced in 2019. Data is
collected in the year’s final months. We employed a stratified random
sampling method for Argentine residents aged 15 and above, with a
structured questionnaire administered via an Interactive Voice Response
(IVR) system on mobile phones. We maintained a minimum sample size
of 7,000 across Vaccine Confidence and Access Index (VCAI) measure-
ments, collecting 7,299 complete surveys in 2022. Calibration estima-
tors, based on parametric census data, balanced variables like gender,
age, household size, education level, and province. Confidence intervals
were determined using Monte Carlo methods.

The automated telephone survey aimed for extensive geographic
coverage, encompassing urban, peri-urban, and rural areas, while also
engaging the young population.

1. Contextual questions:

Age: What is your age? (individuals ages 15 and older are considered)
Gender: What is your gender?

Education level: What is the highest level of education you have attained? (Divided in 7 categories)

Residence: Where do you live? (4 categories are considered)
Pregnancy status (women): Are you currently pregnant?

Caring for an infant/child: Are you currently caring for an individual 14 years or younger under your care? Note: If the person is caring for an individual 14 years or younger, the person
is considered as caretaker. Otherwise, the person is considered as belonging to the “general population”.
Household size: How many people currently live with you (at home)? 6 categories are considered.

2. Confidence index questions:
What is your stance regarding the following affirmations?
—I think vaccines are safe (5 categories, including Doesnt know, doesnt answer).

—I consider that vaccines are effective (5 categories, including Doesnt know, doesnt answer).

3. Barriers to access index: Questionnaire for caretakers and general population (i.e. not caretakers)
3.1 Questions about access to vaccines (to compute the Barriers to access index in the general population):

The next questions we formulate are regarding your last experience with vaccination:

Ease of Access: Accessing the vaccination center was... (answers to this question —4 categories- reflex how easy it was the whole process of procuring a vaccine).
Thinking on your last experience with vaccination: Was it easy to reach the vaccination post? (Yes/No).

Was vaccination denied to you at any point in the past? (Yes/No)

Time Schedule of the vaccine post: Were vaccination hours convenient for you? (Yes/No)

Waiting time: Did you have to wait a long time to get vaccinated (Yes/No)
Vaccine access: Were you vaccinated? (Yes/No)

3.2 Questions about access to vaccines (to compute the Barriers to access index for caretakers regarding vaccination trends in children):

The next questions we formulate are regarding your last experience with vaccination:

Ease of Access: Accessing the vaccination center was to vaccinate my child was... (answers to this question —4 categories- reflex how easy it was the whole process of procuring a

vaccine).

Thinking on your last experience with vaccination of your child or a child you are taking care of: Was it easy to reach the vaccination post? (Yes/No).

Was vaccination denied to you at any point in the past? (Yes/No)

Time Schedule of the vaccine post: Were vaccination hours convenient for you? (Yes/No)

Waiting time: Did you have to wait a long time to vaccinate the child? (Yes/No)
Vaccine access: Were you vaccinated? (Yes/No)

4. General questions not linked to the indexes (for caretakers and general population):
4.1 Common questions for caretakers and general population

The same pair of questions are formulated for those who are considered caretakers, and the remaining set of individuals (not caretakers, and considered “general population™), to

analyze them separately, without influencing any index.

Family norms: Do you think that most of your family members and close friends like you to get vaccinated? (Yes/No)
Do you trust health care workers that perform vaccinations and advise about vaccines? (Four categories)
4.2 Questions about access to vaccines in the general population (not to compute the Barriers to access index):

Information about vaccination sites: Do you know where to go to get vaccinated (Yes/No)

AffordabilityAccesibility: Is it easy to pay for vaccination? When considering the cost, consider vaccination site fees (if any), the cost of transportation, the cost of missing time at work.

(4 categories)
In the last year: Did you try to get vaccinated? (Yes/No)

4.3 Questions about access to vaccines in caretakers (not to compute the Barriers to access index):
Information about vaccination sites: Do you know where to go to vaccinate your child? (Yes/No)
Affordability/Accesibility: Is it easy to pay for the vaccination of your child? When considering the cost, consider vaccination site fees (if any), the cost of transportation, the cost of

missing time at work.
(4 categories)
In the last year: Did you vaccinate your child? (Yes/No)
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Before we proceed, it is important to stress that some questions were
separately made to two disjoint sets of individuals: the caretakers (in-
dividuals who have in charge a child aged 14 or less, to make questions
about children when appropriately) and the rest of the population,
which we labelled as “general population”. This division is used only to
calculate barriers to access for children and adults, but not in the
calculation of the confidence index.

The questionnaire included different questions, covering socio-
demographic (contextual) details, questions to compute the vaccine
confidence index [7], influenced by the work of the London School of
Hygiene & Tropical Medicine, six questions assessing access barriers,
comprising questions to the group of caretakers as well as to the group
considered “general population” taken as separate groups (to calculate a
barriers to access index for caretakers, reflecting barriers to vaccination
for children and for the “general population™), a group of questions not
used to calculate an index but directed to caretakers and “general pop-
ulation” as separate groups, and a set of questions not used to calculate
the indexes but rather to ponder on current topics of health and vacci-
nation that changes from year to year. Part of the question followed
insights of the WHO position paper on behavioral and social drivers of
vaccine uptake [4]. These questions are displayed in Table 1.

The questionnaire also included demographic questions (e.g., age,
gender at birth, highest education level, geographic region) as cova-
riates in the analysis, but no personally identifiable information (e.g.,
phone numbers) was kept in the dataset. The sampling design was a
stratified random type, calibrated using census data for variables like
gender, age, household size, education level, and province. The esti-
mation domains were Argentine regions: Northeast (NEA), Northwest
(NOA), Central (Centro), Cuyo, Patagonia, and the densely populated
Greater Buenos Aires (GBA) and City of Buenos Aires (CABA). Regarding
the composition of the sample, 33.24 % of those interviewed live in the
City of Buenos Alres or in the Greater Buenos Aires area. Regarding age,
14.41 % of those interviewed are older than 15 years and younger than
30. Older adults (ages 65 and over) make 14.10 % of the (unweighted)
sample whereas the rest (71.49 %) are between the ages of 30 and 65. In
terms of education, almost 40 % (39.84 %) of those interviewed have
completed at least High School and 39.06 % of the respondents are fe-
male. As said before, to compute data displayed in the figures, weights
are used. In this case, we wanted to show unweighted data to show the
number of individuals interviewed in each category rather than masking
the composition using weights. Indexes provided in the figures are
properly weighted.

Respondents aged fifteen and over were surveyed, and questions
about children in their care were included to monitor vaccine access in
minors/children.

2.2. Vaccine confidence

Vaccine confidence was analyzed using a principal component
approach, suited for ordinal data through an ordinal regression model.
The three variables of the confidence index display the same trend (i.e.,
an increase in one component correlates with improved confidence).
Components were constructed based on typical weights used in the
principal component method, and variables were scaled so that indi-
vidual scores ranged between 0 and 100.

Thus, a number between 0 (minimum confidence) and 100
(maximum confidence) was assigned to each individual as a Vaccine
Confidence Score (VCS), and using sampling weights, an average VCS
was calculated for subpopulations of interest (e.g., age group indexes,
regional indexes, national index) to yield Vaccine Confidence Indexes.

2.3. Data processing
A frequentist approach was used for inference, employing calibration

estimators against sociodemographic discrepancies and non-responses.
“Raking” was utilized for weight assignment, with weight trimming to
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reduce variance impact. Uncertainty was quantified using a Monte Carlo
strategy and the bootstrap method, involving stratified random resam-
pling. Variance due to weighting was examined via non-parametric
bootstrap. Confidence intervals were estimated using the t-bootstrap
method. Missing data were addressed through “Multiple Imputation
Chained Equations” using Random Forest models.

2.4. Vaccine confidence index

The survey includes questions on vaccine confidence, analyzed using
a principal component approach. Due to the ordinal nature of responses,
the variance-covariance matrix typically used in these methods is
calculated using an ordinal regression model. The three variables of the
confidence index all show positive correlations (i.e., as one component
increases, overall confidence improves). The components are formu-
lated based on weights typical of the principal component method, with
variables scaled so that each individual’s score ranges between 0 and
100. Consequently, each individual receives a Vaccine Confidence Score
(VCS) between 0 (minimum confidence) and 100 (maximum confi-
dence). Using sampling weights, an average VCS is calculated for various
subpopulations of interest (such as age group indexes, regional indexes,
national index), resulting in Vaccine Confidence Indexes.

2.5. Access index

Since 2019, we have examined vaccine access barriers. By 2022, the
questionnaire was redesigned following WHO’s Strategic Advisory
Group of Experts (SAGE) recommendations [4], focusing on vaccine
uptake challenges, particularly access barriers. This new version of the
questionnaire resulted in asking questions to the group of caretakers and
to the rest of the population (a topic we have mentioned extensively in
section 2.1).

The access index is since 2022 influenced in WHO’s dimensions for
analyzing behavioral and social drivers of vaccine uptake. These di-
mensions include information availability, associated costs, ease of
accessing vaccination services, material conditions for reaching vacci-
nation centers, experiences of rejection at previous visits, inconvenient
opening hours of vaccination centers, waiting times, and success in
obtaining vaccination during the last visit [4]. Because of this refor-
mulation in 2022, levels of the barriers to access index calculated using
earlier questionnaires are not comparable over time. Therefore, we
present data and tabulations pertaining only to 2022. Nonetheless, the
vaccine confidence index still allows for temporal comparisons starting
from 2019.

In developing the access index for 2022, each individual’s score was
determined in a manner similar to that used for the vaccine confidence
index. Given that responses are on an ordinal scale, the index calculation
followed a variant of the principal component model. This involved
computing variance-covariance matrices using an ordinal regression
model. All variables (such as ease of access to the vaccination post,
waiting time, convenience of operation hours) show positive correla-
tions in the principal component model (i.e., as one component in-
creases, access improves). Components were constructed using weights
typical of the principal component method, and variables were scaled so
that each individual’s score ranged between O and 100. The main
components identified were “ease of access,” “cost of reaching the
vaccination center,” “previous rejection by the vaccination center,” and
“waiting time.” This analysis clearly highlights the challenges within the
vaccination system.

3. Results
3.1. Confidence index

Fig. 1 shows the evolution of the confidence index between 2019 and
2022. Despite minor year-to-year variations after 2020, the main feature
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Fig. 1. Confidence Index evolution.

is a drop in confidence between 2019 (95 % CI: 93.1-93.8) and 2020 (95
% CI: 86.7-87.7), with no sign of recovery in confidence levels thereafter
(in 2022, the 95 % CI of the index was 85.2-86.6). The components of
the index (vaccines are safe, important for children, and effective), all
show a similar pattern, indicating a clear “structural break” observed in
2020, which will be debated considering the literature in the Discussion
section. Despite this downward trend, an overwhelming majority (about
90 %) agree that vaccines are effective, important for children, and safe.

By studying trends by age groups, the main finding is a consistent
trend towards less confidence in the 15-19-year-old group, which is
worrisome as this group will soon become the generation of caregivers of
children in need of timely vaccination.

Overall, confidence level appears to be similar across different levels
of achievement in terms of education, although it is slightly lower
among those who have not completed primary education (a milestone
reached at age 12-13).

3.2. Access index

Because the access index was reformulated according to WHO in
2022, we do not have comparable access indexes before 2022. In 2022,
the index was 66.9 units (for caretakers), but disaggregating among

regions (Fig. 2) indicates that the Greater Buenos Aires (GBA) region, a
densely populated area with pockets of poor households, and the
Northeastern region, or NEA (a poor section of the country), are lagging
in terms of access. The City of Buenos Aires has a high GDP per capita,
but its Southern part of the city is poorer, and so access may also be a
problem in this subdivision of the city and unequal access to infra-
structure in geographic terms.

In terms of education as a correlate of socioeconomic status, we
observe (Fig. 3) that the access index is higher for those caregivers who
achieved a higher level of education, with a steep gradient. Although
this is conjectural, different factors such as living in places where access
to vaccination facilities is easier, because private health insurance may
be better in helping to adequately check progress in the vaccination
schedule, or simply because of other factors associated with education,
we verify, as stated before, this increasing gradient between vaccine
uptake and education of the caregiver [8]. In terms of the age of the
caretakers (graph not shown), the Index is lower (more barriers to ac-
cess) for those ages 15-20 and 65 and over. Finally, women tend to
achieve a better provision of access for children they take care of. This
could be related to better information about sites of vaccination.

Cuyo 73,1
Centro 7(,2
Patagonia 72,3
; |
Average:
66.9

NEA: Northeast, NOA: Northwest, Cuyo: Central-west region, GBA: Greater Buenos Aires,
CABA: City of Buenos Aires, Centro: Central region. Patagonia: Southern region.

Fig. 2. Access index by region.
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Fig. 3. Access index by Education Level.

4. Discussion

The data suggest that, while confidence in vaccines is not a major
issue in Argentina, it is imperative to continue monitoring it, particu-
larly because confidence levels have remained consistently lower than
those observed before the pandemic in 2019. This suggests, though does
not conclusively prove, that the events of 2020 are responsible for this
enduring decrease in confidence. Regrettably, the 2020 questionnaire
did not include tools to investigate the reasons behind this drop in
confidence. Future surveys, possibly in 2023 or later, might explore this,
albeit with diminished relevance due to the elapsed time. Some of these
results can be interpreted in light of the work of Siani and Tranter [9].

Our concern is heightened regarding the youngest cohort (ages
15-20 years old), which displays consistently declining confidence
levels. Whether this will develop into a more significant issue remains to
be seen in upcoming surveys. It will also be intriguing to observe if this
downward trend in confidence spreads to other age groups.

The study pays special attention to vaccine uptake in Argentina in
terms of access barriers and regional and educational inequalities. Those
with lower educational levels exhibit reduced access to vaccines. Given
that children of parents with lower educational attainment are at a
higher risk of poverty and poor sanitary conditions, ensuring their
timely vaccination is crucial.

The poor results regarding access present an opportunity for action in
refining Argentina’s vaccination system, particularly in addressing the
elements comprising the vaccination access index. Despite high levels of
confidence, the noticeable decline in confidence levels in 2020, which
did not revert to the 2019 level in subsequent years, is noteworthy. As
the survey data were collected in the last months of each year, the 2020
data coincided with the announcement of SARS-CoV-2 vaccine candi-
dates and the upcoming vaccination schedule for this virus. It is per-
plexing that this positive development correlated with a decline in
vaccine confidence. Argentinians eagerly awaited their vaccinations,
and the country observed a high uptake in the initial series of SARS-CoV-
2 vaccines [9], making it challenging to reconcile this enthusiasm with
the observed decrease in confidence. With the current data, this reduc-
tion in confidence remains an enigma. Although SARS-CoV-2 vaccine
effectiveness did not maintain its initially promised levels against mild

disease, including breakthrough infections, which could have adversely
influenced public trust, this became evident only in mid-2021 and not in
late 2020, when we observed the initial pandemic-era drop in confi-
dence [10]. Also, since we lack observations before 2019, we cannot
determine whether a pre-existing trend might suggest that the loss in
confidence was a longer-term, pre-pandemic phenomenon. Neverthe-
less, given that the confidence level was high in 2019, close to the
maximum possible score, a decreasing pre-existing trend seems
implausible. Therefore, our data indicate a significant drop in confi-
dence associated with, though not necessarily caused by, the COVID-19
pandemic. Recent literature [11] points toward a link between scientific
literacy and perceived understanding of COVID-19 and its association
toward COVID-19 vaccinations. However, when we observe the evolu-
tion of our Confidence index, we do not observe major differences be-
tween educational levels and the drop in confidence comparing 2022 vs.
2019. Yet, this assumes education is a proxy for scientific literacy.
However, since structural break in 2020 occurs across all age
brackets, it is important to ask potential determinants of the drop in
confidence. A recent article in the context of COVID-19 found that
vaccine hesitancy is mitigated by trust in health institutions, and it is
amplified by a conspiracy mentality [12]. In Argentina, there was an
initial trust in health institutions but the slow rollout of vaccines in 2021
eroded the confidence in health institutions and may have kept confi-
dence consistency below 2019 levels. In fact, the take up of annual
boosters was relatively low after the two initial doses.Perhaps one
question that remains to be explored in this context is: what measures
can be taken to enhance confidence through public education during a
pandemic? A small educational intervention in a specific group could be
studied to prepare a broader intervention to foster vaccine confidence in
the event of a new pandemic. Smyth (2023) and coauthors report a
science communication set of materials that took the form of available
on a YouTube channel. The study group was made of 2-year and 4-year
colleges, showing that exposure to the materials enhanced trust in
vaccination and the process of vaccine development [13]. This succinct
model of science communication in the middle of a pandemic perhaps
offers a model to directly impact on trust that could be delivered to
targeted sections of the population to impact trust in a new vaccine for
which methods of development were fast-tracked to deliver effective
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and safe immunity to the population in record times.

Coming back to discussing the results from our annual survey and
focusing on access issues, we should mention that in 2022, results show
an educational gradient potentially related to socioeconomic conditions.
If this is the case, poorer individuals may face greater challenges in
accessing vaccinations. This is particularly concerning as, due to the
COVID-19 pandemic and extensive lockdowns in Argentina during most
of 2020, many adults and especially children are still behind on their
vaccination schedules. This suggests that the most deprived individuals,
who particularly face difficulties in accessing vaccination services, may
have poorer vaccine-derived immunity, putting them at higher risk of
increased morbidity and mortality. Coverage levels below herd immu-
nity thresholds could also lead to the re-emergence of vaccine-
preventable diseases [8].

Although additional data (via a more extensive questionnaire or
parallel qualitative research) could provide more insights, we believe
our study makes a significant contribution to understanding the drivers
of timely vaccination and identifying population segments that are
either less inclined to vaccinate or face greater access difficulties. This
information is vital for designing a more effective vaccination system in
the country, focusing on strategic location of centers, convenient oper-
ating hours, and addressing issues related to the cost of travel to
vaccination centers, among other factors.

5. Conclusion

Vaccines are instrumental in saving millions of lives annually.
Despite their importance, some individuals exhibit reluctance or hesi-
tancy towards vaccination. Following the literature [7], we developed a
Vaccine Confidence Index, which indicates a relatively higher confi-
dence level than most other countries surveyed. However, as a potential
issue in developing countries, Argentina faces challenges regarding ac-
cess to vaccinations, as evidenced by our study following a SAGE/WHO
document to evaluate various aspects of vaccine uptake [2].

According to our data, confidence in vaccines does not appear to be a
significant issue for most age groups in Argentina, but continuous
monitoring is crucial to mitigate potential variations over the years.
However, the confidence in vaccines among the youngest demographic
(ages 15 to 20) has shown a continuous decreasing trend since 2019,
which has been debated extensively in the Discussion section. Vaccine
uptake, particularly access to vaccines, is problematic in Argentina, and
is more associated with access barriers and disparities among regions
and educational levels. According to our findings, this phenomenon is
exacerbated in families where the caregiver has a lower level of edu-
cation. The convergence of low vaccination uptake among families on
the brink of poverty and often in unsanitary conditions is a crucial aspect
that necessitates reform in the country’s vaccination systems: a targeted
policy improving accessibility to vaccines among the poor is needed.
This could be achieved through a strategic deployment of vaccination
posts and scheduling convenient hours of service provision..
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