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Abstract

Vaccine hesitancy remains a significant and evolving public health challenge. The COVID-

19 pandemic has created a unique decision context with significant uncertainty caused by

the novelty of the disease being targeted, unfamiliarity with the vaccines being offered, mis-

information, and strong handed government measures. In an effort to extend our under-

standing of vaccine hesitancy to the high uncertainty decision environment presented by

COVID-19, we present a novel taxonomy of the determinants of vaccine hesitancy, based

on an inductive analysis of qualitative data gathered during the COVID-19 pandemic. We

report on focus group data from a purposive sample of 18 Canadians with varying sociode-

mographic characteristics and COVID-19 vaccination attitudes. An inductive thematic analy-

sis of this data reveals eight core themes related to vaccine hesitancy: values, trust, social

environment, personal anecdotes, environmental fluctuation, prior knowledge, perceived

risk & systems of care. We explore these core themes as well as 25 sub-themes, contrasting

them with previous models of vaccine hesitancy and suggesting potential strategies for pub-

lic health professionals.

Introduction

It is estimated that 14.4 million COVID-19-related deaths were prevented globally by vaccines

between December 2020 and December 2021 alone [1]. However, despite being one of the

most powerful and safe public health tools we have access to, vaccines are still not universally

accepted. In fact, a study of over 140,000 people in more than 140 countries found that 79% of
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people believe vaccines are safe and 84% think they are effective [2]. These attitudes are

reflected in real world behaviors—namely, vaccine hesitancy, i.e. “a delay in acceptance or

refusal of vaccination despite availability of vaccination services” [3]. Despite a wealth of evi-

dence showing the safety and efficacy of vaccines, only 75% of the global population [4] are

willing to accept being vaccinated. In the context of COVID-19 vaccines, acceptance rates vary

significantly around the world—for example, 97% in Ecuador, 54.9% in Russia and 23.6% in

Kuwait [5]. In Canada, vaccine acceptance rates in the midst of the pandemic were at 75% [6].

While we can say that vaccines have high efficacy, as measured by their success in those who

take them, the varied uptake has meant that their effectiveness, as measured by actual real

world outcomes and therefore composed of efficacy in combination with uptake, is limited [7].

Why are people vaccine hesitant?

Vaccine hesitancy is heterogenous and context-dependent in a variety of ways. Firstly, it is

important to note that while the current literature on vaccine hesitancy is focused on individu-

als making decisions about their own vaccination behaviors, pre-COVID vaccine hesitancy

research largely focused on pediatric decisions, i.e. parents making decisions about their chil-

dren [8]. While these two constructs clearly differ, research has shown that there is a significant

relationship between vaccine hesitancy in the two contexts. For example, Soares and colleagues

showed an association between refusal to take the flu vaccine and intention to refuse the

COVID-19 vaccine [9, 10]. Secondly, it is worth noting that the exact beliefs and attitudes that

underlie vaccine hesitancy shift between different diseases and even between different vaccines

targeting the same disease. For example, Brewer and colleagues [11] found that parents have

different levels of hesitancy and reasons for being hesitant depending on the type of vaccine

concerned (in their work, MMR versus HPV). Furthermore, work by Merkley & Loewen [12]

involving 6200 participants showed even within vaccines for a single disease (COVID-19), the

same vaccine elicited differential levels and sources of hesitancy. Thirdly, even in cases where

research is focused on a single vaccine targeting a single disease, vaccine hesitancy may not

mean the same thing from one participant to another. For example, Noni MacDonald [3] has

proposed that vaccine hesitancy can better be understood along a continuum that contains

various attitudes such as “refuse all with conviction”, “refuse all, but unsure”, “accept some,

refuse some, delay vaccination”, “accept with doubts & concerns” and “accept all with confi-

dence”. Finally, even when people are vaccine acceptant, it may be for different reasons, unre-

lated to the vaccine itself (e.g., confidence in vaccine efficacy). Alfano and colleagues [13]

showed that positive attitudes toward vaccines can be for individualistic or altruistic reasons.

Given how complex vaccine hesitancy is, a large amount of past research has focused on

understanding its antecedents, including individual differences in vaccine hesitancy such as

demographic correlates. For example, in the context of COVID-19, being a woman, being 50

years or younger, being single, being unemployed, and living in a household with five or more

people, were factors associated with increased vaccine hesitancy [14]. While findings like these

allow us to understand which groups might present the biggest challenge for vaccination in a

public health context, they do not necessarily provide an effective strategy for targeting those

groups because they shed little light on the motivating factors underlying vaccine attitude for-

mation. For this reason (among others), recent research has started to tackle the psychological

correlates of vaccine hesitancy [11, 15, 16]. For example, Betsch and colleagues [15] showed,

from a group of 1000 German participants, that confidence, complacency, constraints, calcula-

tion, and collective responsibility are key psychological antecedents of vaccination. Hornsey

and colleagues [16] used a sample of over 5000 people to show strong associations between
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vaccine hesitancy and conspiratorial thinking, reactance, disgust towards blood and needles,

and individualistic world views.

Although empirical research is invaluable in allowing us to gain a better understanding of

factors related to vaccine hesitancy, previous literature on behavior change [17, 18] has shown

that understanding a decision environment in a holistic and mechanistic manner is beneficial

to engendering behavior change. In recognition of this, a number of models have been pro-

posed to explain causal factors related to vaccine hesitancy—some specific to vaccine hesitancy

and some broadly related to uptake of health behaviors, but all applicable to vaccine uptake.

These models, which we review below, have an advantage over questionnaire-style empirical

reports of factors related to vaccine hesitancy in that they base themselves on large bodies of

empirical findings and thus purport to map the terrain in order to create more evidence-based

directions for future hypotheses and interventions. In an effort to better understand this ter-

rain, we review existing models related to vaccine hesitancy and then use these models to cre-

ate a search space for a thematic analysis of qualitative data from pandemic-era focus groups.

Frameworks focused on health behaviors

Health Belief Model. The Health Belief Model (HBM) was developed in the 1950s by the

US Public Health Service and remains one of the most widely used frameworks for assessing

and predicting the uptake of health related behaviors [19]. The HBM suggests that behaviors

such as getting a vaccine are linked to a person’s perception of factors such as the severity of

the disease, their susceptibility to it, the benefits of taking preventive action, and the barriers to

taking that action. Changes have been made to the HBM over the years to reflect advances in

behavioral science, such as the inclusion of self efficacy [20].

Theory of Planned Behavior. The Theory of Planned Behavior (TPB) was developed in

the 1990s by Icek Ajzen [21] and suggests that intentions to perform a behavior, and conse-

quently, the uptake of a behavior, can be accurately predicted from a person’s attitudes toward

the behavior, subjective norms around the behavior and perceived behavioral control over the

behavior. The TPB differs from the HBM in that it adds a significant social layer to the causal

factors behind a behavior and has therefore been an instrumental addition in healthcare con-

texts, explaining myriad behaviors [22]. In the context of vaccine uptake in particular, evidence

suggests that while there is significant overlap between the TPB and HBM, the TPB tends to

consistently outperform when used to predict real-world behaviors [23].

Taxonomies of uncertainty

Another set of frameworks used to explain health related behaviors comes from the study of

uncertainty. The link between uncertainty (i.e., the subjective feeling of ignorance about some-

thing) and vaccine hesitancy has been well documented. In fact, past studies have shown that

uncertainty is one of the most critical factors associated with vaccine hesitancy [24, 25]. In a

study that looked at COVID-19 vaccination efforts, Courbage and Peter [26] found that reduc-

ing uncertainty about the vaccine reliably promotes vaccination.

Vaccine decisions must often take place in an inherently uncertain environment with shift-

ing and often conflicting recommendations. This has been all the more true during the

COVID-19 pandemic, where the time horizon of recommendation changes was sometimes

weeks or days [27]. Past research suggests that this type of scientific uncertainty creates distrust

in scientists and public health recommendations [28], which in turn has been shown to result

in low confidence in vaccines [29] and lower vaccine uptake [30]. Indeed, perceptions of

uncertainty affect trust toward all disease-related information [31], particularly in individuals

with lower tolerance for ambiguity and risk. Uncertainty has also been shown to make people
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more pessimistic about disease treatment [32] and perhaps most importantly, lower intentions

to engage in health-promoting behaviors [33]. A number of efforts have been made to taxono-

mize the types of uncertainty relevant to healthcare decisions in an effort to better understand

and support patient experience with the overall goal of improving decision making and clinical

outcomes.

Varieties of uncertainty in healthcare. Han and colleagues [34] proposed a taxonomy

(Table 1) that separates uncertainty according to source and issue. Within sources of uncer-

tainty lie ambiguity, complexity, and probability. Furthermore, within issues of uncertainty lie

scientific, practical, and personal issues, each of which have been broken down into two or

more categories.

Model of Uncertainty within Complex Healthcare Settings. In response to the above

proposed taxonomy, Pomare and colleagues [35] posited that uncertainties do not occur in

isolation, as they argued the above taxonomy implies. The research team examined the empiri-

cal healthcare literature to see whether or not Han and colleagues’ taxonomy is applicable to

the wide range of sources of uncertainty experienced by healthcare providers in the healthcare

space. After examining the 94 articles that passed their criteria, their research revealed that

Han and colleagues’ taxonomy [34] would have benefitted from two new sources of uncer-

tainty: systems uncertainty and ethical uncertainty. Furthermore, Pomare and colleagues’ new

model highlights the overlapping nature of uncertainty which they argue is a necessity and

more realistic than disparate and unrelated sources of uncertainty. The taxonomy they suggest

(Table 2), Model of Uncertainty within Complex Healthcare Settings (MUCH-S) splits health-

care uncertainty into three main (and overlapping) categories:

Vaccine-specific frameworks. In an effort to refine the focus of causal factors to specifi-

cally target vaccine uptake, a number of frameworks have been proposed that are vaccine

specific.

3C model. The SAGE working group was established by the World Health Organization

in 2012 to propose a behavioral model that categorizes factors that influence vaccine uptake

[3]. The 3C Model was one of the outputs of this working group. This model suggests that vac-

cination decisions depend on three core factors: complacency, which exists when someone

does not feel that the risks of the disease warrant taking action; convenience, which relates to

the availability, accessibility and quality of service related to vaccination; confidence, which

refers to the safety and effectiveness of the vaccines, the reliability and competence of health

services, and the motives of the institutions behind them.

Table 1. Han et al.’s (2011) suggested taxonomy of uncertainty.

Sources of Uncertainty Issues of Uncertainty

Ambiguity Scientific

Complexity Practical

Probability Personal

https://doi.org/10.1371/journal.pone.0295912.t001

Table 2. Pomare et al.’s (2018) suggested taxonomy of uncertainty.

Personal Uncertainty Scientific Uncertainty Practical Uncertainty

Psycho-social Diagnosis Structure of care

Existential Prognosis Processes of care

Ethical Causal explanations Systems

Treatment options

https://doi.org/10.1371/journal.pone.0295912.t002
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5A model. A broader taxonomy for determinants of vaccine uptake was proposed in 2016

by Thomson and colleagues [36], based on a review of 43 studies related to vaccine hesitancy.

According to this model, vaccine uptake is influenced by: access, the extent to which a person

can reach the vaccine; affordability, the ability of an individual to afford (in both financial and

non-financial terms) the vaccine; awareness, the extent to which an individual understands the

need for the vaccine; acceptance, the extent to which individuals accept the vaccine; and activa-
tion, the extent to which individuals receive a contextual cue urging them to get vaccinated

[36].

5C Model. Betsch and colleagues [15] revisited the 3C model using an empirical approach

focused on a German population. Their intention was to create a novel taxonomy that focuses

on more psychological antecedents of vaccine uptake. Their resulting 5C taxonomy replaced

complacency from the 3C model with constraints and suggested the addition of two factors:

calculation, which refers to engagement in extensive information searching about vaccines;

and collective responsibility, which refers to willingness to protect others by getting vaccinated.

The dominant models reviewed above add a more holistic and mechanistic explanatory

level to the vaccine hesitancy landscape. They supplement empirical research by proposing

mutually exclusive and collectively exhaustive categories of factors in a way that can better

drive future hypothesis-generation and intervention design. As such, these models have been

instrumental in providing insight into why people might not be engaging in vaccination. How-

ever, despite their effectiveness in a general vaccine hesitancy context, they have all been devel-

oped in contexts that have less inherent uncertainty than the COVID-19 pandemic. Notably,

the pandemic introduced a combination of factors that made vaccination decisions more diffi-

cult: the novelty of the disease being targeted, the burden of government interventions being

imposed, a significant amount of politicization and misinformation about vaccines, unfamil-

iarity with the vaccines being offered, and the rapid rate of spread and evolution of the disease.

We use the phrase “high uncertainty vaccination decisions” to refer to decisions where these

factors are present.

While efforts have been made to verify the extent to which the HBM, TPB, 3C, 5A and 5C

models apply in high uncertainty vaccination decisions–resulting in a suggestion that the

HBM and 3C are most applicable–the conclusion has been that a new model which possibly

combines features of past models might be most apt [37]. Indeed, as we have seen above, past

research suggests that vaccine hesitancy can differ significantly between diseases [11] and even

more so between COVID-19 and non COVID-19 contexts [10].

These important differences suggest that a model of vaccine hesitancy that specifically

relates to high uncertainty vaccination decisions may be an important public health tool. In

order to construct this model, we draw on empirical evidence gathered during the COVID-19

pandemic. In particular, we had the following research objectives:

1. To identify the multitude of determining factors related to COVID-19 vaccine acceptance

based on structured qualitative analysis of focus group data generated during the COVID-

19 pandemic.

2. To develop a theoretical model of the determinants of vaccine hesitancy in the context of

high uncertainty vaccination decisions based on the factors identified.

Methods

In order to meet these objectives, we collected data from focus groups with 18 adults, used an

inductive thematic analysis to identify factors related to vaccine hesitancy, and then used

insights from the models reviewed above to further refine and contextualize the emerging
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themes. This approach allowed us to propose a novel model of vaccine hesitancy adapted to a

COVID-19 context. All methods and protocols were carried out in accordance with relevant

guidelines and regulations and were approved by McGill University’s Institutional Review

Board (Ethics Approval ID: 22-10-064). In addition, informed consent was obtained from all

subjects prior to data collection.

Data collection methods

Research was carried out in collaboration with Environics Research (https://environics.ca/), a

Canadian polling and research firm, for the purpose of data collection. Participants were

recruited using a purposive sampling strategy between June 23rd, 2021 and August 4th, 2021

based on their self-identified vaccination status and attitudes in a national survey of COVID-

19 experiences. Survey data, which we do not report on in this study, was collected from 1541

Canadians in April and May, 2021, during which time participants were asked if they were

interested in participating in follow-up focus groups. Among the 758 individuals who agreed

(49%), we selected 538 profiles specifically fitting a sampling strategy selected to include a bal-

anced urban/rural split, a wide range of ages, ethnicities, geographical locations and income

ranges. We contacted them by e-mail and 18 individuals agreed to participate in the focus

groups. Data was collected in focus groups that were carried out virtually between September

7th and September 9th, 2021. Given that COVID-19 vaccines became available in Canada in

December 2020, and were widely available by Summer 2021, focus groups were carried out at

a time where vaccination decisions were top-of-mind for participants. A total of four focus

group sessions were conducted, each lasting between 60 and 67 minutes with a mean length of

64.

The four focus groups consisted of participants with different vaccination statuses.

Group 1 participants were unvaccinated individuals who indicated that they would either

not get vaccinated at all or would wait a while before deciding. Group 2 consisted of vacci-

nated individuals who were initially hesitant about receiving a COVID-19 vaccine but ulti-

mately chose to get vaccinated. Groups 3 and 4 consisted of young adults with mixed

vaccination statuses.

The four groups included 18 adults, consisting of 13 women and 5 men. Table 3 illustrates

the primary sociodemographic characteristics of the participants, including their vaccination

status at the time of the focus groups. The age of the participants ranged from 26 to 68, with an

average age of 44. All participants were born in Canada and identified themselves as either

white (67%) or Indigenous (33%). They were from six provinces across eastern, central, and

western Canada, with the majority residing in Ontario. The participants were geographically

dispersed, with some living in rural areas and some in urban areas. Ten of the female partici-

pants were mothers, while none of the male participants had children. Half of the participants

were low-income, and most had at least a high school degree. To maintain confidentiality,

pseudonyms were assigned to the participants. Focus groups were moderated by two research-

ers at Environics Research: a male researcher, who has nearly 15 years experience in the health-

care industry and market research and a female researcher with over six years experience

conducting qualitative research, including in virtual platforms. Two researchers from the uni-

versity investigator team were also present during focus group sessions but did not moderate.

Participants were asked to sign a consent form which clearly indicated the purpose of the

study and were told the identities of the interviewers. The focus groups were conducted using

the guide available in the S3 Appendix, which was designed by the authors, and a recording

was made, which was later transcribed. No repeat interviews were carried out and transcripts

were not returned to participants for correction.
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Data coding & analysis

Focus group recordings were transcribed verbatim. MAXQDA Analytics, a qualitative analysis

software, was used to aid in the analysis of focus group transcripts. The software was in a man-

ual capacity—i.e. no automated features were used to generate codes or thematic categories.

Using MAXQDA enabled us to manually organize the transcript into the codes using the pro-

cess detailed below and provided visualizations of critical elements using various built-in tools.

The study utilized an inductive approach to conduct a thematic analysis (Braun & Clarke,

2006), a process where researchers actively engage in the knowledge production process and

consider their subjectivity as a valuable resource during the coding and theme development

phases. This approach allowed for a systematic way of processing qualitative information using

coded text and enabled us to provide a detailed and nuanced analysis of participants’ attitudes

and behaviors toward COVID-19 vaccines. The steps we took, proposed by Braun and Clarke

[38], are data familiarization, code formulation, generation of themes, themes review, defining

and naming themes, and report formation. A single coder, XL, was used throughout the pro-

cess to ensure consistency in the coding, with other members of the research team providing

guidance on the coding tree. The coder has a professional and academic background in public

health and qualitative research, specifically focused on vaccine hesitancy. Participants were not

asked to provide feedback on the findings.

1. Data cleaning & familiarization: We transcribed the data based on audio recordings, and

imported the transcripts into MAXQDA, then completed the necessary pre-processing

steps: removing identifying information & formatting the data for analysis. We read and re-

read the transcripts end-to-end in order to familiarize ourselves with the contents and gen-

erate initial ideas for a search space.

Table 3. Sociodemographic characteristics and vaccination status of focus group participants.

Age Sex Race/Ethnicity Province Education Low Income Status Received COVID-19 Vaccine?

Group 1

Brooke 36 F Indigenous BC Some college Yes No

Eleanor 43 F White NB HS degree Yes No

Heather 68 F White ON Less than HS No No

William 44 M White MB HS degree Yes No

Melanie 52 F Indigenous AB Some college Yes No

Billy 64 M Indigenous ON Some college Yes Yes

Group 2

Julie 58 F White SK HS degree No Yes

Patrick 53 M White ON Some college Yes Yes

Brianna 63 F White ON HS degree Yes Yes

Joy 49 F Indigenous ON HS degree No Yes

Esther 60 F White ON Less than HS No Yes

Clara 26 F White ON Some college Yes Yes

Groups 3 & 4

Lorry 30 F White ON Bachelor’s degree No Yes

Ethan 26 M White QC Some college No No

Molly 26 F White ON Bachelor’s degree No No

Janet 26 F Indigenous ON HS degree Yes No

Charles 31 M White AB Bachelor’s degree Yes No

Elise 28 F Indigenous AB Bachelor’s degree Yes Yes

https://doi.org/10.1371/journal.pone.0295912.t003
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2. Code formulation: Using the generated ideas as well as past models used in vaccine hesi-

tancy as a starting point for the search space, a coder read through all of the transcripts,

coding representing sections related to vaccine hesitancy in a systematic fashion across the

entire dataset–both sections related to the search space and novel themes were identified,

with novel themes focused on expressions of hesitancy around vaccination decisions.

Memos were written down to keep track of the condensed information. A codebook was

developed based on this process, and then applied to the data using MAXQDA’s coding

function. The data were then segmented into coded units based on the codes applied.

3. Generation of themes: The coder reviewed the coded data and refined the codes as neces-

sary. New codes were added, and existing codes were merged or split based on the patterns

that emerged from the data. The cycle was repeated several times to narrow down the num-

ber of codes and categorize them into identifiable themes. The codes were then analyzed

and grouped into three central themes as stated in the results section.

4. Themes review: The complete interview data were re-read to validate that the themes were

gathered in an accurate and representative way. MAXQDA was used to identify patterns

within the data, and these were used to draw conclusions.

5. Defining and naming themes: The reviewed themes were then conceptualized and

assigned clear definitions in the S1 Appendix, and memos were finalized within MAXQDA

to ensure data transparency and reproducibility.

6. Report formation: several vital statements and features representing the data were

extracted to showcase the resulting outcomes both as statements in the form of ideas and

feelings and visual representations using interconnections between codes as seen in the

S2 Appendix.

In order to ensure rigor in our qualitative research process and validation of our findings,

we used an iterative thematic analysis process based on established analytical tools [38]. Fur-

thermore, we recruited a diverse sample of individuals and maintained records of our pro-

cesses, creating a MAXQDA codebook. Finally, we engaged in self-reflection throughout the

process to better understand personal biases and report on potential sources of these biases in

the limitations section.

Results

Our thematic analysis revealed 8 core themes and 25 sub-themes, all of which could be attrib-

uted to one of the three broad categories: scientific, personal, and practical. Our coder deter-

mined that these broad categories, which also appear in Pomare and colleagues’ [35]

taxonomy of uncertainty, best captured the broad categories of vaccine hesitancy in the data.

Table 4 below provides more information about the themes that were generated during the

coding process.

The S2 Appendix provides a full list of these themes, along with the supporting data extracts

from the focus group transcripts. In the following sections, we provide more detailed discus-

sion of these themes, focusing on illustrative examples that support each sub-category.

Personal

Value. In our study, values were a major source of vaccine hesitancy, with participants

expressing strong feelings around the right to choose and a clash between their personal value

system and public health agencies’ approach to vaccination. Nine participants voiced similar

concerns. For example, one participant noted that people "should be taken on [their] free will
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[to make vaccination decisions]," and that "it’s everyone’s choice what they feel is best for

them." Another participant, who had already been vaccinated, stated that "it’s everybody’s

decision, whether they want to get [vaccinated] or not. . .[I wish] everybody would. It might

bring cases down more, less death, less sick people. But it’s up to everybody." Another partici-

pant called for accepting people for who they are and their decision to vaccinate or not. "It’s

your decision. . .we should accept people for who they are [and] embrace that." As a third par-

ticipant put it:

But. . . how they were restricting. . . access to certain things, and. . . if we don’t have the

vaccine. . . which I really didn’t like. . . for me that. . . makes me. . . less likely to get the vac-

cine, because. . . it’s not really acceptable to me.—Ethan, 26-year-old, unvaccinated

Words like “condescending”, “passive-aggressive”, and “pushy and exclusive” were fre-

quently used by participants when discussing messages about COVID-19 vaccines, which

evoked feelings of “othering” and stigmatization. A participant felt as if she was being alienated

from society for not getting vaccinated. "When you press people, it’s going to make them push

back 10 times as hard," she stated.

Trust. Throughout the focus group discussions, participants expressed varied views on

the trustworthiness of medical professionals, health providers, the pharmaceutical industry,

and government officials in the development, approval, and distribution of COVID-19 vac-

cines. Participants, who were vaccinated or intended to get vaccines in the future, cited

Table 4. Vaccine hesitancy themes identified in the data.

Category Themes Sub-Themes Frequency % of individuals

Personal Values Political Compass 5 22.2%

Autonomy 29 33.3%

Trust Trust in the medical profession 26 38.9%

Trust in the medical caretaker 9 44.4%

Trust in Government 43 72.2%

Trust in Pharmaceutical Companies 4 5.6%

Trust in Media 18 55.6%

Social Environment Pressure from Close Community 18 55.6%

Pressure for Broad Community 3 16.7%

Pressure from Society 15 44.4%

Personal Anecdotes Personal Experience 3 11.1%

Experience of those close by with vaccines 12 27.8%

Hearsay 16 44.4%

Scientific Perceived

Risk

Short-term side effects 31 88.9%

Long-term side effects 11 44.4%

Risk of serious symptoms or death due to COVID-19 13 38.9%

Prior

Knowledge

Effectiveness of Vaccine 18 72.2%

Understanding of Vaccine Function 4 22.2%

Belief that natural immunity is better 3 11.1%

Information Overload 15 44.4%

Environmental Fluctuation Possible evolution of the Vaccine 13 44.4%

Flawed measurement of the Vaccine 22 50.0%

Possible evolution of the Disease 4 22.2%

Flawed measurement of the Disease 4 16.7%

Practical Systems of Care Being out of commission 7 27%

https://doi.org/10.1371/journal.pone.0295912.t004
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medical professionals like Dr. Anthony Fauci as trustworthy sources of COVID-related infor-

mation, who have a significant effect on individuals’ vaccination decisions. For example, one

participant, who was not vaccinated yet but planned to get one eventually, took Dr. Fauci’s

suggestions as “the gold standard” during his decision-making process.

However, not everyone shared the same confidence in medical professionals. Patrick found

conflicting views from medical professionals, prompting him to turn to what he considered to

be independent news companies that compared different sources of information to ensure the

reliability of the COVID-related information he received. Similarly, one participant felt that

legitimate sources of information were being censored to hide true risks behind the vaccine:

So those kinds of things just are raising major red flags for me, and I feel like from the doc-

tors that have spoken out, Dr. Byron Biddle, Dr. Christina Parks, Dr. Sunetra Gupta. . .

they’re. . . sharing valid things and they’re being censored [by the government], and that

should raise red flags for everybody.—Janet, 26-year-old, unvaccinated

Social environment. Social factors emerged among participants, in most cases linked to

the influence of others, including friends, family, or community members. It manifested in

various forms, such as social pressure to avoid vaccination or the impact of misinformation

and conspiracy theories shared by others.

As noted by past research, strong ties represented a significant source of vaccine hesitancy.

In some cases, this was in the direction of non-vaccination. In other cases, it was in the direc-

tion of vaccination. For example, one participant noted:

she refused to get vaccinated, but I said to her, look, I said, your father and I both work

where we are in contact with people 24/7, because I work at a fast food restaurant, my hus-

band works at a lumberyard, he’s a truck driver. And I said, we don’t know if we’re going to

end up coming in contact with someone that’s not vaccinated, that has it. So she finally got

vaccinated.—Esther, 60-year-old, vaccinated

While personal-level social pressure was generally effective, institutional pressure often

backfired. For example, COVID-19 vaccine campaigns that contained messaging such as

“don’t be selfish, vaccinate to save others” were not well received by unvaccinated participants.

Unvaccinated participants explained that the messaging made them feel shamed and separated

them socially and morally from the vaccinated population. As one 26-year-old unvaccinated

participant stated, the messaging implies that “you’re not a good person. . .you’re not protect-

ing your family, maybe you even want them dead [if you choose not to get vaccinated]. . .it’s

not ‘we’re in this together’ messaging.” Another unvaccinated participant, shared that “I find

the ads are not only pushing it but they’re making people who don’t choose it feel like they’re

outcasts and there are people who have had a lot of bad backwash from that I’ve heard of peo-

ple actually being bullied because they don’t get it.”

Personal anecdotes. Our analysis showed that participants’ hesitancy around COVID-19

vaccines was related to anecdotes derived from their personal experience as well as the experi-

ence of their strong ties. For example, as two participants noted:

My sister had terrible side effects, vomiting for two days just you know where she needed

somebody to come and take care of her and that was really worrisome.—Molly, 26-year-old,

unvaccinated
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I actually had a neighbor who had the Pfizer vaccine, and he had really bad side effects for a

day or two after, and you know it made me kind of pause.—Brooke, 36-year-old,

unvaccinated

Another participant was also hesitant about vaccination after her friend contracted

COVID-19 despite being vaccinated.

I was. . . iffy about it, because my one friend, he got. . . the needle. And then he still got

COVID. So like, I didn’t know, maybe he got COVID from. . . the shot.—Clara, 26-year-
old, vaccinated

Scientific

Environmental fluctuation. In our focus group discussions, participants expressed a per-

vasive sense of uncertainty about the progression of COVID-19 and COVID-19 vaccines.

Many of their concerns were driven by the unpredictable nature of the disease and its potential

evolution, which left some feeling uneasy, even if they had been vaccinated. Two participants,

for instance, shared concerns about new variants and the potential for more contagious strains

to emerge:

Now. . . we have this fourth variant, or this one new variant. . . it’s mutating, and that’s. . .re-

ally scary. . . and they’re saying that this new variant is more contagious but less harmful. . .

that doesn’t give me comfort.—Patrick, 53-year-old, vaccinated

I’m worried about how big COVID’s going to get with the new variants; I’m worried about

our society as a whole right now.—Elise, 28-year-old, vaccinated

Prior knowledge. The changing nature of the disease and its vaccines led to ambiguity

and confusion in COVID-related knowledge. One common confusion was around the effec-

tiveness of vaccines. Two participants expressed concerns regarding the vaccines’ ability to

prevent infection and the potential for increased side effects with each booster shot. One

shared her confusion around the effectiveness of vaccines:

I agree at least a couple years, because then at least they’d have had a chance to test it on a

variety of different people with different conditions.—Melanie, 52-year-old, unvaccinated

Perceived risk. One of the most commonly discussed sources of vaccine hesitancy in our

data was related to participants’ risk perceptions around vaccines. Second-hand stories of indi-

viduals experiencing severe side effects or even death after vaccination were prevalent. Two

participants both heard that “people were dying or people were having really bad side effects”.

Yes, I heard that people were dying getting the shot, after they got the shot that they were

dying. So I was quite scared to get it.—Joy, 49-year-old, vaccinated

“If one is saying that there’s a chance of getting a blood clot. Well, how can they say that the

other two are going to be okay” one participant concluded. Their shared fear was reinforced

by news that “AstraZeneca [has] already been taken off the market because of very serious side

effects.”
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Another participant also expressed concerns that vaccines could be harmful to people with

respiratory issues.

I’ve heard that it can be really bad for people that have respiratory issues. . . I have asthma, I

have very bad allergies, I’ve had breathing problems.—Eleanor, 43-year-old, unvaccinated

Practical

System of care. Participants expressed concerns around the effects of being unvaccinated

on access to public care systems. For example, one person shared a personal experience of

being unable to access home care after having a toe amputated because he was not vaccinated.

Back on Labor Day of last year, I actually ended up in the hospital for unrelated—I had to

have a toe amputated due to it being infected. . . after I got out of the hospital, I had a home

care worker coming into my home and they basically said, because you’re receiving home

care, they’re strong—they really wanted me [to get vaccinated]. . . otherwise I would lose

my home care worker once every few days to help me with some things and change the ban-

dages. So I knew that I had to have it because of, you know, the other problem I was dealing

with.—Patrick, 53-year-old, vaccinated

Other participants shared concerns about the broader costs of remaining unvaccinated on

aspects of their lives such as access to employment, accessibility of public services and travel.

For example, Lorry and Janet expressed concerns about people getting fired because of their

medical decisions. In addition, Lorry mentioned “the obstacles of not being able to travel. . .

not going to concerts and the giveaways seem small to [me]”, and “the only big obstacle that [I

see] would be [my] job.”

Discussion

Proposed taxonomy

Our analysis of past frameworks suggests that, while they are useful in a non-pandemic con-

text, a number of important gaps exist that limit their usefulness in a COVID-19 context and

potentially in the context of future vaccine-preventable pandemics where high uncertainty vac-

cination decisions occur. Given the demonstrated effectiveness of targeted messaging in

increasing vaccine uptake, overcoming these limitations is particularly important in order to

inform the design of effective public health messaging. In an effort to address the gaps in exist-

ing models, we propose a novel taxonomy of vaccine hesitancy that is grounded in our focus

group findings, is specific to COVID-19, and is potentially applicable to future vaccine-pre-

ventable pandemic contexts. This taxonomy is based on the themes that emerged from our

analysis of the focus group data. This means that it differs in approach from past taxonomies, a

large part of which were constructed from literature reviews of determinants of vaccine hesi-

tancy. Given that the studies included in these literature reviews did not necessarily aim to

uncover the entire landscape of vaccine hesitancy determinants but rather focused on specific

hypotheses, our taxonomy represents a more naturalistic approach that is unconstrained by

prior hypotheses. Our taxonomy—which we refer to as the High Uncertainty Vaccination

Decision (HUVD) taxonomy—is presented in Table 5.

Notably, we found that focus group participants had strong feelings about their right to

choose whether or not to be vaccinated. With these feelings, came a resistance to what is per-

ceived as external pressure and restrictions tied to vaccination. However, while institutional

pressures were expected to backfire, likely driven by low levels of trust, the influence of social

circles was more effective in promoting vaccination. With regard to the development of the

PLOS ONE A taxonomy of vaccine hesitancy in the context of COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0295912 December 21, 2023 12 / 19

https://doi.org/10.1371/journal.pone.0295912


vaccines, even non-hesitant individuals felt a large degree of uncertainty and confusion about

effectiveness and potential side effects, suggesting that the unique timeline in which the

COVID-19 vaccines were developed may have contributed to perceived risk.

Comparison to past taxonomies

Our proposed HUVD taxonomy focuses on determinants of vaccine hesitancy in a COVID-19

context. Therefore, it differs in a number of ways from other models we have summarized in

Table 6.

In an effort to better understand the differences and similarities between our proposed tax-

onomy and previous taxonomies, we created the following comparison, which aims to illus-

trate which categories in our taxonomy might be most relevant for each category of previous

taxonomies. One notable difference between our proposed taxonomy and existing taxonomies

is that previous taxonomies have a much greater focus on various aspects of what we call “sys-

tems of care”—i.e. on the actual mechanics of delivering the vaccine. While systems of care are

also critical in the context of COVID-19, participants in our focus groups were far more likely

to bring up factors relating to uncertainty, trust and institutional pressures. These factors,

which reflect the high uncertainty environment of the COVID-19 pandemic and vaccine

development lifecycle, are likely to also be more relevant in future contexts where vaccine-pre-

ventable diseases emerge and require fast action. In Table 7, we further illustrate the differ-

ences between our proposed taxonomy and past taxonomies.

Importantly, previous models focus on particular aspects of what our data showed to be rel-

evant in a COVID-19 vaccine hesitancy context, but none of them cover all of the categories

we identified. For example, the HBM focuses on individual perceptions and motivations but

does not tie them to the social environment. The TPB connects better to social environments

but does not capture (or too broadly captures) the scientific and environmental uncertainty

Table 5. The High Uncertainty Vaccination Decision (HUVD) taxonomy (full definitions of themes and sub-

themes provided in the S2 Appendix).

Personal Scientific Practical

Values Environment Fluctuation Systems of care

Trust Prior Knowledge

Social Environment Perceived Risk

Personal Anecdotes

https://doi.org/10.1371/journal.pone.0295912.t005

Table 6. The High Uncertainty Vaccination Decision (HUVD) taxonomy compared to previous models used in vaccine hesitancy.

HBM TPB Han et al. Pomare et al. 3C Model 5A Model 5C Model HUVD Taxonomy

Perceived Susceptibility Attitudes Ambiguity Psycho-social Complacency Access Convenience Values

Perceived Severity Subjective Norms Complexity Existential Convenience Affordability Confidence Trust

Health Motivation Perceived Control Probability Ethical Confidence Awareness Constraints Social Environment

Perceived Benefits Scientific Diagnosis Acceptance Calculation Personal Anecdotes

Perceived Barriers Practical Prognosis Activation Collective Responsibility Environment Fluctuation

Personal Causal Explanations Prior Knowledge

Treatment Options Perceived Risk

Structure of care Systems of Care

Processes of care
Systems

https://doi.org/10.1371/journal.pone.0295912.t006
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that are inherent in high uncertainty vaccination decisions. The uncertainty taxonomies from

Han and colleagues and Pomare and colleagues capture a wider breadth of categories but in a

way that is too far removed from a vaccine context. Finally, the 3C, 5A and 5C models are

Table 7. A mapping of categories in the HUVD taxonomy to those of previous models.

HBM Relevant Categories from our Taxonomy

Perceived Susceptibility Perceived Risk, Prior Knowledge

Perceived Severity Perceived Risk, Prior Knowledge

Health Motivation Values, Prior Knowledge

Perceived Benefits Prior Knowledge, Trust

Perceived Barriers Systems of Care

TPB

Attitudes Values, Trust

Subjective Norms Social Environment, Trust

Perceived Control Systems of Care, Trust

Han et al.

Ambiguity Environment Fluctuation, Perceived Risk

Complexity Environment Fluctuation, Prior Knowledge

Probability Perceived Risk

Scientific Prior Knowledge, Trust

Practical Systems of Care

Personal Personal Anecdotes, Trust

Pomare et al.

Psycho-social Social Environment, Trust, Values

Existential Values

Ethical Values, Trust

Diagnosis NA (Not Relevant to Vaccination)

Prognosis NA (Not Relevant to Vaccination)

Causal Explanations NA (Not Relevant to Vaccination)

Treatment Options NA (Not Relevant to Vaccination)

Structure of care Systems of Care

Processes of care Systems of Care

Systems Systems of Care

3C Model

Complacency Perceived Risk, Values

Convenience Systems of Care

Confidence Trust, Social Environment, Prior Knowledge

5A Model

Access Systems of Care

Affordability Systems of Care

Awareness Prior Knowledge, Social Environment

Acceptance Trust, Prior Knowledge, Social Environment

Activation Trust, Systems of Care

5C Model

Convenience Systems of Care

Confidence Trust, Social Environment, Prior Knowledge

Constraints Systems of Care

Calculation Prior Knowledge, Trust

Collective Responsibility Values

https://doi.org/10.1371/journal.pone.0295912.t007
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more narrowly focused but tend to be more granular around systems of care (which our data

suggests is not a significant driver) and less granular around confidence and acceptance, which

limits the usefulness of these categories.

Overall the differences between our HUVD taxonomy and past taxonomies are reflections

of the unique decision environment of the COVID-19 pandemic. A number of factors have

come together to create this environment, such as: the unprecedented speed of vaccine devel-

opment; novel vaccine technologies; global scale of the illness; large amounts of media atten-

tion; large amounts of misinformation and disinformation; political polarization;

unpredictable evolution of the disease and variants of concern; lockdowns and restrictions;

debate about natural immunity induced by infection. Given factors like these, it is unsurprising

that a taxonomy specifically adapted to a COVID-19 vaccination decision context differs sub-

stantially from previous ones. Furthermore, these factors, which are reflected in our data, con-

tribute to a decision environment where people who are normally vaccine acceptant might

refuse or, at the very least, delay a COVID-19 vaccine.

Implications of results

We believe our HUVD taxonomy provides a valuable etension of existing models to a

COVID-19 context, with possible relevance to future pandemic contexts with high uncertainty

vaccination decisions. Past research has shown that public health messaging that targets indi-

viduals in a personalized and stage-specific manner can improve a variety of health outcomes,

such as smoking cessation [39] and vaccine uptake [40, 41]. However, successful tailoring of

messages relies on having a clear understanding of the decision factors present in the target

audience. Our proposed taxonomy provides a similar tool to what has been created in the past,

but specific to COVID-19 vaccine hesitancy and potentially other contexts with high uncer-

tainty vaccination decisions. Such a tool can be used to bolster existing public health strategies

around COVID-19 but could also be informative for future research into factors related to vac-

cine hesitancy in a pandemic context where high uncertainty vaccination decisions take place.

Limitations

One major limitation of this work is that our taxonomy, while informed by qualitative data,

has not yet been empirically tested in an applied setting. In addition, one must keep in mind

that COVID-19 presented a unique context that may or may not generalize to other types of

high uncertainty vaccination decisions–whether in a future pandemic or in other contexts.

Nonetheless our taxonomy provides a useful starting point for developing public health mes-

saging hypotheses to be tested in the particular context where they are to be applied. Addition-

ally, while public health messaging designers can use our taxonomy to inform hypotheses they

have about the types of messaging that may be most effective, they should not assume that a

particular source of hesitancy is relevant without further empirical evidence.

A further limitation is the use of purposive sampling, whereby potential participants were

selected based on their self-identified vaccination status and attitudes. While this approach

allows us to recruit a relevant sample, it introduces the potential for bias due to self-selection

by people with stronger opinions who are interested in participating in focus groups therefore

potentially excluding more moderate voices. Related to this, focus group dynamics can poten-

tially introduce bias due to groupthink. While the focus group moderators have extensive

training and experience conducting qualitative research, this potential source of bias remains.

A further limitation related to the focus groups is that because of the unique situation and lim-

ited sample size, we were unable to take steps to ensure data saturation.
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A limitation related to the analysis of the data is the background of the qualitative data

coder. While this coder has an educational and professional background in public health and

qualitative analysis and vaccine hesitancy more specifically, any coder will bring a certain level

of bias which must be recognized. Given the coder’s background, this bias could plausibly

result in some level of confirmation bias–which we have attempted to address by carefully

reviewing the raw data provided in the S2 Appendix.

Another limitation of the present study is the skew toward female and white participants in

our sample. In an effort to select a sample that contains diversity in geography, educational sta-

tus, income, and age, as well as a large representation of Indigenous communities, an unin-

tended outcome was a final sample that contained an over-representation of women and an

under-representation of ethnic groups other than persons of Indigenous ancestry. Finally, as

noted in the Methods section, none of the male participants had children. Given that a signifi-

cant amount of vaccine hesitancy attitudes and vaccination decision experiences happen in the

context of childhood vaccines, this may have limited the representativeness of our sample.

Recommendations for future research

Future work looking to expand on this taxonomy should focus on understanding how general-

izable it is to populations in other jurisdictions and vaccine contexts. It should also make

efforts to understand how our findings may be generalized to future pandemic contexts where

high uncertainty vaccination decisions are inherent. In addition, we believe that work attempt-

ing to connect the taxonomy proposed here with empirical data from communication strate-

gies will be useful in helping us understand the extent to which the taxonomy might be

relevant in a real-world context, such as public health message design.
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